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Abstract

Study Purpose: Continuous renal replacement therapy (CRRT) is used for supportive 

management of acute kidney injury (AKI) and disorders of fluid balance (FB). Little is known 

about the predictors of successful liberation in children and young adults. We aimed to identify the 

factors associated with successful CRRT liberation.

Methods: The Worldwide Exploration of Renal Replacement Outcomes Collaborative in Kidney 

Disease study is an international multicenter retrospective study (32 centers, 7 nations) conducted 

from 2015-2021 in children and young adults (aged 0-25 years) treated with CRRT for AKI 

or FB disorders. Patients with previous dialysis dependence, tandem extracorporeal membrane 

oxygenation use, died within the first 72 hours of CRRT initiation, and those who never had 

liberation attempted were excluded. Patients were categorized based on first liberation attempt: 

reinstituted (resumption of any dialysis within 72 hours) versus success (no receipt of dialysis 

for ≥72 hours). Multivariable logistic regression was used to identify factors associated with 

successful CRRT liberation.

Results: A total of 622 patients were included: 287 (46%) had CRRT reinstituted and 335 

(54%) were successfully liberated. After adjusting for sepsis at admission and illness severity 

parameters, several factors were associated with successful liberation, including higher VIS 

(vasoactive-inotropic score) at CRRT initiation (OR 1.35 [1.12-1.63]), higher PELOD-2 (pediatric 

logistic organ dysfunction-2) score at CRRT initiation (OR 1.71 [1.24-2.35]), higher urine 

output prior to CRRT initiation (OR 1.15 [1.001-1.32]), and shorter CRRT duration (OR 0.19 

[0.12-0.28]).

Conclusion: Inability to liberate from CRRT was common in this multinational retrospective 

study. Modifiable and non-modifiable factors were associated with successful liberation. These 

results may inform the design of future clinical trials to optimize likelihood of CRRT liberation 

success.

Tweet:

Liberation of CRRT in children and young adults is influenced by modifiable and non-modifiable 

factors.
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Introduction

Acute kidney injury (AKI) affects 20-25% of critically ill children and young adults and 

has no effective treatment options1. In patients of all ages, when AKI and excessive 

positive fluid balance (FB) (i.e., pathologic fluid balance) become severe enough, 

continuous renal replacement therapy (CRRT) is initiated to remove toxins and solutes, 

regulate fluid balance, maintain acid base status, control electrolytes, and allow for 

provision of nutrition and life sustaining medications, including antibiotics. Although a 

life-saving technology, extracorporeal CRRT is resource intensive, necessitates vascular 

access and anticoagulation, may limit early mobilization therapies2 and affects medication 
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pharmacokinetics3. Furthermore, more than half of pediatric patients historically requiring 

CRRT do not survive, while others may not recover kidney function4,5. Thus, a better 

understanding of the clinical trajectory of children and young adults requiring CRRT is 

needed to improve outcomes and inform decision making.

Despite the widespread use of CRRT, little is known about which factors portend a greater 

success for liberation. Understanding these factors may allow optimization of outcomes. 

In patients who fail a CRRT liberation attempt, reinstitution of CRRT may result in 

hemodynamic changes, electrolyte and acid/base derangements, the negative consequences 

of further fluid accumulation, and additional blood product transfusions. Conversely, waiting 

longer than necessary for liberation increases the potential for higher hospital morbidity, 

healthcare costs, and delayed or impaired renal recovery6,7. Among pediatric patients, only 

urine output (UOP) peri-CRRT discontinuation attempt has been reported to be associated 

with successful liberation8. There is a paucity of data to guide clinicians on when to trial 

CRRT liberation, including what factors might contribute to CRRT reinstitution.

Given these knowledge gaps we queried a multinational database of pediatric patients who 

required CRRT (Worldwide Exploration of Renal Replacement Outcomes Collaborative in 

Kidney Disease; WE-ROCK)9; (Presented at the 28th International Advances in Critical 

Care Nephrology AKI&CRRT Conference; February 202310,11). We aimed to 1) identify 

the clinical factors that predict successful liberation; 2) evaluate the association between 

duration of CRRT and liberation; 3) determine the association between liberation status and 

mortality; and 4) investigate the association between liberation and morbidity (ventilator free 

days and ICU free days). We hypothesized that clinical factors available at the time of CRRT 

initiation and potential liberation could predict success. Additional hypotheses included that 

longer CRRT duration would be associated with a lower probability of liberation success, 

and that successful liberation would be associated with lower morbidity and mortality.

Methods:

Study Population:

The Worldwide Exploration of Renal Replacement Outcomes Collaborative in Kidney 

Disease (WE-ROCK) is an international registry of 996 patients from 32 centers and 7 

nations who received CRRT from 2015-2021, with the majority (n = 932, 94%) of patients 

from 2018-2021. Patients were included if they were between 0-25 years of age and required 

CRRT due to AKI or FB disorders. As young adults with chronic diseases or comorbidities 

starting in early childhood are frequently admitted to pediatric institutions throughout early 

adulthood, we included those up to age 25 to capture the full spectrum of CRRT delivered 

in children’s hospitals. Patients with end-stage kidney disease (ESKD) who were dialysis 

dependent, had concurrent extracorporeal membrane oxygenation use, or those who received 

CRRT for a different primary indication (i.e., acute liver failure, intoxications, and inborn 

errors of metabolism) were excluded. Additional exclusion criteria were severe congenital 

anomalies of the kidney and urinary tracts with a high probability to progress to ESKD and 

chronic kidney disease with expected dialysis dependence due to natural disease course. For 

this analysis, we also excluded patients in whom liberation was not attempted during the 

first 28 days of CRRT or who died within the first 72 hours of CRRT. Detailed methods 
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have been previously published12. All contributing centers had approval from their local 

institutional review board with a waiver of informed consent. Data sharing agreements were 

instituted between each site and the lead site.

Data Collection:

In brief, retrospective chart review was performed and data was entered into a central 

Research Electronic Data Capture (REDCap) database. Patient baseline and admission 

characteristics (admission category, comorbidities, and presence of sepsis) were obtained. 

Illness severity data at ICU admission: pediatric risk of mortality III (PRISM-III) score13 

and highest values within 24 hours prior to CRRT initiation (vasoactive-inotrope [VIS], 

Pediatric logistic organ dysfunction score [PELOD-2 score]14, and cumulative fluid balance 

percent [%cFB]) were obtained. %cFB at CRRT initiation was defined as (100 x [total 

intake-total output at CRRT initiation]/ICU admission weight)15. Additional measurements 

of cumulative fluid balance including evaluation on day 3 of CRRT therapy (total intake 

and total output since day of ICU admission through day 3). Day 3 was chosen as this 

represents the 25th percentile of CRRT duration for the entire cohort, allowing us to capture 

a majority of patients still receiving therapy. UOP prior to CRRT initiation, time to CRRT 

initiation from ICU admission, CRRT dose, and daily %FB were recorded. A sub-analysis 

was performed on the subset of patients who received a loop diuretic within the 24 hours 

preceding CRRT liberation attempt.

Liberation Definitions:

Patients were categorized into two liberation categories based on the first liberation attempt 

during the first 28 days of therapy. A threshold of 72 hours was pre-specified based on prior 

evidence that delineated status at 72 hours after first CRRT liberation attempt16,17. Further, 

this timepoint was felt to be short enough to likely avoid other confounding events that occur 

in critically ill patients.

Liberated: patients had no receipt of CRRT or other dialysis modality for ≥72 hours after 

discontinuing CRRT.

1. Reinstituted: patients resumed CRRT or another dialysis modality within 72 

hours after discontinuing CRRT.

Outcomes

The primary outcome was successful CRRT liberation. Secondary outcomes included 

duration of CRRT, mortality rates at ICU discharge, hospital discharge, and 90-day, 28-day 

ICU-free days, and 28-day ventilator free days. Ventilator and ICU free days for patients 

who died was 0.

Statistical Analysis:

Patient demographic and clinical characteristics were described using medians with 

interquartile ranges (IQR) for continuous variables and frequencies with percentages for 

categorical variables. Wilcoxon rank sum tests and chi-square tests were used to test for 
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differences in continuous and categorical variables, respectively, according to liberation 

status.

A multivariable logistic regression model was used to estimate adjusted odds ratios (aOR) 

and 95% confidence intervals (CI) for successful liberation according to covariates of 

interest. For continuous predictors, odds ratios were presented for a comparison of the 

75th versus 25th percentile (i.e., IQR odds ratios). A priori relevant covariates were selected 

based on consensus of the WE-ROCK investigators and existing literature4,5,18-20. Robust 

standard errors were obtained using the Huber-White method to correct for the clustering of 

patients within hospitals. To allow for potential non-linear associations, CRRT duration was 

modeled using restricted cubic spline terms with default four knots (5th, 35th, 65th, and 95th 

percentiles) as recommended by Harrell21. The final number of knots was determined based 

on the model Akaike Information Criterion. Predicted probabilities of liberation success by 

CRRT duration were obtained via an inverse logit transformation of the log odds. Patients 

who died within 72 hours of CRRT initiation were excluded from analyses. There was no 

imputation performed for missing data. All analyses included complete cases only and we 

expect any potential impact of missing data on the observed association to be minimal as the 

overall proportion was below 5% for the primary analysis.

Two sub-analyses were performed. First, we evaluated patients who received a loop diuretic 

within 24 hours preceding the CRRT liberation attempt using similar methods. UOP for 

these patients was recorded for 6 hours following loop diuretic administration and included 

in the multivariable logistic regression model. UOP at CRRT initiation and UOP at CRRT 

liberation attempt were strongly correlated (Pearson’s r =0.67), so were not included in 

the same model to avoid multicollinearity. Second, an alternative measure of cumulative 

fluid balance through CRRT day 3 was evaluated in the subset of patients who were still 

receiving CRRT at this timepoint. Two-sided p-values <0.05 were considered statistically 

significant. All statistical analyses were performed using R version 4.3.1 statistical software 

(https://www.r-project.org/). The logistic regression models were fit using the lrm function 

in the R package rms (version 6.7.1)22. The robust Huber-White variance was calculated 

using the robcov function in the rms package.

Results

Demographics of the Cohort:

Nine hundred ninety-six patients were included in the registry. After exclusions for use of 

CRRT prior to 2015 or missing outcome data (n=17), 979 patients remained. Liberation 

was not attempted during the first 28 days of therapy in 357 (36%) patients. Therefore, 622 

patients were included in the final analysis (Figure 1). The median age of the cohort was 9 

years (IQR 2, 14.9) and 46% were female (Table 1). There were no underlying comorbidities 

in 23% of patients; the most common comorbidities were cardiac (19%), oncologic (20%), 

and gastrointestinal (19%) (Supplemental Table 1). The most common admission category 

was shock/infection/trauma (38%), and 262 (42%) had sepsis at ICU admission. The overall 

cohort had high illness severity estimates, with a median PRISM-III score of 14 (IQR 9, 

18) at ICU admission and median PELOD-2 score at CRRT initiation of 6 (IQR 4, 8). 
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Additional patient demographic and clinical characteristics are summarized in Table 1 and 

Supplemental Table 1.

Demographic Differences between the Liberated and Reinstituted Groups:

Of the 622 patients who had a CRRT liberation attempt, 53.8% (n=335) were successful 

(Figure 1). Comparisons between liberated and reinstituted groups are summarized in Table 

1 and Supplemental Table 1. Liberated patients were younger than those for whom CRRT 

was reinstituted (6.2 vs. 10.8 years, p=0.04) and had a lower admission weight (23.8 kg vs. 

35.3 kg; p= 0.006). Immunologic comorbidity and renal/urologic comorbidities were less 

common among those who successfully liberated.

Illness Severity Parameters:

There was no difference in PELOD-2 score at CRRT initiation or at time of CRRT liberation 

attempt, or in the incidence of sepsis between groups (Table 1). The liberated group had 

higher VIS (median 5; IQR 0, 20) at CRRT initiation compared to the reinstituted group 

(median 0; IQR 0, 11.2; p < 0.001), but there was no difference in VIS at time of CRRT 

liberation attempt. The liberated group had higher indexed UOP in the 24 hours prior to 

CRRT initiation (median 0.5; IQR 0.2, 1.5) vs the reinstituted group (median 0.4; IQR 04, 

1.1), p = 0.08. A subset of patients (n = 214) who received a loop diuretic within 24 hours 

prior to CRRT liberation attempt had UOP recorded. Among this subset, the liberated group 

had higher indexed UOP in the 6 hours preceding CRRT liberation attempt (median 0.70; 

IQR 0.1, 2.1 vs. median 0.4; IQR 0.1, 1.2), although this difference was not significant (p= 

0.08).

Fluid Balance and CRRT prescriptions:

Median %cFB from ICU admission to CRRT initiation was 7.2% (IQR 2.1, 16.8) and the 

median time from ICU admission to CRRT initiation was 2 days (IQR 1, 5) (Table 1). In 

the 456 (73%) patients still on CRRT at day 3, median %cFB from ICU admission to CRRT 

day 3 was −21.5% (IQR −71.1, 25.3), and there was no difference between the liberated 

and reinstituted groups (p=0.8). There were differences in time to first day of negative 

fluid balance between groups, with a higher proportion of patients achieving negative fluid 

balance on day 1 in the reinstituted group (37%) compared to the liberated group (31%), 

p=0.03. In addition, 15% of liberated patients (n= 50) never achieved a net negative fluid 

balance as compared to 5.6% (n=16) of the reinstituted patients (p < 0.001). The liberated 

group had a more negative daily %FB on day 4 (median −8.1; IQR −29.8, 8.7 vs. median 

−1.2; IQR −18.1, 8.4; p 0.02) and day 5 (median −6.4; IQR −21.9, 6.6 vs. median 0.1; IQR 

−16.2, 15.8; p= 0.03) compared to the reinstituted group, Supplemental Table 2. Prescribed 

CRRT dose was significantly higher in liberated patients on day 0 (median 43.1 dose/kg; 

IQR 31.4, 60 vs. median 38.1; IQR 28.4, 55.0; p=0.01) and day 1 (median 43.9 dose/kg; 

IQR 32, 60.1 vs. median 39.0 dose/kg; IQR 28.8, 54.2; p = 0.004), Supplemental Table 2.

Outcomes Based on Liberation Patterns

Table 2 shows patient outcomes based on liberation patterns. Mortality at all time points was 

higher in the reinstituted group, with an overall ICU mortality of 15% compared to 6.9% 
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in the liberated group (p = 0.002). There was no difference in days to death after liberation 

attempt between groups. The liberated group had more ventilator free days (median 28, IQR 

16, 28) compared to reinstituted group (median 23, IQR 5, 28), p=0.005. Additionally, the 

liberated group had more ICU free days (median 8, IQR 0, 17) compared to reinstituted 

group (median 0, IQR 0, 12), p <0.001. The majority of patients who were reinstituted 

were transitioned to intermittent hemodialysis (58%) while 39% were reinitiated on CRRT. 

Patients who reinstituted had a significantly higher rate of RRT dependence at 90 days as 

compared to those who successfully liberated (24% vs. 1.3%, p<0.001).

Multivariable Analysis for Associations with Liberation Success

Supplemental Table 3 shows all variables included in the multivariable regression model 

and Table 3 shows which variables were significantly associated with liberation success. 

Higher VIS at CRRT initiation (IQR OR 1.35; 95% CI 1.12-1.63), lower VIS at liberation 

attempt (IQR OR 0.99; 95% CI 0.98-0.99), and higher urine output prior to CRRT initiation 

(IQR OR 1.15; 95% CI 1.001-1.32) were associated with an increased odds of successful 

liberation. Increased odds of successful liberation were also seen in patients with higher 

PELOD-2 score at CRRT initiation (IQR OR 1.71; 95% CI 1.24-2.35). Earlier time to 

initiate CRRT trended towards increased odds of successful liberation (IQR OR 0.95; 95% 

CI 0.9-1.000) but was not significant. Having an underlying renal/urologic comorbidity was 

inversely associated with successful liberation (aOR: 0.39; 95% CI 0.20 – 0.76). Included 

renal/urologic comorbidities are summarized in supplemental table 4.

Diuretic Challenge Sub-Analysis

For the subset of patients who received a diuretic challenge prior to liberation attempt, 

multivariable analysis was conducted and adjusted for comorbidities, VIS, PELOD-2 score, 

%cFB at CRRT initiation, and UOP prior to CRRT liberation attempt. After adjusting for 

these variables, higher UOP prior to CRRT liberation was associated with a higher odds of 

successful liberation (IQR OR 1.32; 95% CI 1.08-1.61), Supplemental Table 5.

Day 3 Cumulative Fluid Balance Sub-Analysis

For the subset of patients who remained on CRRT on day 3, multivariable analysis was 

conducted to determine if there was an association between this variable and liberation 

success (Supplemental Table 6). Higher VIS at CRRT initiation, higher PELOD-2 at 

CRRT initiation, and higher UOP at CRRT initiation remained significantly associated with 

successful liberation. There was no association between day 3 %cFB and liberation status (p 

= 0.371).

Association between CRRT duration and probability of successful liberation

Figure 2 shows the nonlinear relationship between CRRT duration and successful liberation. 

The probability of successful liberation declined as CRRT duration increased. On day 9, the 

probability of successful liberation was 0.55 (95% CI 0.43, 0.66) and declined by day 15 to 

0.35 (95% CI 0.24, 0.49) and day 21 to 0.24 (95% CI 0.13, 0.39).
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Discussion:

In this retrospective, multinational cohort study, we provide a comprehensive evaluation of 

factors associated with successful liberation from CRRT in critically ill pediatric and young 

adult patients. Our key findings identified higher VIS and higher PELOD-2 score at CRRT 

initiation as predictive of successful CRRT liberation. Additionally, higher UOP at CRRT 

initiation, and higher UOP with diuretic administration at time of CRRT liberation attempt 

was predictive of successful CRRT liberation. Furthermore, we show that patients who 

required RRT reinstitution had worse outcomes (higher mortality, higher RRT dependence at 

90 days, fewer ventilator free days and fewer ICU free days). To our knowledge, this is the 

first large, multicenter study in pediatric patients to identify these factors predicting CRRT 

successful liberation.

In evaluating patient characteristics, we show that higher VIS and higher PELOD-2 at 

CRRT initiation and lower VIS at liberation attempt were associated with successful CRRT 

liberation. Prior studies did not identify these findings, and even had trends showing 

that lower VIS at CRRT initiation and at CRRT liberation attempt were associated with 

liberation success23,24.The newly identified association between higher VIS and PELOD-2 

and increased liberation success is likely multifactorial and the proposed explanations are 

purely speculative. In evaluating potential differences in underlying disease pathophysiology 

as a potential explanation for these findings we did not find different rates of sepsis or 

cardiac comorbidities. However, a higher VIS and a higher PELOD-2 score may reflect a 

greater degree of hemodynamic compromise or shock, which is potentially more reversible 

and thus associated with higher rates of liberation success. Another potential explanation is 

that clinicians may be more inclined to institute CRRT for volume management in patients 

that are sicker for controlled fluid removal and less inclined to undertake prolonged diuretic 

trials. Notably, at time of CRRT liberation attempt, the PELOD-2 score was no longer 

different while a lower VIS was associated with higher rates of liberation success, adding 

credence to the reversibility of hemodynamic compromise in these patients. In the future, 

clinical practice guidelines and trial development may use improvement in VIS and illness 

severity scores as potential indicators for timing of liberation attempts.

While intuitively straight-forward, the current study highlights the importance of urine 

output at multiple timepoints before and during CRRT for successful liberation. The current 

study evaluated UOP at CRRT initiation and at the time of CRRT liberation attempt (in 

patients who received a loop diuretic). We found that UOP prior to CRRT initiation was 

associated with CRRT liberation success. Further, our data supports the findings from a 

single-center pediatric study which identified that higher UOP in the period immediately 

preceding CRRT discontinuation to predict liberation success23. Preservation of UOP (prior 

to CRRT initiation, during CRRT, and after CRRT liberation attempt) has been identified 

as a positive predictor of successful CRRT liberation in adult critically ill patients16,17,25,26. 

These UOP findings point to the preservation of kidney function which may be potentially 

mediated through the maintenance of an adequate renal perfusion pressure and gentle fluid 

removal strategies to avoid dialy-trauma27-29. We speculate that renal perfusion pressures 

were optimized in patients with a higher VIS resulting in higher mean arterial pressure goals 

and higher UOP.
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This study also details that the degree of pathologic positive %cFB at CRRT initiation 

is lower than prior reports. Prior evidence detailed the negative impacts of pathologic 

positive %cFB at CRRT initiation5 with the lowest survival rates seen in patients with 

high FB and electrolyte abnormalities20. Following that publication, a smaller single-center 

study showed a trend towards a less positive fluid balance at CRRT initiation over the 

years30. The majority of our patients were from 2018-2021 and thus demonstrates relative 

improvement in overall %cFB at CRRT initiation. This can potentially be explained by 

increased physician awareness of the deleterious effects of fluid accumulation.

There is also increasing awareness on the potential harms of rapid fluid removal during 

dialysis, which causes “dialy-trauma” and is associated with poor renal recovery31-36. In 

our study, we demonstrate that patients who required CRRT reinstitution had earlier time to 

negative fluid balance. It was not until day 4 of CRRT therapy that the liberated patients 

had more fluid removal than the reinstituted patients. While CRRT prescribed dose was 

significantly higher on day 0 and 1 in patients who ultimately liberated from CRRT, we 

were unable to evaluate the delivered dose in this cohort, leading to caution in interpreting 

this finding. Aggressive fluid removal was recently shown in adults to be associated with 

higher mortality rates28, and lower rates of renal recovery and RRT liberation29. The rate 

and volume of fluid removed during CRRT is currently being studied prospectively in adults 

(NCT05306964). Further investigation into this association and the potential underlying 

mechanisms, including severity of illness, fluid balance at CRRT initiation, rates of fluid 

removal, and timing of CRRT initiation are warranted.

In the current study we sought to evaluate the optimal timing of CRRT initiation and its 

impact on liberation outcomes. While not statistically significant, patients who initiated 

CRRT earlier trended towards successful liberation. When this is interpreted in the context 

of the finding that the liberated group had a longer time to negative fluid balance, it 

suggests that early CRRT initiation may allow for slower, more physiologic fluid removal 

and avoidance of dialy-trauma. Earlier initiation may have led to faster improvement 

of their underlying disease state, potentially through safer administration of nephrotoxic 

medications, earlier provision of nutrition, and slower fluid removal.

Our study adds to the literature showing the association between failure to liberate from 

CRRT and the associated morbidity and mortality. The mortality rates in both groups were 

high, but nearly double in patients who had CRRT reinstituted. There are likely many factors 

that contribute to mortality and future studies from this cohort will delve into this further. 

Taken together with the previously described findings above, the current study highlights 

the importance of successful liberation from CRRT on patient outcomes. This should be 

taken as a call to arms to systematically study CRRT as the complex procedure it is. 

The evaluation of initiation parameters, treatment decisions (dose, fluid removal, etc.), and 

liberation predictors are complex and intertwined. The current study takes the important first 

steps by showing the CRRT duration and severity of illness, are associated with successful 

CRRT liberation. These will be the building blocks for protocol and trial development 

evaluating liberation strategies.
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Our study has many strengths. This was a very large heterogeneous cohort that included 

critically ill patients from multiple institutions from numerous countries, and therefore our 

data is likely generalizable. We included several clinical factors that have the potential to 

aid in development of risk tools for clinical decision support for when to consider liberation. 

Finally, we show that a prior modifiable risk factor (%cFB at CRRT initiation), has been 

optimized as the majority of patients had <20% cFB at time of CRRT initiation5,37. In 

addition to these strengths there are some limitations. Only the initial attempt at CRRT 

liberation was documented and we therefore may have missed patients who failed the first 

liberation attempt but were able to successfully liberate afterwards. We also did not capture 

the specific indication for CRRT initiation or need for re-initiation. Additionally, we did 

not have access to blood pressure and central venous pressure measurements throughout the 

ICU admission and at CRRT liberation attempt. We evaluated the predictors of liberation 

in our sample as a whole. It is possible that the variables associated with successful 

liberation will be different when patients are categorized by distinct patient level and disease 

subtypes. We plan to evaluate these in future work using existing registry data. While we 

did include centers from many countries, all were tertiary or quaternary, potentially limiting 

generalizability to smaller centers and resource limited environments using other dialytic 

modalities such as peritoneal dialysis. As with all retrospective studies, we can only test for 

associations, not causality. Finally, only multivariable results using the complete data are 

reported and patients with missing data excluded from these analyses.

In conclusion, this is the largest study describing clinically relevant factors for successful 

CRRT liberation in a multinational cohort of critically ill pediatric patients. We identified 

factors that may guide clinicians as it relates to family counseling regarding conversion to 

more durable access and intermittent dialysis modalities. We also generate hypotheses that 

may inform future clinical research for timing of CRRT initiation, optimizing blood pressure 

targets and thus renal perfusion pressure, which impacts UOP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-Home Message:

In a retrospective analysis of over 600 critically ill children and young adults supported 

with continuous renal replacement therapy (CRRT), illness severity parameters, 

duration of continuous renal replacement therapy influence successful liberation. Future 

prospective trials should focus on initiation parameters and liberation predictors of CRRT 

in critically ill patients.
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Figure 1: 
Consort Diagram of the Included Patients. There were 996 patients in the initial registry, of 

which 17 were removed as CRRT (Continuous renal replacement therapy) was performed 

prior to 2015 or the patients had a diagnosis of CKD (chronic kidney disease with dialysis 

dependence). In 357 patients there was no attempt at CRRT liberation or patients died within 

72 hours after CRRT initiation and were not included in the analysis. This resulted in a 

final cohort of 622 patients. There was missing covariate data for 21 patients, and thus 

601 patients were included in overall multivariable regression models. Subanalyses were 

performed based on patient characteristics.
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Figure 2. 
Predicted probability of successful CRRT (Continuous renal replacement therapy) liberation 

as a function of duration of CRRT days from multivariate logistic regression, adjusted for 

a priori relevant covariates (Supplemental Table 3) at the most frequent or median level. 

CRRT duration was modeled with restricted cubic splines (4 knots) to allow for potential 

non-linear association with successful liberation. CRRT duration (days) is significantly 

associated with decreased probabilities of successful liberation (p< 0.001). Shaded area 

denotes 95% confidence intervals.
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Table 1.

Patient Characteristics

Variable Overall
N = 622

Reinstituted
N = 287

Liberated
N = 335

p-value

Patient Baseline Characteristics

Age (years) 9.0 (2.0, 14.9) 10.8 (2.5, 15.2) 6.2 (1.8, 14.4) 0.04

Gender (female) 286 (46%) 141 (49%) 145 (43%) 0.2

Primary Comorbidities: None 146 (23%) 62 (22%) 84 (25%) 0.4

Primary Comorbidities: Renal/Urologic 64 (10%) 41 (14%) 23 (6.9%) 0.004

Primary Comorbidities: Immunologic 78 (13%) 47 (16%) 31 (9.3%) 0.011

Admission Characteristics

Admission weight (kg) 28.9 (12.7, 58.2) 35.3 (13.8, 60.0) 23.8 (11.5, 52.6) 0.006

Admission Category 0.3

Shock/Infection/Major Trauma 234 (38%) 101 (35%) 133 (40%)

Respiratory Failure 98 (16%) 49 (17%) 49 (15%)

Other 152 (24%) 79 (27%) 73 (22%)

Illness Severity Parameters

Sepsis at ICU Admission1 262 (42%) 129 (45%) 133 (40%) 0.2

PELOD-22 Score at CRRT Initiation 6 (4, 8) 6 (3.5, 8) 6 (4, 8) 0.11

PELOD-2 Score at CRRT Liberation Attempt 5 (3, 7) 5 (2.5, 7) 5 (3, 7) 0.15

VIS3 at CRRT Initiation 3 (0,15) 0 (0, 11.2) 5 (0, 20) <0.001

VIS at CRRT Liberation Attempt 0 (0, 3) 0 (0, 2) 0 (0, 3.3) 0.2

PRISM-III4 Score at ICU Admission 14 (9, 18) 13 (9, 18) 14 (10, 18) 0.3

Time from ICU admission to CRRT initiation (days) 2 (1, 5) 2 (1, 5) 2 (1, 4.5) 0.6

Fluid Balance Parameters

Urine output 24 h prior to CRRT initiation (ml/kg/h) 0.5 (0.1, 1.3) 0.4 (0.4, 1.11) 0.5 (0.2, 1.5) 0.08

Urine output 6h prior to CRRT liberation attempt (ml/kg/h) 
with loop diuretic

0.5 (0.1, 1.5)
N = 214

0.4 (0.1, 1.2)
N = 107

0.70 (0.1, 2.1)
N = 107

0.08

Time to first day of negative Fluid Balance (FB5) 0.022

Day 0 243 (39%) 113 (40%) 130 (39%)

Day 1 211 (34%) 106 (37%) 105 (31%)

Fluid Balance Never Negative 66 (11%) 16 (5.6%) 50 (15%) <0.001

Cumulative Fluid Balance Percent (%cFB6) from ICU 
admission to CRRT initiation

7.2 (2.1, 16.8) 7.4 (1.9, 17.3) 7.0 (2.2, 16.8) 0.8

%cFB from ICU admission to CRRT day 3 −21.5 (−71.1, 25.3)
N =456

−20.3 (−73.4, 21.0)
N = 223

−23.4 (−70.4, 29.7)
N =233

0.8

% daily fluid balance day 4 (ml/kg) −3.4 (−23.7, 8.8)
N=373

−1.2 (−18.1, 8.4)
N=183

−8.1 (−29.8, 8.7)
N=190

0.02

% daily fluid balance day 5 (ml/kg) −3.6 (−19.3, 12.3)
N=304

0.1 (−16.2, 15.8)
N=162

−6.4 (−21.9, 6.6)
N=142

0.03

Categorical variables are presented as n (%) and Continuous variables as median (IQR); P-values calculated using chi-square test or Wilcoxon rank 
sum test.
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1
ICU: Intensive Care Unit

2
PELOD-2: Pediatric logistic organ dysfunction score

3
VIS: Vasoactive-inotrope score

4
PRISM-III: Pediatric risk of mortality III score

5
FB: Fluid Balance

6
%cFB: Cumulative fluid balance percent
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Table 2.

Patient Outcomes based on Liberation Success or Reinstitution

Variable Overall
N = 622

Reinstituted
N = 287

Liberated
N = 335

p-value

CRRT1 duration (days) 5 (3, 12) 9 (4, 17) 4 (2, 7) <0.001

ICU2 Mortality 65 (10%) 42 (15%) 23 (6.9%) 0.002

Hospital Mortality 79 (13%) 48 (17%) 31 (9.3%) 0.008

90 Day Mortality 76 (12%) 46 (16%) 30 (9%) 0.01

Time to Death (days after liberation attempt) 28.5 (17, 51)
N = 76

28.0 (19, 50.3)
N = 46

30 (15.5, 50)
N = 30

0.9

28-day ventilator-free days 26 (11.8, 28) 23 (5, 28) 28 (16, 28) 0.005

28-day ICU-free days 5 (0, 15) 0 (0, 12) 8 (0, 17) <0.001

RRT3 dependence at 90 days 61 (11%)
N = 545

57 (24%)
N = 240

4 (1.3%)
N = 325

<0.001

Categorical variables are presented as n (%) and Continuous variables as median (interquartile range); P-values calculated using chi-square test or 
Wilcoxon rank sum test.

1
CRRT: Continuous renal replacement therapy

2
ICU: Intensive Care Unit

3
RRT: Renal Replacement Therapy
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Table 3.

Multivariable regression model predicting successful CRRT liberation (n = 601).

Significant Predictor Variables Reference Contrast OR (95%CI)

Primary Comorbidities: Renal/Urologic No Yes 0.38 (0.20-0.75)

Vasopressor-Inotrope Score at CRRT1 Initiation 0.0 20.0 1.35 (1.12-1.63)

Vasopressor-Inotrope Score at Liberation Attempt 0.0 3.6 0.99 (0.98-0.999)

PELOD-22 Score at CRRT Initiation 4.0 9.0 1.71 (1.24 - 2.35)

Urine output (24h prior to CRRT Initiation) (ml/kg/h) 0.1 1.2 1.15 (1.001-1.32)

CRRT duration (days) 3.0 14.0 0.19 (0.12-0.28)

Odds ratio (OR) and 95% confidence intervals (CI) obtained by logistic regression. The model accounts for the nesting of patients within hospitals 
via the Huber-While cluster sandwich estimator of variance. ORs for continuous predictors scaled to reflect the interquartile range odds ratio (i.e., 
reference = 25th percentile, contrast = 75th percentile). Other variables adjusted for include the following: weight, presence of no comorbidities, 

cardiac comorbidity, oncologic comorbidity, immunologic comorbidity, sepsis at ICU3 admission, PELOD-2 score at crrt liberation attempt, % 
fluid balance (ICU admit to CRRT initiation), calculated CRRT dose, time from ICU admission to CRRT initiation. 21 (3.4%) out of 622 patients 
were not included in the analysis due to missing covariate data.

1
CRRT: Continuous Renal Replacement Therapy

2
PELOD-2: Pediatric logistic organ dysfunction score

3
ICU: Intensive Care Unit
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