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METHODOLOGY
Search Strategy
We performed a comprehensive literature search to identify independent predictors and risk factors associated with the successful liberation from CRRT. A database search was performed using EMBASE, CINAHL, PubMed, and Cochrane Central Register of Controlled Trials (CENTRAL) for articles published between 1980 and October 2023. Key search terms included "continuous renal replacement therapy," “continuous kidney replacement therapy”, “CRRT”, “CKRT”, “weaning," "discontinuation," "cessation," "termination," "liberation," "acute kidney injury", “AKI”, and “acute renal failure.” Boolean operators (e.g., AND, OR) were used to combine terms, and search filters were applied to restrict results to studies published in English and to identify studies in the adult and pediatric populations. We also searched additional sources for relevant citations, including GreyNet International, SIGLE (The System for Information on Grey Literature in Europe), Open Grey, and Grey Literature Report. An updated literature search was conducted through April 2025 to capture studies published after the original search in October 2023. The updated findings were reviewed, and all members of the expert panel approved the final version of the manuscript.

Study Selection and Review: 
Prospective, retrospective, case-controlled, and observational studies regarding the liberation from CRRT due to AKI requiring dialysis in adults and children were included. The included studies were classified as adult (>18 years of age) or pediatric (≤18 years of age) studies. Case reports and abstracts were excluded from this review. Studies were also excluded if they did not report predictive factors for the successful liberation from CRRT within a specified and predefined period. Pediatric and adult patients with a history of end-stage kidney disease (ESKD), defined as being dependent on dialysis prior to admission, were also excluded. Articles retrieved from the search strategy were imported into Rayyan QCRI and reviewed with strict inclusion and exclusion criteria. Supplemental Table 1 outlines the full inclusion and exclusion criteria for eligibility in this review. Two independent reviewers examined the collected studies' titles, abstracts, and full texts (R.R. and SKS.). Any disagreements regarding inclusion criteria, study selection, or study quality rating were resolved with a consensus of the two reviewers or, if necessary, by two additional independent reviewers (T.B. and K.A.). In this review, "CRRT liberation" refers to the immediate discontinuation of complete renal support provided by CRRT to the patient and short-term RRT independence. The included adult studies focused on factors leading to CRRT liberation in severe AKI patients due to signs of renal recovery, remaining independent of any RRT for a predefined time, i.e., 72 hours or seven days. In pediatric studies, any research reporting factors or outcomes related to successful liberation from CRRT in AKI children were included, regardless of the duration independent from CRRT.

Data Extraction:
The data extraction was recorded electronically using a standardized collection form, including title, authors, publication year, geography, study type, age at receiving CRRT, and sex. Additionally, we collected information on study eligibility characteristics, the authors’ definition of successful liberation from CRRT, and any predictive parameters of successful liberation, such as demographics, clinical, and laboratory variables at the start or end of CRRT. We believed that the most clinically significant factor determining the heterogeneity of reporting clinical biomarkers was the measurement timing relative to liberation; as a result, we pooled data independently based on measurement timing and age groups (i.e., adults and pediatrics).  

Assessment of risk of bias in included studies: 
Two independent reviewers (R.R. and K.D.) graded each study for its level of evidence based on methodological quality, validity, and applicability to the AKI population using the Newcastle-Ottawa Scale (NOS) for quality assessment (Supplemental Table 2). Observational studies with scores ≥7 points were considered of “good quality,” studies with 4-6 points were considered “fair quality.” Studies with ≤ 3 points were considered as “poor quality.” To mitigate bias from population selection in observational studies, the NOS score for comparability assessed if studies considered factors impacting the predictability of CRRT liberation, including prior RRT use, pre-existing chronic kidney disease, or any comorbidities. Any disagreements regarding study quality were resolved with a consensus of the two reviewers or, if necessary, by two additional independent reviewers (T.B. and K.A.). The Measurement Tool to Assess Systematic Reviews (AMSTAR) 2 was utilized for transparent reporting and to critically appraise this review (Supplemental Table 3). 

Formulation of Clinical Practice Points:
The timeline of clinical practice point creation is provided in Supplemental Table 4. Two meetings were conducted following our literature search and data extraction for authors to review the data from the studies included and vote on drafts of clinical practice points. Using a modified Delphi method, a panel of expert adult and pediatric nephrologists (N=15) were consulted to anonymously rank the listed clinical practice points based on the following grading system: 1 = strongly disagree; 2 = disagree; 3 = agree; 4 = more than agree; 5 = absolute agreement. The expert panel for this project was composed of adult and pediatric nephrologists with specialized expertise in critical care nephrology and CRRT. Panelists were identified through professional networks, publications, and leadership roles in nephrology and critical care societies. After the literature review and initial drafting of practice points, a two-stage anonymous voting process was employed. Recommendations for each section were discussed and finalized via web conferences. The experts added comments on existing recommendations and proposed new ones. The panel then met via web conference to discuss feedback, propose modifications, and suggest new recommendations where necessary. After incorporating the reviewers’ comments and adding new recommendations to the list, the expert panel repeated the scoring process multiple times until a set of high-quality recommendations was finalized. Additionally, statements for which respondents indicated a need for more data were classified as future research recommendations. Finally, we issued a call for future research, requesting additional studies on mechanical ventilation and vasopressor use where insufficient data exists to develop any recommendations. Due to the limited number of studies, we did not issue consensus guidelines. Based on reviewer feedback, we revised select practice points from the initial Delphi process to improve clarity and clinical relevance. These changes were reviewed and approved by all panel members upon manuscript review, ensuring full consensus on the final recommendations. The pharmacology group at Akron Children's Hospital, independent of the author group and expert panel, reviewed and validated these guidelines. In addition, patients, caregivers, or parent representatives were not included in the development, review, or validation of these clinical practice points.

Results
Our search yielded 1,308 studies, of which 18 final studies were considered eligible for this literature review. We included ten adult studies involving predictors and risk factors associated with CRRT liberation, encompassing 3,357 patients. Eight articles were included in pediatric studies encompassing 939 pediatric patients. A detailed PRISMA flow diagram of the article selection process is provided in Figure 1. From our literature search, we identified several criteria for predicting CRRT liberation. Biochemical markers included serum creatinine (SCr), urinary creatinine (UCr), creatinine clearance (CrCl), serum urea, neutrophil gelatinase-associated lipocalin (NGAL), and cystatin C. Physiological criteria incorporated urine output (UOP), while additional parameters considered were diuretic use, duration of CRRT, and fluid overload status. Risk factors evaluated in association with CRRT liberation comprised vasopressor use and mechanical ventilation.

Pediatric-specific data: 
2

There was limited data on CRRT liberation in the pediatric population. Therefore, we based most clinical recommendations on expert opinion and clinical experience. There were few pediatric studies with varying definitions of CRRT liberation, time intervals between successful and unsuccessful CRRT liberation, and other factors such as transitioning to different modalities of RRT.
Supplemental Table 1. PICOS Table
 
	Clinical Question
	What are the independent predictors for successful CRRT liberation? 
	What are the risk factors associated with unsuccessful CRRT liberation?

	Population
	Pediatric and adult patients on CRRT

	Intervention
	Predictors:
·   Urinary Creatinine
·   Serum Creatinine
·   Creatinine Clearance
·   Urine Output
·   Diuretic Challenge
·   Fluid Overload
·   Neutrophil  
   Gelatinase-Associated   
   Lipocalin (NGAL) 
·  Cystatin C
· CRRT Duration


	Risk Factors:
·   Mechanical Ventilation
·   Vasopressor Use


	Comparison
	Not Applicable
	Not Applicable

	Outcome
	Successful or unsuccessful liberation from CRRT for any period of time

	Study Design
	Included: Case Control studies, Cohort studies, Observational trials, Randomized control trials
Excluded: Systematic reviews, Meta Analyses, Case Reports

	Timing
	Adult studies focused on remaining independent of any RRT for a predefined time, i.e., 72 hours or seven days. In pediatric studies, any research reporting factors or outcomes related to successful liberation from CRRT in AKI children were included, regardless of the duration independent from CRRT.


CRRT: continuous renal replacement therapy; LOS: length of stay; ICU: intensive care unit









Supplemental Table 2: Newcastle-Ottawa Risk of Bias analysis
	Studies 
	Selection 
	Comparability 
	Exposure 
 
	Studies 
	Selection 
	Comparability 
	Exposure 
 

	First Author 
	Representativeness of exposed cohort 
	Selection of the non-exposed cohort 
	Ascertainment of exposure 
	Demonstration that outcome of interest was not present at start of study 
	Comparability of cohorts based on the design or analysis 
	Assessment of outcome 
	Was follow-up long enough for outcomes to occur 
	Adequacy of follow up cohorts 
	Quality Score 

	Viallet et al. (19)
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Frohlich et al. (14) 
	1 
	1 
	1 
	1 
	1
	1 
	1 
	1 
	8/9 

	Raurich et al. (23) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Uchino et al. (12) 
	1 
	1 
	1 
	1 
	2 
	1 
	1 
	1 
	9/9 

	Katayama et al. (13) 
	1 
	1 
	1 
	1 
	2 
	1 
	1 
	1 
	9/9 

	Heise et al. (17) 
	1 
	1 
	1 
	1 
	1
	1 
	1 
	1 
	8/9 

	Baeg et al. (48) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Jeon et al. (21) 
	1 
	1 
	1 
	1 
	1
	1 
	1 
	1 
	8/9 

	Yoshida et al. (15) 
	1 
	1 
	1 
	1 
	2 
	1 
	1 
	1 
	9/9 

	Stads et al. (29) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Askenazi et al. (34) 
	1 
	1 
	1 
	1 
	1 
	2 
	1 
	1 
	9/9 

	Katayama et al. (13) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Modem et al. (27) 

	1 
	1 
	1 
	1 
	1
	1 
	1 
	0
	7/9 

	Wei et al. (20) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Raymakers-Janssen et al. (46) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Lombel et al. (45) 
	1 
	1 
	1 
	1 
	0
	1 
	1 
	0
	6/9 

	Sutherland et al. (35) 
	1 
	1 
	1 
	1 
	2 
	1 
	1 
	1 
	9/9 

	Foland et al. (32) 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	1 
	8/9 

	Michael et al. (44) 
	1
	1
	1
	1
	1
	1
	1
	1
	8/9



Supplemental Table 3: AMSTAR Checklist 
	1.               Did the research questions and inclusion criteria for the review include the components of PICO?  

	Population-Yes 
	Timeframe for Follow-up-No 
	 

	Intervention-Yes 
	 
	 

	Comparator group-Yes 
	 
	 

	Outcome-Yes 
	 
	 

	2.               Did the report of the review contain an explicit statement that the review methods were established prior to the conduct of the review and did the report justify any significant deviations from the protocol? 

	Review Question  
	a meta-analysis/synthesis plan, if appropriate, and -Yes 
	 

	a search strategy -Yes 
	a plan for investigating causes of heterogeneity -Yes 
	 

	 inclusion/exclusion criteria -Yes 
	 justification for any deviations from the protocol -Yes 
	 

	 a risk of bias assessment -Yes 
	 
	 

	3.               Did the review authors explain their selection of the study designs for inclusion in the review?  

	OR Explanation for including both RCTs and NRSI -Yes 
	 
	 

	4. Did the review authors use a comprehensive literature search strategy?  

	searched at least two databases (relevant to the research question) --Yes 
	Searched the reference lists/bibliographies of included studies 
 Searched trial/study registries included/consulted content experts in the field-Yes 
	 

	provided keyword and/or 
 search strategy -Yes 
	where relevant, searched for grey literature -Yes 
	 

	justified publication restrictions -Yes 
	conducted search within 24 months of completion of the review -Yes 
	 

	 
	Searched the reference lists/bibliographies of included studies 
 Searched trial/study registries included/consulted content experts in the field -Yes 
	 

	5. Did the review authors perform study selection in duplicate?  

	At least two reviewers independently agreed on selection of eligible studies and achieved consensus on which studies to include-Yes  
	 
	 

	6.               Did the review authors perform data extraction in duplicate?  

	at least two reviewers achieved consensus on which data to extract from included studies -Yes 
	 
	 

	7.               Did the review authors provide a list of excluded studies and justify the exclusions?  

	 Provided a list of all potentially relevant studies that were read in full-text form but excluded from the review-No 
	Justified the exclusion from the review of each potentially relevant study-No 
 
	 

	8.               Did the review authors describe the included studies in adequate detail?  

	described populations - 
	described population in detail -Yes 
	 

	described interventions -Yes 
	described intervention in detail (including doses where relevant) -Yes 
	 

	 described comparators -Yes 
	 
	 

	described outcomes -Yes 
	described study’s setting -Yes 
	 

	described research designs -Yes 
	timeframe for follow-up -Yes 
	 

	9.               Did the review authors use a satisfactory technique for assessing the risk of bias (RoB) in individual studies that were included in the review?  

	RCT 
	 
	 

	unconcealed allocation, and lack of blinding of patients and -Yes 
	allocation sequence that was not truly random, and -Yes 
	 

	assessors when assessing outcomes (unnecessary for objective outcomes such as all-cause mortality) -Yes 
	selection of the reported result from among multiple measurements or analyses of a specified outcome -Yes 
	 

	NRSI  
	 
	 

	from confounding bias-Yes 
	methods used to ascertain exposures and outcomes, and -Yes 
	 

	from selection bias and from selection bias 
	selection of the reported result from among multiple measurements or analyses of a specified outcome -Yes 
	 

	10. Did the review authors report on the sources of funding for the studies included in the review?  

	 Must have reported on the sources of funding for individual studies included, but study authors did not report it also qualifies -Yes 
	 
	 

	If meta-analysis was performed, did the review authors use appropriate methods to combine the statistical results?  

	RCT 
	 
	 

	The authors justified combining the data in a meta-analysis -Yes 
	 
	 

	They used an appropriate weighted technique to combine study results and adjust for heterogeneity if present. -Yes 
	 
	 

	AND investigated the causes of any heterogeneity-Yes 
	 
	 

	NRSI 
	 
	 

	The authors justified combining the data in a meta-analysis -Yes 
	 
	 

	AND they used an appropriate weighted technique to combine study results, adjusting for heterogeneity if present-Yes 
	 
	 

	AND they statistically combined effect estimates from NRSI that were adjusted for confounding, rather than combining raw data, or justified combining raw data when adjusted effect estimates were not available -Yes 
	 
	 

	AND they reported separate summary estimates for RCTs and NRSI separately when both were included in the review -Yes 
	 
	 

	11.            If meta-analysis was performed, did the review authors assess the potential impact of RoB in individual studies on the results of the meta-analysis or other evidence synthesis?  

	 OR, if the pooled estimate was based on RCTs and/or NRSI at variable -Yes 
	 
	 

	12.            Did the review authors account for RoB in individual studies when interpreting/ discussing the results of the review? 

	If RCTs with moderate or high RoB or NRSI were included, the review provided a discussion of the likely impact of RoB on the results -Yes 
	 
	 

	13.            Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the results of the review?  

	OR if heterogeneity was present, the authors performed an investigation of sources of any heterogeneity in the results and discussed the impact of this on the results of the review -Yes 
	 
	 

	14.            If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias (small study bias) and discuss its likely impact on the results of the review?  

	Performed graphical or statistical tests for publication bias and discussed the likelihood and magnitude of impact of publication bias -Yes 
	 
	 

	15.            Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the review? 

	The authors reported no competing interests-Yes 
	 
	 






















Supplemental Table 4. Timeline of Clinical Practice Points and Delphi Meetings
	Month 
	Activity 
	Goals 

	0
	Planning and organizing 
	Establish objectives, define scope, identify key stakeholders, and create a project timeline.

	1
	Stage 1 Literature Search 
	Conduct a comprehensive search of relevant literature to identify key studies and data.

	2
	1st Conference Call 
	Review initial findings from the literature search, discuss methodology, and refine research questions.

	4
	2nd Conference Call
	Finalize inclusion/exclusion criteria, assign tasks for data extraction, and discuss preliminary insights.

	5
	1st Writing planning meeting
	Outline the structure of the manuscript, assign sections to team members, and set writing deadlines.

	5
	Stage 2 Literature Search 
	Perform a focused search for any additional studies or data that may have been missed in Stage 1.

	6
	2nd Writing Planning meeting
	Review progress on writing, address any challenges, and refine the outline based on new findings.

	6
	Writing Assignments meeting
	Allocate specific writing tasks and responsibilities, ensure alignment with the overall manuscript objectives.

	7
	1st Round of Delphi Meetings
	Conduct the first round of voting on draft clinical practice points, gather feedback, and identify areas requiring further discussion.

	8
	2nd Round of Delphi Meetings
	Finalize clinical practice points and future research recommendations through a second round of voting, incorporate feedback, and prepare final recommendations.

	9
	Internal draft guideline review 
	Review the complete draft internally for coherence, accuracy, and alignment with the objectives.

	10
	3rd Conference call 
	Address final comments, resolve any remaining issues, and prepare the manuscript for submission.

	11-12
	Publication
		Submit the manuscript for 
publication.

	














Supplemental Figure 1a:  PRISMA diagram for Adult Studies    [image: A screenshot of a computer
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Supplemental Figure 1b:  PRISMA diagram for Pediatric Studies  
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