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Our objective is to evaluate intravenous (IV) fluid prescription practice patterns in
critically ill children in the first 72 hours of pediatric intensive care unit (PICU) admission
and to evaluate the incidence and predictors of hyperchloremic metabolic acidemia
(HCMA) and the association between HCMA and adverse outcomes. This retrospective
cohort study was conducted in two tertiary-care Canadian PICUs. Children aged 0 to 18
years admitted to the PICU between January 2015 and January 2016 who received at
least 50% of their calculated maintenance fluid requirements parenterally during the
first 24 hours of admission were included. Children with known preexisting conditions
associated with HCMA, such as renal tubular acidosis and gastrointestinal bicarbonate
losses, were excluded. Of the 771 children screened, 543 met eligibility criteria and
were included. The commonest prescribed maintenance fluid was 0.9% NaCl (72.9%)
followed by lactated Ringer’s solution (19.6%) and hypotonic solutions (4.6%). Balanced
salt solutions (i.e., lactated Ringer’s and Plasma-Lyte) were as commonly administered
as unbalanced solutions (0.9% NaCl) for volume expansion (49.6 vs. 48.5%, respective-
ly). Medications contributed to a significant proportion of total daily intake, in excess of
bolus fluids. The incidence of hyperchloremia and HCMA was 94.9% (95% confidence
interval [Cl]: 93.2-96.9; 470/495) and 38.9% (95% Cl: 34.6-43.2; 196/504), respec
tively. Predictors of HCMA were increasing combined bolus and maintenance 0.9% NaCl
intake (odds ratio: 1.13; 95% Cl: 1.04-1.23) and increasing severity of illness. HCMA
was not associated with an increased risk of acute kidney injury, feeding intolerance, or
PICU-acquired weakness. Isotonic fluids, specifically 0.9% NaCl, were the most
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commonly administered maintenance IV fluid in critically ill children. Sources of
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unbalanced salt solutions.

Introduction

Hypotonic solutions were widely accepted as the intrave-
nous (IV) maintenance fluid of choice in children
older than 50 years,1'2 until more recent evidence dem-
onstrated a clear association between the use of hypo-
tonic fluids and iatrogenic hyponatremia related
morbidity and mortality.z‘4 Consequently, isotonic solu-
tions are now recommended by a number of practice
guidelines as a safer and more appropriate empiric IV
maintenance fluid choice in children.> Whether this has
translated into a change in practice and a subsequent
reduction in the incidence of iatrogenic hyponatremia
remains unclear.®’

Although hospital-acquired hyponatremia may be re-
duced by isotonic fluids, there are growing concerns of
iatrogenic hyperchloremia. There is emerging evidence in
both adult and pediatric populations that hyperchloremia
is increasingly common and may be associated with ad-
verse outcomes in critically ill patients.®°> Hyperchloremia
has been reportedly associated with acute kidney injury,
coagulopathy, gastrointestinal dysfunction, and even in-
creased mortality in critically ill adults and children.>1%1
More recent fluid debates have therefore been focused on
whether chloride-rich solutions, such as 0.9% NaCl, worsen
patient outcomes through the increased risk of hyper-
chloremic acidosis and whether physiologically balanced
salt solutions such as lactated Ringer’s or Plasma-Lyte may
ameliorate this harm.® Previous studies have concluded
that the primary source of chloride load is attributed to
volume resuscitation.'® However, we hypothesized that in
children, maintenance IV fluids and fluid from medication
infusions (i.e., fluid creep) may contribute a significant
chloride load.

Our primary objective in this retrospective cohort study of
critically ill children was to assess current IV fluid prescrip-
tion practice patterns in the first 72 hours of pediatric
intensive care unit (PICU) admission. Our secondary objec-
tives were to determine the incidence and predictors of
hyperchloremia and hyperchloremic metabolic acidemia
(HCMA) and to evaluate the association between HCMA
and specific adverse events such as acute kidney injury,
feeding intolerance, PICU-acquired weakness, coagulopathy,
and mortality.

chloride load are not isolated to resuscitation fluids as previously suggested. Mainte-
nance fluids and fluids administered with medications and IV flushes (fluid creep) are
under-recognized significant sources of fluid and electrolyte intake in critically ill
children. HCMA is common, and further prospective research is required to determine
whether HCMA is indeed harmful in children. However, all significant sources of fluid
should be accounted for in the design of future trials comparing balanced and

Materials and Methods

Study Design and Participants

We conducted this retrospective cohort study at the PICUs of
McMaster Children’s Hospital in Hamilton, Ontario, Canada
(site 1), and Stollery Children’s Hospital in Edmonton,
Alberta, Canada (site 2). It was approved by the institutional
research ethics boards at both institutions, and the need for
informed consent was waived. We included consecutive
children younger than 18 years who were admitted to the
PICUs at these centers between January 1, 2015, and Janu-
ary 31, 2016, and who received 50% or more of their
calculated total maintenance fluid requirements parenteral-
ly during the first 24 hours of admission. We excluded
patients with a known preexisting condition associated
with hyperchloremia and/or HCMA (i.e., renal tubular acido-
sis and gastrointestinal bicarbonate losses). Data were ab-
stracted from electronic patient medical records from both
study sites for the first 72 hours of PICU admission or until
2 days after the resolution of HCMA. The data collected
included baseline demographic information (age, gender,
weight, reason for admission); severity of illness as indicated
by the Pediatric Risk of Mortality III (PRISM III) and Pediatric
Logistic Organ Dysfunction-2 (PELOD-2) scores'?'3; fluid
sources, type, and volume during the first 72 hours of PICU
admission; daily biochemical (electrolytes, acid-base varia-
bles) and hematological values; and clinical outcomes
(occurrence of potential HCMA-associated morbidities, as
well as mortality and length of hospital/PICU stay).

Outcomes Measures

The primary outcome was IV fluid prescription patterns during
the first 72 hours of PICU admission. Solutions were catego-
rized as isotonic, near isotonic, and hypotonic according to
their concentration of sodium relative to that of human
serum (=Table 1). Balanced crystalloids contain chloride con-
centrations close to that of plasma (i.e., lactated Rings and
Plasma-Lyte), whereas unbalanced crystalloids contain supra-
physiological chloride content (i.e., 0.9% NaCl). Secondary out-
comes of interest were the incidence and predictors of
iatrogenic hyperchloremia and HCMA, and the association
between HCMA and the following reported adverse events:
acute kidney injury, gastrointestinal dysfunction, new-onset
coagulopathy, PICU-acquired muscle weakness occurring at
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Table 1 Intravenous fluid contents

IV fluid Sodium | Chloride | Tonicity
(mEg/L) | (mEq/L)

0.9% NaCl 154 154 Isotonic

Plasma-Lyte 140 98 Isotonic

Lactated Ringer’s 130 109 Near isotonic

0.45% Nacl 77 77 Hypotonic

Abbreviation: 1V, intravenous.

any time in a patient with concurrent HCMA up until 2 days
following the resolution of HCMA, and/or PICU mortality. These
adverse events were chosen as they are reported in the litera-
ture to be associated with HCMA.'4"'® Hyperchloremia was
defined as a serum chloride of >107 mmol/L.'%?% HCMA was
defined as hyperchloremia associated with a metabolic acid-
emia (serum pH of <7.35 and bicarbonate of <23 mmol/L and/
or a base deficit of >5 mEq/L)."* Acute kidney injury was
defined by the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria for acute kidney injury.?! Gastrointestinal
dysfunction was defined as feeding intolerance requiring with-
holding of feeds at any time during the study period. Coagul-
opathy was identified using PELOD-2 cutoffs for this system
and/or evidence of any major bleeding events.'? PICU-acquired
weakness was defined according to previously established
clinical criteria.??

Sample Size

We powered this study to enable the evaluation of the
predictors of HCMA, our secondary outcome. Based on
existing evidence, we hypothesized the following six poten-
tial predictors for HCMA: 0.9% NaCl as the first maintenance
fluid, increasing total volume intake of 0.9% NaCl, increasing
severity of illness (as measured by PRISM III scores), age,
surgical patients, and study site.®'#17:23 Using the basic rule
of thumb for logistic regression models, we required at least
10 to 12 events (i.e., 60-70 patients with HCMA) per degree
of freedom for stable models.’* Based on the available
evidence, we conservatively estimated an HCMA incidence
in the range of 7 to 10%%° and calculated that a sample size of
700 patients would provide us with an ability to evaluate the
aforementioned six predictors in the planned multivariable
analysis. Following a preliminary analysis that revealed that
the actual event rate of HCMA was more than 30%, which was
greater than originally anticipated, we revised our sample
size to 500 patients.

Statistical Analysis

Descriptive statistics are used to present patient demographics
and 1V fluid prescription practice patterns, using counts and
percentages for categorical variables, and medians and inter-
quartile ranges (IQRs) for non-normal continuous variables.
The incidences and corresponding 95% confidence intervals
(CIs) are presented for hyperchloremia and HCMA. Unadjusted
and adjusted logistic regression analyses were conducted to
identify predictors of HCMA on the first day of PICU admission
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and presented as odds ratios (ORs) along with the 95% CI.
Collinearity between PRISM III and total volume of isotonic
fluids was assessed using the variance inflation factor (VIF).26
Lastly, unadjusted logistic regression analyses were performed
to explore the relationship between HCMA and the adverse
events listed above. Statistical significance was determined by
p < 0.05 for all tests.

Results

Patient Characteristics

We screened a total of 771 patients, of whom 543 patients
were included in the analyses. Of the 228 excluded patients,
124 were receiving less than 50% of their maintenance fluid
requirements parenterally, 13 had pre-existing conditions
associated with hyperchloremia or HCMA, and 91 had miss-
ing medical record data required for data abstraction. De-
mographic and baseline characteristics of these patients are
presented in =Table 2. The median (IQR) age of the popula-
tion was 68 (17,160) months, and 307 (56.5%) were males.

Intravenous Fluid Prescription Practices

Maintenance IV fluid prescriptions over the first 72 hours of
admission are displayed in =Fig. 1. The most commonly
prescribed solution was 0.9% NaCl, comprising 72.9%
(1,476/2,024) of all maintenance fluid prescriptions. Of the
remaining prescriptions, 19.6% (396/2,024) was lactated
Ringer’s solution, 4.6% (92/2,024) was hypotonic solutions,
2.3% (46/2,024) was total parenteral nutrition, and 0.7%
(14/2,024) was dextrose. Plasma-Lyte was not used as a
maintenance fluid.

There were a total of 363 bolus IV fluid prescriptions in
382 patients during the first 72 hours of PICU admission. Of
these, 48.5% (176/363) were 0.9% NaCl, 14.1% (51/363) were
lactated Ringer’s, 35.5% (129/363) were Plasma-Lyte, 1.4%
(5/363) were albumin, and 0.6% (2/363) were categorized as
“other.”

Sources of fluid intake are presented in =Table 3. Of the
total fluid intake by volume on PICU day 1, 49.2% was from
maintenance IV fluids. As expected, the proportion of total
fluid intake from maintenance IV fluids falls with each PICU
day as oral intake increases. The contribution of fluid from
medications was greater than bolus fluid intake on each day
and increased daily from 21.9% of the total intake on PICU
day 1 to 27.4% by PICU day 3. Medication fluid volumes
(5,965 mL) approximated that of maintenance IV fluids
(5,668 mL) by PICU day 3.

Hyperchloremia and Hyperchloremic Metabolic
Acidemia

Chloride levels were available for 495 of the 543 included
patients. The overall incidence of hyperchloremia and HCMA
in the first 72 hours of PICU admission was 94.9% (95% Cl:
93.2-96.9) and 38.9% (95% Cl: 34.6-43.2), respectively. Of
the 470 patients with hyperchloremia (defined as serum
chloride > 107 mmol/L), 373 (79.4%) had chloride levels
> 110 mmol/L. The median (IQR) chloride levels in the study
cohort were 112 (109, 116) mmol/L on PICU day 1, 112 (108,
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Table 2 Demographics and clinical variables
Characteristics Total, n =543 Site 1, n=326 Site 2, n=217
Age (mo); median (IQR) 68 (17,160) 83 (23,169) 54 (14,144)
Male; n (%) 307 (56.5) 178 (54.6) 129 (59.4)
Primary reason for admission, n (%)
Medical: 370 (68.6%)
Respiratory failure 147 (27.2) 94 (29.0) 53 (24.4)
Neurologic 60 (11.1) 36 (11.1) 24 (11.1)
Endocrine 35 (6.5) 25(7.7) 10 (4.6)
Sepsis 32 (5.9) 12 (3.7) 20 (9.2)
Poisoning/overdose 25 (4.6) 12 (3.7) 13 (6.0)
Other® 71 (13.3) 57 (17.6) 14 (6.5)
Surgical 141 (26.06) 71 (21.9) 70 (32.3)
Trauma 32 (5.9) 19 (5.9) 13 (6.0)
Preexisting comorbidity, n (%) 252 (46.6) 126 (38.9) 126 (58.1)
PRISM IIl score on admission, median (IQR) 4(1,8) 4 (0,8) 4(2,8)
PELOD 2 score on the day of admission, median (IQR) 8 (4,11) 6 (4,9) 9 (5,12)

Abbreviations: PRISM lll, Pediatric Risk of Mortality Ill, PELOD 2, Pediatric Logistic Organ Dysfunction 2, IQR, interquartile range.
?Other includes cardiac, malignancy, gastrointestinal, metabolic, nephrological, and other.
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t 20+ 15.4 1
S 10 l
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PICU Day

Fig. 1 Maintenance intravenous fluid prescriptions over the first
72 hours of admission. PICU, pediatric intensive care unit.

116) mmol/L on PICU day 2, and 109 (105, 113) mmol/L on
PICU day 3. The prevalence of hyperchloremia and HCMA
decreased daily during this period (~Fig. 2), as did the rate of
new cases of hyperchloremia (81.8% on PICU day 1, 52% on
PICU day 2, and 23.3% on PICU day 3) and HCMA (33.7% on
PICU day 1, 7.6% on PICU day 2, 3.1% on PICU day 3).

Predictors of Hyperchloremic Metabolic Acidemia

Multivariable logistic regression analysis demonstrated that
independent predictors of developing HCMA were increasing
total IV fluid intake (combined bolus and maintenance
fluids) of 0.9% NaCl (OR: 1.13; 95% CI: 1.04-1.23) and
increasing severity of illness (~Table 4). Sensitivity analysis
assessing increasing volumes of 0.9% NaCl intake as a main-

tenance fluid only revealed that this was not an independent
risk factor for developing HCMA (OR 1.10; 95% CI 0.99-1.23,
p =0.07). We assessed collinearity between PRISM III scores
and the total volume of 0.9% NaCl intake and found a variance
inflation factor of 1, indicating very low collinearity between
the two variables.

Association between HCMA and Clinical Outcomes
Using unadjusted logistic regression analyses, we found that
HCMA was not associated with an increased risk of acute
kidney injury (OR: 1.35; 95% CI: 0.92-1.97), gastrointestinal
dysfunction (OR: 1.00; 95% CI: 0.52-1.94), or PICU-acquired
muscle weakness (OR: 0.57; 95% CI 0.15-2.14). Bleeding
events (n=2) and 30-day mortality (n=4) could not be
assessed because the event rates were too low.

Discussion

While the debate of the previous decades focused on hypo-
tonic versus isotonic maintenance fluids3* the current
debate centers around balanced versus unbalanced salt
solutions fueled by emerging evidence suggesting an associ-
ation between hyperchloremia and adverse patient out-
comes.'* 8 It is currently unclear whether the incidence
of hyperchloremia and HCMA in critically ill children is rising
over time, as previous studies focused primarily on sodium
concentration and fluid tonicity.>™ The primary source of
hyperchloremia in critically ill children therefore has not
been well established. Previous studies have implicated the
use of large volumes of unbalanced, chloride-rich solutions
(i.e., 0.9% NaCl) administered for the purposes of volume
expansion.>'" We hypothesized that there are additional
sources beyond bolus fluids that can contribute to chloride
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Table 3 Total fluid intake by day and type of fluid

PICU day 1 PICU day 2 PICU day 3
Fluid type Total Percentage Total Percentage Total Percentage

volume of daily volume of daily volume of daily

(mL) total (%) (mL) total (%) (mL) total (%)
Maintenance fluids 12,114 49.2 13804 42.6 5,668 26.0
Bolus fluids 4,299 17.5 2,060 6.4 648 2.9
Medications 5,403 21.9 7,963 24.6 5,965 27.4
Oral fluids 1,634 6.6 7,824.7 24.2 9,097 41.8
Blood products 1,180 4.8 744 2.3 400 1.8
Total 24,634 100 32,397 100 21,780 100
Distribution of the total volume of Blood Blood Blood
IV and oral fluids given per day

Oral
MF
Oral
MF Oral
MF
Bolus
Bolus

Abbreviations: Blood, blood products; Bolus, bolus fluid; IV, intravenous; MF, maintenance fluid; Meds, medications; Oral, oral fluid; PICU, pediatric

intensive care unit.

loading in children, and therefore we sought to evaluate the
current fluid prescription practice patterns within two Ca-
nadian PICUs. We also sought to evaluate the incidence and
predictors of HCMA, as well as any potential adverse out-
comes associated with HCMA. The results of this retrospec-
tive cohort study demonstrate the following key findings:
(1) the preferred maintenance fluid is an isotonic and
unbalanced crystalloid (0.9% NacCl), and hypotonic solution
use is now rare; (2) fluid from medications contribute to a
previously unrecognized significant volume load; (3) HCMA

-~ Hyperchloremia

100+ -= HCMA
:g; 81.8 78.1

404 33.7

Prevalence (%)
3

0 T 1
1 2 3
PICU Day

Fig. 2 Prevalence of hyperchloremia and hyperchloremic metabolic
acidemia over the first 72 hours of admission. HCMA, hyperchloremic
metabolic acidemia; PICU, pediatric intensive care unit.
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is common and occurs early in critically ill children; (4) the
key risk factors for the development of HCMA are increasing
0.9% NaCl intake from combined volumes of bolus and
maintenance intake, and increasing severity of illness; and
(5) we did not find any association between HCMA and
adverse clinical outcomes.

Despite more than 15 years of accumulating clinical trial
evidence, systematic reviews, and patient safety alerts warn-
ing of the harms of hypotonic solutions,>™ practice has been
slow to change among pediatricians and clinicians who
perhaps do not routinely care for children.” The results of
this study are consistent with more recent observational
studies, indicating that isotonic solutions are the preferred
maintenance solution, specifically in critically ill children.*
While an unbalanced crystalloid (0.9% NaCl) was the most
commonly used maintenance fluid in our cohort, balanced
crystalloids (i.e., lactated Ringer's) were increasingly used
over time, likely in response to developing hyperchloremia
and HCMA. Although 0.9% NaCl was the preferred mainte-
nance IV fluid, balanced crystalloids (i.e., lactated Ringer’s
and Plasma-Lyte) were as commonly used for volume ex-
pansion as 0.9% NaCl (49.6 vs. 48.5%, respectively).

We hypothesized that the volume of maintenance fluid is
the primary contributor to total fluid volume intake and
hence a potentially greater source of chloride compared with
bolus fluids. We found that an increasing intake of 0.9% NaCl
from combined volumes of bolus and maintenance fluids was
an independent risk factor for the development of HCMA.
0.9% NaCl from maintenance fluids alone did not increase the
risk of HCMA, as this accounted for only half of the total fluid
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Table 4 Predictors of the development of hyperchloremic metabolic acidemia
Variable Multivariable analysis
OR (95% Cl) p-Value

Increasing total volume of 0.9% NaCl (bolus and maintenance)? 1.13(1.04,1.23) 0.004
Maintenance fluid type®

Chloride rich (0.9% NaCl) | 0.87 (0.36, 2.08) 0.76
PRISM Il score categories

0 (0-5 points) Reference

1 (6-10 points) 1.48 (0.83, 2.66) 0.19

2 (11-15 points) 6.43 (2.83, 14.65) <0.001

3 (16-20 points) 3.36 (1.02, 11.02) 0.05

4 (>20 points) 13.19 (4.01, 43.35) <0.001
Study site®

Site 1 0.60 (0.35, 1.01) 0.05

Surgical patients® 1.22 (0.71, 2.09) 0.47
Age®

Neonate (0 to <1 mo) 1.58 (0.18, 14.28) 0.68

Infant (1 mo to 1) 1.15 (0.54, 2.44) 0.72

Child (1-12'y) 0.65 (0.36, 1.18) 0.16

Abbreviations: Cl, confidence interval, PRISM I, Pediatric Risk of Mortality Ill; OR, odds ratio.

?Per increments of 10 mL/kg.

bMaintenance fluid type received on pediatric intensive care unit day 1; reference is combined lower chloride containing solutions (lactated Ringer’s

and hypotonic solutions).

‘Reference is site 2.

dReference is medical patients.

®Reference age group is adolescent (>12 years).

intake on PICU day 1 in this cohort and was reduced daily to
26% by PICU day 3. As there was low collinearity between the
severity of illness scores and the total intake of 0.9% NaCl, we
hypothesize that the risk of HCMA predicted by increasing
PRISM III score categories is explained by renal handling of
the chloride load. Our study also revealed that a significant
source of fluid (and hence exogenous electrolytes) comes
from medications (i.e., IV medication infusions, flushes, and
concentrated electrolyte administration). Medication vol-
umes contributed approximately 25% of total daily volume
intake, exceeding bolus volumes during the study period and
exceeding maintenance volumes by PICU day 3. As the
standard solution for medication diluent is 0.9% NaCl, this
represents an underrecognized source of chloride. Fluids as
drug vehicles and flushes have been coined “fluid creep.”?’
Fluid creep has previously been observed in critically ill
infants and children*; however, little emphasis has been
placed on the significance of its contribution given the
current research focus on restrictive resuscitation and main-
tenance fluid strategies.?%2°

The majority of patients in this study developed hyper-
chloremia within the first 72 hours of PICU admission. Hyper-
chloremia and HCMA have not been well studied in the general
PICU population. Previous studies focused on evaluating
hyperchloremia in specific subsets of critically ill chil-
dren,'%3%37 reporting a 58% incidence in children with septic

shock and 59% of children requiring continuous renal replace-
ment therapy.'%3? Hyperchloremia has been reported to affect
between 17 and 58% of critically ill adults.®32 Our estimates of
hyperchloremia are higher compared with that of previous
studies, which we attribute to our a priori defined cutoff of 107
mmol/L. Given the lack of a standardized definition, we based
our definition of hyperchloremia on established pediatric
reference ranges,'>?® whereas the previous pediatric studies
defined hyperchloremia as a serum chloride of >110 mmol/L.
Nevertheless, we did find a high incidence (75.4%) of hyper-
chloremia using the 110 mmol/L cutoff value in our study
cohort. Combining the presence of acidemia and hyperchlor-
emia, the incidence of HCMA of 38.9% observed in our study
population is similar to that in the study by Abbas et al, who
reported an incidence of 31.1% in their cohort.3'

The mechanism of end-organ dysfunction from hyperchlor-
emia is proposed to be mediated through organ-specific vaso-
constriction, in particular the renal and splanchnic
vasculature?>3334 As metabolic acidosis is associated with
depressed function in multiple organs and increased pulmo-
nary vascular resistance, it is unclear whether the increased
morbidity observed in previous studies is a direct result of
HCMA or due to metabolic acidosis per se.?>* While previous
pediatric studies evaluated the effects of hyperchloremia, we
specifically sought to determine if HCMA was associated with
increased morbidity and mortality. The adverse event rates
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observed in our study were low, and hence we were unable to
draw any conclusions on the effect of HCMA on these outcomes.
While there is evidence in adults from a large, pragmatic,
randomized trial suggesting that balanced crystalloids reduce
the risk of major adverse kidney events through the postulated
mechanism of a reduced chloride load,>® the evidence from
pediatrics to date is currently derived from observational
studies and are therefore not conclusive. Studies by Stenson
etal'®and Barhight et FIE reported worse patient outcomes in
hyperchloremic patients with sepsis and acute kidney injury,
respectively; however, Abbas et al*! did not find an increase in
morbidity in a general medical-surgical PICU population and in
factfound a decrease in mortality in the hyperchloremia group.
Indirect evidence from a Pediatric Health Information System
based study by Emrath et al® suggests improved survival and
reduced acute kidney injury in children with sepsis resuscitat-
ed with balanced fluids.

This is the first to study to our knowledge to evaluate the
incidence, risk factors, and outcomes associated with HCMA
specifically in the general medical-surgical PICU population.
Limitations of this study include the risk of unaccounted
confounding associated with the retrospective observational
design. Our definition of hyperchloremia (serum Cl > 107
mmol/L), while the same as that reported in many similar
studies,® is lower than the 110 mmol/L cutoff of more recent
ICU-based studies and accounts, at least in part, for the high
incidence of hyperchloremia we observed. While we pow-
ered our study to evaluate predictors of HCMA, we acknowl-
edge the potential for imprecision given the relatively small
number of patients, particularly with respect to adverse
outcomes. Finally, our findings are limited to two Canadian
centers and hence may not be generalizable. We are aware
that there are regional differences to the availability of
balanced salt solutions, and this may be the primary influ-
ence on prescription practices.37

Conclusions

In this Canadian study of critically ill children, an unbalanced
salt solution (i.e., 0.9% NaCl) was the most commonly used
maintenance 1V fluid, whereas balanced salt solutions were
as commonly administered as unbalanced solutions for
volume expansion. Sources of chloride load are not isolated
to resuscitation fluids in critically ill children as previously
suggested; maintenance fluids and fluid creep are under-
recognized and substantial sources of fluid intake. HCMA is
common, and further prospective research is required to
determine whether HCMA is indeed harmful in children.
However, all significant sources of fluid should be accounted
for in the design of future trials comparing balanced and
unbalanced salt solutions.
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The study was conducted at McMaster Children’s Hospital
and Stollery Children’s Hospital.
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