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Pediatricians have been at the forefront of recognizing
the deleterious impact of fluid accumulation (FA) in
critical care nephrology.1,2 Single center work identified
the association between the degree of FA at continuous
renal replacement therapy (CRRT) initiation and
increased mortality. Publications have since identified
FA as being associated with adverse outcomes across
clinical settings.3 In 2018 Alobaidi et al. performed a
meta-analysis 44 studies (7507 children) demon-
strating an association of FA with increased mortality,
prolonged mechanical ventilation, and acute kidney
injury (AKI).4

Victoria Carneiro Lintz and colleagues provide an
expansive update of this meta-analysis, including 120
studies and 44,682 patients, highlighting the deleterious
impact of FA.5 This meta-analysis shows a clear associ-
ation between FA with increased mortality (odds ratio
[OR] 4.36; 95% confidence interval [CI] 3.53–5.38), AKI
(OR 1.98; 95% CI 1.60–2.44), mechanical ventilation
(weighted mean difference [WMD] 38.1 h, 95% CI
19.35–56.84), and intensive care unit length of stay
(WMD 2.29 days; 95% CI 1.19–3.38). Based on these
findings and the published literature, FA leading to the
pathologic state of fluid overload (FO) in a variety of
clinical scenarios is independently associated with
adverse outcomes.

As with all meta-analyses based on observational
studies, the lack of randomisation and associative na-
ture of the findings must be considered when inter-
preting the data. However, an important strength of the
work by Linz and colleagues is the study size, including
over three-times more studies than any previous meta-
analysis. The generalisability of these findings is also
important to consider. As the authors point out, the
current literature often treats FA as a static process or
threshold that is generalisable. In clinical care, FA is a
dynamic process impacted by many factors including
but not limited to response to interventions, change
over time, pathophysiology, disease severity, and
timing. Linz and colleagues5 accounted for these as-
pects where feasible, but this remains an important
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limitation of publications on FA. These factors warrant
further investigation and future studies should account
for these.

In the early studies on FA, authors utilized the term
fluid overload to describe the degree of FA at CRRT and
its association with increased mortality.1,3 Although
appropriate in this setting as patients were being placed
on CRRT, subsequent studies often used the term FO
indiscriminately to describe positive fluid balance. As
Lintz et al. report, utilizing the terminology in this
manner introduces a bias that all states of positive fluid
balance are deleterious. In 2021, the 26th Acute Disease
Quality Initiative (ADQI) conference proposed unbiased
terminology to objectively describe fluid status in sick
children: daily fluid balance, cumulative fluid balance,
and percent cumulative fluid balance.6,7 This terminol-
ogy is similar in nature to the use of “fluid accumula-
tion” by Linz and colleagues. The 26th ADQI defined
FO as “a pathologic state of positive fluid balance asso-
ciated with a clinically observable event(s), which may
vary by age, case-mix, acuity, and phase of illness”.
This terminology is similar to “fluid accumulation
syndrome6”.

In the past FA has classically been thought of in
terms of thresholds and associated outcomes. While
this work has been important in identifying FA as
clinically meaningful and potential target for inter-
vention, it does not account for the dynamic nature of
FA. These studies of FA rarely accounted for the
timing, trajectory, or response to therapy. Linz and
colleagues highlighted the importance of this when
they showed the association of “early FA” with
increased mortality (OR 7.93 for 5% and 8.77 for 10%
within 24 h). This concept was highlighted in a recent
secondary analysis of 5079 children across 32 centers
which evaluated the impact of varying fluid accumu-
lation thresholds (≥5% or ≥10%) as various timepoints
(end of ICU Day 1 and Day 2) and outcomes.8 These
studies highlight future directions in understanding
the dynamic nature of FA and the impact of both
threshold and timing on outcomes.5,8

To continue to move the field forward we must better
understand the potentially modifiable iatrogenic contri-
butions to FA.9 The future of AKI and fluid management
will most likely include a dynamic process incorporating
risk stratification, biomarkers, functional testing (furose-
mide stress test), and early intervention. A model for this
1

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:selewski@musc.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2024.102827&domain=pdf
https://doi.org/10.1016/j.eclinm.2024.102827
https://doi.org/10.1016/j.eclinm.2024.102827
https://doi.org/10.1016/j.eclinm.2024.102827
http://www.thelancet.com


Comment

2

is embodied in the Trial in AKI using NGAL and Fluid
Overload to optimize CRRT Use (TAKING FOCUS 2).10

The current study will provide important data to inform
future trials and interventional studies.

For the clinician, Linz and colleagues raise some
important points. Importantly, while FA is associated
with adverse outcomes the thresholds for FO likely
differ pathophysiology, timing, and disease trajectory.
Understanding the timing and transitions of the
phases of fluid management and the expected re-
sponses to interventions aimed at the mitigation of
FA is important. Critically, continued FA and the
development of FO is associated with adverse out-
comes. In treating the patient at the bedside clini-
cians can use this data to understand thresholds,
trends in FA, and expected response to therapy that
should trigger escalation or de-escalation of in-
terventions to mitigate FA.

In summary, Linz and colleagues5 further delineate
and strengthen the association between FA and
adverse outcomes. As the field continues to move
forward, it will remain important to use unbiased
terminology and move past thinking of FA simplisti-
cally as a threshold. Future areas for study will
include better understanding the sources of FA, the
dynamic nature of FA (timing and trajectory),
sequential risk stratification, and the impact of the
response to intervention.
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