Intensive Care Med (2018) 44:2004-2005
https://doi.org/10.1007/s00134-018-5368-5

LETTER

Hyperchloremia is associated with acute
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Dear Editor,

Hyperchloremia is associated with increased mortality
and organ failures in pediatric septic shock patients [1]
and associated with increased rates of acute kidney injury
(AKI) in adults [2]. It is currently unknown whether AKI
is associated with hyperchloremia in pediatric patients,
and whether AKI contributes to the higher rate of organ
failures seen previously [1]. This hyperchloremia is often
attributed to the use of unbalanced crystalloids, such as
0.9% sodium chloride, which has been associated with
increased rates of AKI [2, 3]. We tested the hypothesis
that hyperchloremia is independently associated with
AKI in pediatric patients with septic shock.

We performed a retrospective analysis of a pediatric
septic shock database that included 619 children from 29
pediatric intensive care units (PICUs) between 2002 and
2015. We considered the minimum, maximum, and mean
chloride values within the first 7 days of PICU admission
as separate hyperchloremia variables. We considered
hyperchloremia as a dichotomized variable defined a
priori as a serum concentration > 110 mmol/L. We used
multivariable logistic regression to determine the asso-
ciation between hyperchloremia variables and outcomes,
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after adjusting for illness severity and age. Further details
of our methods are provided in Supplement 1 and have
been documented previously [1].

Our primary outcome variable was day 3 AKI, defined
as KDIGO (Kidney Disease: Improving Global Out-
comes) stage 2 or 3. The timing of day 3 AKI was cho-
sen because most PICU patients with AKI will develop
AKI by day 3, and this allows enough time for develop-
ment of severe AKI and for “pre-renal” increased creati-
nine to improve [4]. Baseline creatinine was estimated in
two different ways as subjects did not have baseline data
(Supplement).

There were 125 subjects (20%) with AKI. Subjects with
AKI were younger and had higher PRISM III scores (Sup-
plemental Table 1). There were 42 subjects (7%) with a
minimum chloride >110 mmol/L, 117 subjects (19%)
with a mean chloride >110 mmol/L, and 359 subjects
(58%) with a maximum chloride > 110 mmol/L. Table 1
shows that minimum chloride > 110 mmol/L was asso-
ciated with increased odds of AKI (OR 2.4; 95% CI 1.2—
4.9; p=0.014). Sensitivity analysis based on the method
for estimating baseline creatinine shows similar findings
(Table 1). Further analyses using the first 3 days of chlo-
ride values and the resulting minimum, maximum, mean,
or change in chloride values are shown in Supplemental
Tables 2 and 3.

The development of persistent hyperchloremia dur-
ing septic shock, as suggested by a minimum chlo-
ride >110 mmol/L, is independently associated with
AKI. This further clarifies the association between
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Table 1 Multivariable logistic regression testing for an association between hyperchloremia and KDIGO AKI stage 2-3
onday 3

All (h=619) Minimum Cl> 110 24 1.2-49 0.014
PRISM 1.1 1.0-1.1 <0.001
Age 09 09-1.0 0.009
Mean CI>110 1.8 1.1-2.9 0014
PRISM 1.1 1.0-1.1 <0.001
Age 09 09-1.0 0.012
Height-based estimated creatinine (n=172) Minimum CI> 110 40 13-12.3 0.016
PRISM 1.0 1.0-1.1 0.196
Age 1.0 0.9-1.1 0.630
Mean CI>110 3.0 1.2-7.1 0.015
PRISM 1.0 1.0-1.1 0.177
Age 1.0 09-1.1 0.594
Age- and gender-based estimated creatinine (n=447) Minimum CI>110 24 1.1-52 0.022
PRISM 1.0 1.0-1.1 <0.001
Age 1.0 09-1.0 0.01
Mean ClI>110 1.8 1.1-29 0.026
PRISM 1.1 1.0-1.1 <0.001
Age 09 0.9-0 0.012

Adjusted for PRISM Il scores and age
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