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Abstract
Introduction  Renal replacement therapy (RRT) is a 
complex and expensive form of life-sustaining therapy, 
reserved for our most acutely ill patients. While a 
number of randomised trials have evaluated the 
optimal timing to start RRT among critically ill patients 
in the intensive care unit (ICU), there has been a 
paucity of trials providing guidance on when and 
under what circumstances to ideally liberate a patient 
from RRT. We are conducting a systematic review and 
meta-analysis to identify clinical and biochemical 
markers that predict kidney recovery and successful 
liberation from acute RRT among critically ill patients 
with acute kidney injury.
Methods and analysis  Our comprehensive search 
strategy was developed in consultation with a 
research librarian and independently peer-reviewed 
by a second librarian. We will search electronic 
databases: Ovid Medline, Ovid Embase and Wiley 
Cochrane Library. Selected grey literature sources 
will also be searched. Our search strategies will 
focus on concepts related to RRT (ie, intermittent 
haemodialysis, slow low-efficiency dialysis, 
continuous renal replacement therapy), intensive care 
(ie, involving any ICU setting) and discontinuation 
of therapy (ie, either clinical, physiological and 
biochemical parameters of weaning acute RRT) 
from 1990 to October 10, 2017. Citation screening, 
selection, quality assessment and data abstraction 
will be performed in duplicate. Studies will, where 
possible, be pooled in statistical meta-analysis. When 
deemed sufficiently clinically homogenous, and we 
have four or more studies reporting, sensitivities and 
specificities will be pooled simultaneously using a 
hierarchical summary receiver operator characteristic 
curve and bivariate analysis.
Ethics and dissemination  Our systematic review will 
synthesise the literature on clinical and biochemical 
markers that predict liberation from RRT. Research 
ethics approval is not required.
Trial registration number  CRD42018074615.

Background 
Acute kidney injury (AKI) is a common 
problem in critically ill patients. It is esti-
mated to occur in 6%–70% of all intensive 
care unit  (ICU) patients depending on the 
definition used.1–3 When AKI progresses 
to overt renal failure, renal replacement 
therapy (RRT) is often necessary. The inci-
dence of RRT treated AKI in the ICU is 13%, 
with continuous renal replacement therapy 
(CRRT) being used in 75% of cases.4 

RRT is a complex and expensive form of 
life-sustaining therapy, reserved for our most 
acutely ill patients. Because its provision can 
be associated with complications, including 

Strengths and limitations of this study

►► There are relatively few predictors of successful 
weaning studied, and similar parameters may be 
defined heterogeneously between studies which 
limits our ability to perform a pooled analysis.

►► Our search strategy will include studies from 1990 to 
present, which may result in bias due to significant 
changes in the management of acute renal replace-
ment therapy (RRT) over the time period included.

►► Mortality will not be included specifically in our 
search terms, which may result in studies with mor-
tality as an endpoint not being identified.

►► Studies evaluating peritoneal dialysis as a form of 
acute RRT were omitted due to the limited use of this 
modality in developed countries; however, this may 
limit generalisability of results in regions where this 
modality is more commonly practised.

►► We anticipate variable study methodology and qual-
ity of reporting across the retrieved studies, which 
may compromise confidence in inferences from the 
review. Furthermore, data from case series cannot 
be pooled in meta-analysis as the lack of a control 
group precludes the construction of 2×2 tables.
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catheter-associated infections, clinically significant haem-
orrhage, haemodynamic instability and delayed renal 
recovery,5–12 it is imperative to determine the optimal 
time to liberate patients from this therapy.

While a number of randomised trials have evalu-
ated the timing of initiation of RRT among critically 
ill patients, there has been a paucity of trials providing 
guidance on when and under what circumstances to 
ideally liberate a patient from acute RRT.13–15 The Kidney 
Disease Improving Global Outcomes (KDIGO) organisa-
tion has stated in their 2012 Clinical Practice Guidelines 
for Acute Kidney Injury to, “discontinue RRT when it is 
no longer required, either because intrinsic kidney func-
tion has recovered to the point that it is adequate to meet 
patient needs, or because RRT is no longer consistent 
with the goals of care.”16 However, this recommendation 
was largely based on expert opinion.

Although no specific criteria have rigorous evidence 
to support how best to determine when kidney function 
has sufficiently recovered to warrant a trial of libera-
tion from acute RRT,17 several clinical parameters have 
been evaluated, including urine output before and after 
cessation of RRT, creatinine clearance, daily urinary 
creatinine,18 kinetic estimated glomerular filtration rate 
(eGFR), and urea excretion.19 Of these, urine output 
is the most-studied and has been shown to have good 
predictive value. Hence, its use as a marker to wean RRT 
in two recent major trials.14 15 In addition to these clinical 
parameters, biomarkers such as neutrophil gelatinase-as-
sociated lipocalin (NGAL) and cystatin C (CysC) have 
been proposed as better predictors of renal function than 
serum creatinine in patients with AKI,20–22 and recent 
studies have shown promise in using CysC specifically to 
guide weaning from RRT.23–25 Although many parame-
ters and markers of renal recovery have been evaluated 
to guide cessation of RRT, the available data have not yet 
been rigorously synthesised.

Accordingly, we will conduct a systematic review and 
meta-analysis to identify clinical and biochemical markers 
that predict kidney recovery and successful liberation 
from acute RRT among critically ill patients with AKI. 
This is a vital initial step towards identifying, validating 
and implementing evidence-informed parameters to 
guide best practice, optimise RRT utilisation, improve 
healthcare economics and ultimately improve outcomes 
of critically ill patients receiving acute RRT.

Methods
Patient and public involvement
No patient or public were involved in this systematic 
review and meta-analysis.

Study design
A systematic review will be performed using guidelines 
from The Cochrane Collaboration and Center for reviews 
and dissemination and described according to

Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses Protocol (PRISMA-P) guidelines (http://
www.​syst​emat​icre​view​sjournal.​com/​content/​4/​1/​1).26 27

Study registration
In accordance with PRISMA-P guidelines, our systematic 
review is registered with the International Prospective 
Register of Systematic Reviews.

Data source and search methods
The search strategy will be developed and performed in 
consultation with a research librarian and independently 
peer-reviewed by a second librarian.28 We will search elec-
tronic databases: Ovid Medline (1946–), Ovid Embase 
(1988–) and Wiley Cochrane Library (inception–). Our 
search strategy will combine concepts related to RRT (ie, 
intermittent haemodialysis (IHD), slow low-efficiency 
dialysis (SLED), CRRT), intensive care (ie, involving any 
ICU setting) and discontinuation of therapy (ie, either 
clinical, physiological and biochemical parameters of 
weaning acute RRT) or treatment outcome. We will limit 
search results to publications from 1990 to October 10, 
2017. No language limits will be applied. See  online 
supplementary appendix A for the Medline strategy.

Additional search sources will include the trial registry 
platforms (ie, ​ClinicalTrials.​gov) and Google Scholar. We 
will also search for meeting abstracts from the past 2 years, 
where available, using Conference Proceedings Cita-
tion Index (Clarivate Analytics), and by hand-searching 
published proceedings from the following associations 
and meetings: American Society of Nephrology, Cana-
dian Society of Nephrology, ‘CRRTonline’ (San Diego), 
European Renal Association – European Dialysis and 
Transplant Association, European Society of Intensive 
Care Medicine, International Symposium on Intensive 
Care and Emergency Medicine (Brussels), National 
Kidney Foundation, and Society of Critical Care Medi-
cine. Search results will be exported and screened in 
EndNote V.X7 (Clarivate Analytics).

Study selection
Eligible articles will be identified through two phases. 
In the first phase, two authors (AA  and RK) will inde-
pendently review the titles and abstracts of all retrieved 
articles and documents using EndNote V.X7 (Thomson 
Reuters, Philadelphia, Pennsylvania,  USA) for poten-
tial inclusion. Disagreements will be resolved through 
discussion or adjudication by a third author (OGR). In 
the second phase, full texts of the selected articles will 
be reviewed by the same two authors independently 
and reviewed for eligibility using standard, pre-defined 
criteria. Disagreements will be resolved through discus-
sion with a third author (OGR). Eligible studies will have 
the following criteria.

Eligibility criteria
Studies will be included if they mention all of the 
following themes: (1) intensive care (ie, intended to 
refer to patients supported in an ICU setting capable 
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of providing invasive mechanical ventilation or vasoac-
tive therapy); (2) RRT (ie, IHD, SLED, CRRT) and (3) 
describe parameters associated with weaning or libera-
tion (ie, clinical, physiological and biochemical parame-
ters). We will consider those studies published after 1990 
and levels of evidence which include original data (ie, 
randomised control trials, cohort studies, case-control 
studies, case series). We will review published secondary 
uses of data if not already included and consider existing 
evidence syntheses (ie, systematic reviews, meta-analyses 
and Cochrane reviews), as well as targeted grey literature 
(ie, conference abstracts and proceedings).

Exclusion criteria
Studies will be excluded that do not fulfil all of the above 
criteria.

Outcome measures
The primary outcome will be ‘successful discontinuation 
of RRT’ among patients receiving RRT, however defined 
by the study. Secondary outcomes will include description 
of the spectrum of definitions for ‘successful discontin-
uation of RRT’, duration of RRT, new chronic kidney 
disease or RRT utilisation after ICU discharge.

Data extraction
A structured data extraction tool will be developed 
and piloted to extract study-specific data. Data will be 
extracted by two authors independently (AA  and RK). 
Data abstracted will include publication details, study 
design, operational definition, patient characteristics, 
RRT discontinuation parameter details, the timing of 
measurement of markers of RRT weaning and primary 
and secondary outcomes of interest. Disagreements will 
be resolved through discussion or adjudication by a third 
author (OGR). The authors of the retrieved studies and/
or documents will be contacted for further information 
if necessary.

Risk of bias assessment
Study methodological quality will be independently rated 
by two authors (AA and  RK) using the for Newcastle 
Ottawa Scale for observational studies and the Cochrane 
Collaboration’s tool for randomised controlled trials.29 30 
The strength of outcome measures derived from each 
study will be evaluated using the Grading of Recom-
medations, Assessment, Development and Evaluations 
(GRADE) system (​clinicalevidence.​bmj.​com/​x/​set/​
static/​ebm/​learn/​665072.​html) and the MOOSE check-
list for meta-analysis and systematic reviews of observa-
tional studies.31

Data analysis
Studies will, where possible, be pooled in statistical 
meta-analysis. 2×2 tables will be constructed from expo-
sures and outcomes of weaning parameters reported in 
each study where available. If not reported, we will contact 
authors for the data and if necessary calculate missing 
statistical parameters from reported values. Likelihood 

ratios will be reported in addition to sensitivities and spec-
ificities. If adjusted and unadjusted results are presented, 
unadjusted data will preferentially be used for meta-anal-
ysis although adjusted data will be presented where given. 
Where results are reported as odds ratios and it is not 
possible to construct 2×2 tables from the available data, 
they will not be included in the statistical meta-analysis.

We will use random effects model to pool effect sizes for 
each exposure as it associates with the primary outcome. 
Dichotomous outcomes will be reported as pooled odd 
ratios and 95% CIs based on the DerSimonian-Laird 
random-effect model. Continuous outcomes will be 
reported using calculated weighted mean differences 
with their 95% CIs. Using the I2 statistic and χ2 test, we 
will assess heterogeneity among studies. The thresholds 
for interpretation of I2 will be in accordance with the defi-
nitions presented in the Cochrane Handbook for Systematic 
Reviews of Interventions.26

When deemed sufficiently clinically homogenous, and 
we have four or more studies reporting, sensitivities and 
specificities will be pooled simultaneously using a hierar-
chical summary receiver operator characteristic (HSROC) 
curve and bivariate analysis.32 Pooled, joint estimates of 
sensitivity and specificity as well as the HSROC curve will 
be presented from these analyses.

Subgroup analysis
A planned subgroup analysis will include different RRT 
modalities providing such data are available: CRRT, 
intermittent renal replacement therapy (include both 
IHD and SLED), age stratified by ≥60 and <60 years old 
and chronic kidney disease (CKD) status prior to RRT, 
defined by eGFR <60 and across KDIGO stages of CKD as 
study permits. A χ 2 test will be used to specify subgroup 
effect.

We will also perform a subgroup analysis comparing 
older (1990–2007) to newer studies (2008–current) in 
order to assess for possible bias resulting from significant 
changes to the management of severe AKI over the time 
period of the retrieved publications.

Ethics and dissemination
Our systematic review will synthesise the literature on 
clinical and biochemical markers that predict liberation 
from acute RRT. The results will be presented at national 
as well as international conferences in poster or oral 
presentations. The final manuscript will be published in a 
peer-reviewed journal. The pooled analysis of this review 
will be used to update clinical practice guidelines on 
management of RRT in AKI.16

Conclusion
Our systematic review and meta-analysis aims to iden-
tify clinical, physiological and biochemical markers that 
predict kidney recovery and successful liberation from 
acute RRT and will inform on the optimum utilisation of 
RRT and improve outcomes for patients receiving RRT. 
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We anticipate our systematic review will inform future 
evidence-based clinical practice guidelines on the optimal 
circumstances to discontinue RRT in critically ill patients.
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