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Continuous renal replacement therapy (CRRT) is applied
to 5-20% of critically ill patients and represents the main
supportive therapy in severe acute kidney injury (AKI)
[1, 2]. In the past two decades, several key questions
related to CRRT have been addressed: the dose, rate of
fluid removal, anticoagulation and the timing for initia-
tion. High quality studies have provided clues as to how
to approach most of these issues to allow for uniform-
ity across intensive care units and dialysis units. On the
other hand, the question of CRRT cessation has merely
been raised and needs further exploration. Correctly
timing the termination of CRRT has major implications:
unnecessary CRRT increases costs, workload for health-
care staff and patients’ length of stay. Conversely, failed
weaning from CRRT might expose patients to recurrent
fluid overload, inadequate metabolic control and might,
therefore, hinder recovery. In the absence of high quality
data, clinicians are left without due guidance at the bed-
side and practice appears to greatly vary across sites [3].
This issue is even more relevant in children for whom
little data on CRRT management is available. In this pop-
ulation, most CRRT modalities are not readily available
and peritoneal dialysis (PD) often remains the primary
kidney replacement modality in many centres, especially
in resource-limited regions [4]. Only large, academic
centres can provide “conventional” CRRT to children.
Furthermore, vascular access and extra-corporeal cir-
cuit volume represent major challenges in the paediatric
population. Expertise, dedicated staff, and devices are
required, particularly in low body weight patients. In this
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population, early therapy cessation appears particularly
desirable; however, criteria associated with successful lib-
eration remain unknown.

In this issue of Intensive Care Medicine, Stenson and
colleagues report data from the Worldwide Exploration
of Renal Replacement Outcomes Collaboration in Kid-
ney Disease (WE-ROCK) cohort across 32 international
centres [5]. They aimed to identify factors predicting suc-
cessful liberation and any potential associations between
liberation, morbidity and mortality. In more than 600
children and young adults, they found that higher vasoac-
tive-inotropic scores (VIS), paediatric logistic organ dys-
function scores at CRRT initiation, higher urine output
(UO) prior to CRRT initiation and shorter CRRT dura-
tion were associated with successful liberation. A subset
of patients who received a diuretic challenge to augment
diuresis prior to liberation also had higher chance of suc-
cessful liberation if responding with increased UO.

It is remarkable that approximately 46% of the reported
paediatric patients actually failed their first attempt, rein-
forcing the urgent need for better criteria for stopping
CRRT. Underlying kidney disease seems to plays a domi-
nant role for AKI and for its recovery in children as seen
previously in data reported from adult patients in various
settings [6, 7]. Patients who were unsuccessfully liberated
had a roughly two fold higher rate of renal comorbidities
whereas the absence of renal comorbidities nearly dou-
bled the chance for successful liberation in the multivari-
ate analysis [5].

The observed association of higher VIS support and
clinical severity with successful discontinuation of
CRRT in the present study is thought provoking. The
authors have postulated that these patients could be
more responsive to resuscitative efforts and, hypotheti-
cally, more amenable to improvement in organ perfusion
and recovery of kidney function [5]. It is also conceiv-
able that severe metabolic acidosis and presumption of
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decreased vasopressor response triggered initiation of
CRRT at a lower stages of AKI with a potentially higher
renal reserve. The fact that VIS at time of discontinuation
was not different between the two cohorts any more may
further support the hypothesis that targeted resuscitation
is crucial to successful CRRT cessation. It also indicates
that successful weaning from inotropes and vasopres-
sors may indeed be a prerequisite to successful liberation
from CRRT.

The observation of UO both at CRRT initiation and
discontinuation to be a robust primary predictor of suc-
cessful liberation is more intuitive and is consistent with
prior observations [8]. In a meta-analysis by the DOnE
RRT group, UO had a pooled sensitivity and specificity
of 66.2% and 73.6% to predict successful CRRT libera-
tion in adults [9]. In a paediatric cohort, a urine output
greater than 0.5 ml/kg/h in the 6 h prior to cessation of
CRRT was predictive of a positive outcome [10]. Finally,
in a single centre retrospective study, UO and serum cre-
atinine prior to liberation, cumulative fluid balance whilst
admitted and RRT duration were independent predic-
tors of successful discontinuation [11]. Several “new”
biomarkers been investigated with regard to prediction
of sustained discontinuation of CRRT in adults [3]. Low
urinary neutrophil gelatinase-associated lipocalin levels
at cessation of continuous venovenous hemodiafiltration
(CVVHDF) predicted successful liberation with an AUC
(Area Under The Curve) ROC (Receiver Operating Char-
acteristics) curve of 0.81 similar to urinary output in a
multicentre prospective study [12]. Serum cystatin C was
also found to be an independent predictor for successful
weaning of CRRT [13]. Whether any of these biomarker
might help in decision-making for discontinuation in
paediatric patients will require further investigations.

Duration of CRRT was another factor associated with
successful CRRT liberation. This is an association also
reported amongst adult patients [14]. However, the dura-
tion of CRRT is always a parameter, which can only be
obtained post-hoc and thus does not really help in deci-
sion-making, even if this finding may tell us that prob-
ability for successful liberation decreases the longer the
patient is on CRRT.

Stenson et al. [5] do raise questions that clinicians
are confronted with when managing patients with
severe AKI. Their data do suggest that aggressive fluid
removal might be associated with lower chances of
CRRT liberation. However, although a similar amount
of fluid was removed in patients who could be liberated
and those who could not, the latter had a faster rate of
fluid removal. This is consistent with prior observa-
tions where aggressive ultrafiltration may be associated
with increased mortality due to coronary hypoperfu-
sion, rarely seen in paediatric patients, and mycocardial

ischaemia, gut hypoperfusion with bacterial trans-
location and cardiac arrhythmias [15]. The authors
acknowledge that further evaluation of patient admis-
sion diagnosis, critical care scores, CRRT timing, rates
of fluid removal and balances need to be examined in
follow up studies.

Quite expectedly prolonged CRRT was associated
with longer intensive care unit stay, dialysis depend-
ency at 90 days and mortality [5, 10, 11]. This finding
highlights the relevance of the research question and
should prompt further prospective studies. Acute care
nephrologists and intensivists base their decision to
cease CRRT on anticipated pathophysiology, underly-
ing the admission diagnoses, fluid balances and recov-
ery of residual renal function. At the moment the
most easily available sign for recovery during CRRT is
increasing UO. More evidence gleaned from well-con-
structed research is needed to support these clinical
criteria to liberate patients from CRRT. Whereas less
CRRT may be more, the right time to stop still remains
an open question.
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