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Abstract

Introduction: The selective cytopheretic device (SCD) is a cell-
directed extracorporeal therapy approved for use in children with
acute kidney injury (AKI) receiving continuous renal replacement
therapy (CRRT) with sepsis/sepsis-like conditions. We compared
outcomes for children treated with SCD to a contemporary
cohort of children treated with CRRT alone. Methods: Second-
ary analysis and comparison of patients <22 years old and >10 kg
from a multicenter registry of patients receiving CRRT for AKI
and/or fluid overload (WE-ROCK; 2015-2021) to patients from
two multicenter, prospective, interventional studies of children
with AKI and multiple organ dysfunction (MODS) receiving SCD

(SCD-PED-01/SCD-PED-02; 2016-2022). Results: Eighteen pa-
tients in the SCD cohort were compared to 178 in the CRRT
cohort. There were no differences between cohorts at CRRT +
SCD initiation. SCD patients had shorter CRRT duration (6 [3, 11]
vs. 10 [5, 18] days, p = 0.013) and shorter ICU length of stay (LOS)
in survivors (16 [11, 25] vs. 27 [16, 46] days, p = 0.012). Survival to
ICU discharge or day 60 was 94% in the SCD cohort vs. 74% in the
CRRT cohort (p = 0.079). A Bayesian analysis demonstrated
a >99% probability of improved survival with SCD. A sub-analysis
in septic patients demonstrated greater survival (100% vs. 69%,
p = 0.032), shorter CRRT duration (5 [3, 7] vs. 11 [6, 17] days, p =
0.006) and reduced ICU LOS in survivors (21 [10, 25] vs. 27 [16, 45]
days, p = 0.027) in SCD-treated patients. Conclusions: The ad-
dition of SCD therapy in children with AKI and MODS receiving
CRRT may be beneficial, though larger prospective studies are

needed. © 2025 The Author(s).
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Introduction

Acute kidney injury (AKI) is common in the ICU, with
recent data suggesting 1 in 3 critically ill children develop
AKI [1]. Characterization of AKI epidemiology has also
revealed its independent association with poor outcomes,
including increased risk of death with worsening severity [1].
Because there are no disease-modifying therapies, continu-
ous renal replacement therapy (CRRT) is a potentially life-
saving bridge to recovery; however, it does not modify the
underlying pathophysiology. As a result, outcomes for
children receiving CRRT are poor, with associated morbidity
and mortality rates nearing 50% [2-5]. There is a need to
identify therapies that improve outcomes for this population.

The selective cytopheretic device (SCD) is a cell-directed
extracorporeal therapy that targets activated leukocytes, a
key driver of the inflammatory process involved in de-
veloping AKI and other organ failures in critical illness
(online suppl. Figure 1; for all online suppl. material, see
https://doi.org/10.1159/000549111) [6-9]. It recently re-
ceived a Humanitarian Device Exemption from the US
Food and Drug Administration for the treatment of
patients >10 kg and <22 years of age with AKI due to sepsis/
sepsis-like condition receiving CRRT (QUELimmune™).
Pediatric studies have demonstrated the safety and probable
efficacy of the SCD, including 77% survival and 100% renal
recovery in survivors [7, 8]. A recent comparison of chil-
dren with AKI and multiple organ dysfunction (MODS)
receiving CRRT+SCD to a historical cohort receiving
CRRT alone (Prospective Pediatric CRRT Registry,
2001-2005) demonstrated a 98% probability of improved
survival with SCD [8]. However, a more contemporary
comparison is needed. We leveraged the Worldwide Ex-
ploration of Renal Replacement Outcomes Collaborative in
Kidney Disease (WE-ROCK) registry to compare outcomes
between critically ill children with AKI and MODS re-
ceiving CRRT+SCD to those receiving CRRT alone.

Methods

Study Design

We compared two cohorts of critically ill children with
AKI and MODS receiving CRRT + SCD. The SCD cohort is
comprised patients from two prospective studies (SCD-
PED-01: NCT02820350, SCD-PED-02: NCT04869787)
performed at four US centers from 2016-2022. The CRRT
cohort was derived from a multicenter registry (WE-ROCK)
of patients receiving CRRT for AKI and/or fluid overload
from 2015-2021. Methodologic details from these studies
have been published and are summarized in online sup-
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plementray Methods [7, 8, 10]. The Institutional Review
Board (IRB) at each center approved SCD-01/SCD-02 with
a requirement for written informed consent (online suppl.
Material 1). For WE-ROCK, each site received IRB approval
with a waiver of informed consent (online suppl. Material 2).
Personnel adhered to the ethical standards outlined in the
1975 Declaration of Helsinki and its later amendments.

Patient Selection

Patients were eligible for inclusion in SCD-PED-01/SCD-
PED-02 if they were >10 kg, <22 years of age, had Kidney
Disease Improving Global Outcomes-defined AKI [11] and
MODS (additional requirement of invasive mechanical
ventilation or a continuous vasoactive infusion), and were
receiving CRRT as part of clinical care [7, 8]. For this study,
all were included in the SCD cohort unless they were re-
ceiving extracorporeal membrane oxygenation, a WE-
ROCK exclusion. CRRT cohort inclusion/exclusion criteria
were selected to align with the SCD cohort. Patients were
included if they were >10 kg, <22 years old, treated at a US
center, had MODS at CRRT initiation, and CRRT duration
was >3 days; they were excluded if they had an active
malignancy, history of transplant, or had missing data
(online suppl. Figure 2). No patients in the CRRT cohort
received SCD. Full inclusion/exclusion criteria for parent
studies are listed in online supplementary Methods.

Outcomes and Definitions

The primary outcome for was survival to ICU dis-
charge or day 60 (whichever came first), chosen based on
data availability across studies. Secondary outcomes
included CRRT duration, ICU length of stay (LOS), and
90-day dialysis dependence in survivors. A subgroup
analysis was performed in patients with sepsis. Further
details are outlined in online supplementary Methods.

Statistical Analysis

Demographics, clinical characteristics, and outcomes
were described using medians, interquartile ranges, fre-
quencies, and percentages. Comparisons were performed
using Wilcoxon rank-sum, chi-square, or Fisher’s exact test.
Multivariable logistic regression was performed to assess the
association between SCD treatment and the primary out-
come after adjustment for a priori selected covariates (age,
sex, severity of illness by Pediatric Risk of Mortality [PRISM]
III Score [12], and use of vasoactives at CRRT+SCD ini-
tiation). Bayesian logistic regression was used to estimate the
probability that the log odds of the primary outcome in the
SCD cohort exceeded that observed in the CRRT cohort
(online suppl. Methods) [8]. All analyses were performed
using R (version 4.4.2; brms package version 2.22.0).
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Table 1. Clinical characteristics and outcomes of patients with acute kidney injury treated with CRRT in the
WE-ROCK cohort compared to the SCD cohort (CRRT+SCD)

Variable CRRT only (n =178) SCD (n =18) p value
Demographics and admission characteristics

Age, years 13.3 (5.4, 16.5) 9.7 (4.3,15.8) 040
Sex (male), n (%) 83 (47) 12 (67) 0.11
Weight, kg 42 (19, 67) 30 (17, 68) 0.73
PRISM 1lI 14 (11, 19) 10 (7, 14) 0.002
CRRT£SCD start characteristics

Sepsis at CRRT start (yes), n (%) 105 (59) 11 (61) 0.86
Fluid accumulation at CRRT start, % 10 (4, 21) 7 (3, 15) 0.42
Time from ICU admit to CRRT start, days 2(1,6) 3(1,5) 0.99
IMV at CRRT start (yes), n (%) 131 (88) 17 (94) 0.70
Vasoactive(s) at CRRT start (yes), n (%) 136 (77) 11 (61) 0.16
Outcomes

Total CRRT duration, days 10 (5, 18) 6 (3,11 0.013
ICU length of stay (survivors), days 27 (16, 46) 16 (11, 25) 0.012
Survival to ICU discharge or day 60 (yes), n (%) 132 (74) 17 (94) 0.079
Day 90 dialysis dependence (survivors) (yes), n (%) 21 (17) 0 (0) 0.075

Continuous variables presented as median (IQR). PRISM llI, Pediatric Risk of Mortality Il Score; CRRT,
continuous renal replacement therapy; IMV, invasive mechanical ventilation.

Results

Eighteen patients were included in the SCD cohort and
178 in the CRRT cohort (online suppl. Figure 2). There
were no demographic differences between cohorts, though
CRRT patients had higher PRISM III at ICU admission
(Table 1). CRRT + SCD initiation occurred a median
of >2 days from ICU admission in both cohorts and there
were no differences in clinical characteristics at that time
(Table 1). The SCD cohort had shorter duration of CRRT
(6 [3,11] vs. 10 [5, 18] days, p = 0.013), shorter ICU LOS in
survivors (16 [11, 25] vs. 27 [16, 46] days, p = 0.012), and
94% survival to ICU discharge or day 60 (vs. 74% in WE-
ROCK cohort, p = 0.079) (Table 1). There was no dif-
ference in day 90 dialysis dependence, though all surviving
SCD patients were dialysis independent at day 90 (Table 1).

On multivariable regression, receipt of SCD was not
independently associated with survival to ICU discharge or
day 60 (Table 1). Given the small sample size, we undertook a
Bayesian logistic regression analysis for the primary outcome
(online suppl. Table 2). The distribution of the predicted
probabilities for the primary outcome obtained from the
posterior samples is shown in Figure 1. The log odds of
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surviving to ICU discharge or day 60 for the SCD cohort was
greater than the CRRT cohort in >99% of the posterior
samples, though the credible interval was wide suggesting
uncertainty of the model (online suppl. Table 2).

A subgroup analysis of patients with sepsis at CRRT +
SCD initiation is shown in online suppl. Table 3. Septic
SCD patients (n = 11) had lower PRISM III but initiated
CRRT a median of 4 days (IQR 2-5) from ICU admission;
no differences existed between cohorts at CRRT + SCD
start. Septic SCD patients had greater survival to ICU
discharge or day 60 (100% [n = 11] vs. 69% [n = 72], p =
0.032), shorter duration of CRRT (5 [3, 7] vs. 11 [6, 17]
days, p = 0.006) and shorter ICU LOS in survivors (21 [10,
25] vs. 27 [16, 45] days, p = 0.027). Multivariable re-
gression was not undertaken given the small sample size.

Discussion

In this contemporary comparison of children with AKI
and MODS receiving SCD to those receiving CRRT alone,
we demonstrate possible benefits from SCD therapy.
While there were no differences seen in survival to ICU
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Fig. 1. Predicted probabilities of survival to ICU discharge or day
60. Predicted probabilities of survival to ICU discharge or day 60
obtained from the posterior samples for the SCD (blue) and
CRRT (WE-ROCK) (red) cohorts. The CRRT cohort (WE-
ROCK) (red) and the SCD cohort (blue) exhibit distinct distri-

discharge or day 60 between cohorts employing tradi-
tional statistical techniques, SCD-treated patients had a
greater probability of this outcome on Bayesian analysis.
SCD-treated patients also had shorter CRRT duration and
ICU LOS in survivors, and these associations appeared
stronger when only sepsis patients were analyzed.
However, the small number of patients treated with the
SCD and potential differences in illness severity between
cohorts necessitates caution in interpretation of these
findings and highlights the need for larger studies.

Our study contributes to a growing body of literature
suggesting potential benefits of SCD in critically ill pa-
tients [6-8, 13-15]. Mechanistically, the SCD selectively
targets highly activated neutrophils and monocytes in the
low-shear and low-ionized calcium environment of the
device, deactivating, and reprogramming neutrophils for
apoptosis while shifting monocytes to a less inflamma-
tory, more reparative phenotype [14, 16] (online suppl.
Figure 1). This cell-directed immunomodulatory effect is
thought to promote organ recovery and is distinct from
other extracorporeal CRRT adjuncts like cytokine ad-
sorption filters. Similarly, pharmacological therapies are
being studied for modulation of inflammation in pediatric
MODS due to the previously demonstrated benefit of this
approach [17]. Larger studies are needed to substantiate
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butions, with the SCD cohort demonstrating a higher concen-
tration of probabilities near 1.0, suggesting a greater likelihood of
survival. The overlapping regions indicate areas of shared
probability ranges, while the differences in peak density highlight
variations in predicted outcomes between cohorts.

these findings and explore the short- and long-term
immunomodulatory effects of the SCD more
comprehensively.

This study is limited by the small sample size and sparse
data availability of the SCD cohort, with the former im-
pacting power and validity and the latter likely resulting in
unmeasured differences between cohorts. As a result, these
findings should be viewed as preliminary and the basis for
larger studies. Specifically, the reliance on admission
PRISM III as a measure of illness severity (as opposed to
something more proximate to CRRT * SCD therapy)
should be addressed in future studies, which may allow for
more rigorous statistical techniques like propensity
matching. While the SCD studies’ inclusion/exclusion
criteria were applied to generate the CRRT cohort, it is
possible that sicker patients who would not have been
included in the SCD studies were inadvertently included in
this analysis given the retrospective nature of WE-ROCK,
biasing toward improved survival with SCD. Future pro-
spective studies with more proximate markers of illness
severity at the start of therapy (i.e., PELOD-2) should be
performed to validate these findings. Importantly, these
studies include only patients from resource-rich envi-
ronments that offer CRRT, limiting generalizability to
centers where this is unavailable. Our study is strengthened
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by the fact that the cohorts received CRRT during the same
era, reducing the likelihood that temporal differences in
ICU care differentially impacted outcomes.

Conclusions

In children with AKI and MODS receiving CRRT, the
addition of SCD therapy may be beneficial. Larger,
rigorously designed prospective studies are needed to
validate these findings.
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