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Abstract

Background The administration of hypotonic saline solution
for maintenance intravenous fluid (IVF) therapy has been the
standard of care, but recent evidence has shown this treatment
to be associated with hyponatremia-related complications.
The aim of this systematic review was to determine which
IVF, i.e., a hypotonic or an isotonic saline solution, poses less
risk for the development of hyponatremia among hospitalized
children who require maintenance IVF therapy.

Methods Medline, Cochrane Library, LILACS, Current
Controlled Trials, reference lists, and abstract proceedings
were searched for randomized controlled trials (RCTs) com-
paring hypotonic and isotonic saline solutions for mainte-
nance IVF therapy in hospitalized children. Two reviewers
independently assessed all potentially relevant studies and
subsequently extracted data and evaluated the methodological
quality of the RCTs. Studies were then combined and ana-
lyzed using a random effects model.

Results Eleven RCTs met the inclusion criteria. Our analysis
of these 11 RCTs showed that among hospitalized children
receiving maintenance IVF therapy, isotonic solutions signif-
icantly decreased the risk of developing hyponatremia [rela-
tive risk (RR) 0.50, 95 % confidence interval (CI) 0.40—0.62]
without significantly increasing the risk for hypernatremia
(RR 0.83, 95 % CI1 0.41-1.67).

Conclusions Current evidence does not support the standard
practice of prescribing a hypotonic saline solution as mainte-
nance IVF therapy to hospitalized children. Although there is
no single IVF composition ideal for all children, an isotonic
saline solution does appear to be the safer choice when main-
tenance IVF therapy is used in the general pediatric
population.
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Introduction

Hyponatremia, defined as a plasma sodium (pNa) concentra-
tion of<135 mmol/L, is the most common electrolyte abnor-
mality seen in hospitalized children [1]. The initial symptoms,
including headache, nausea, and general malaise, are non-
specific, making early recognition difficult and depending
on severity, patients may subsequently develop seizures and
progress to coma and even death [2].

Since the 1980s, there have been more than 50 reports of
death or permanent neurologic injury secondary to
hyponatremic encephalopathy [3]. This condition has received
much interest due to a steady accumulation of evidence in
recent years of its association with the use of hypotonic
maintenance intravenous fluids (IVF), a therapy that has been
the standard of care since the publication of Holliday and
Segar’s study in 1957 [4]. However, according to some re-
searchers, Holliday and Segar’s recommendations may not be
applicable to hospitalized children because they do not take
into account the effect of anti-diuretic hormone (ADH) re-
leased in response to various hemodynamic and non-
hemodynamic stimuli [5]. In light of these recent develop-
ments, isotonic fluids, such as 0.9 % sodium chloride (NaCl),
have been advocated as the more appropriate maintenance
IVE, and hypotonic solutions are now reserved for patients
with either hypernatremia or ongoing urinary or extra-renal
free water losses [6].

Since 2006, several published systematic reviews have
compared the use of isotonic and hypotonic maintenance
IVF in hospitalized children, with the majority concluding
that isotonic I'VF is safer than hypotonic IVF in terms of the
risk of developing hyponatremia [2, 7-11]. However, a
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general consensus within the pediatric community has yet to
be established. Hence, we have conducted a systematic review
of the use of isotonic or hypotonic maintenance IVF in hos-
pitalized children which includes randomized controlled trials
(RCTs) that were not included in earlier reviews. Our aim is to
provide more clarity on this issue.

Methods

A number of electronic databases [MEDLINE®/PubMed®
(1966-2013); Cochrane Central Register for controlled trials
(CENTRAL) published in The Cochrane Library; LILACS
(1982-2013); Current Controlled Trials (CCT)] were searched
for appropriate published studies using the search terms “hy-
potonic solution,” “isotonic solution,” “fluid therapy,” “ran-
domized controlled trial,” and synonyms or related terms. To
search for unpublished studies, we accessed the following
online databases: WHO Network of Collaborating Clinical
Trial Registers; Clinical-Trials.gov (U.S. National Institutes
of Health); U.S. Food and Drug Administration (FDA)
Registry; International Committee of Medical Journal
Editors (ICMJE) Registry. Abstracts from relevant scientific
forums, such as the Society for Pediatric Research, Critical
Care Congress, and American Academy of Pediatrics, were
reviewed. Hand searching of reference lists of identified arti-
cles was also done. Experts in the subject were consulted as
well.

Two reviewers (AP and JM) independently screened the
titles and abstracts of articles that were identified through the
systematic literature search. Full-text articles of potentially
relevant studies were then retrieved and assessed independent-
ly by both reviewers using the following inclusion criteria: (1)
the study design was a RCT; (2) hospitalized children aged
1 month to <19 years old who received maintenance IVF
therapy were enrolled in the study; (3) the study compared
the use of isotonic or near-isotonic IVF and hypotonic IVF. An
IVF is classified as isotonic if it approximates the effective
osmolality of plasma—that is 154 meq/L of sodium + potas-
sium (e.g., 0.9 % NaCl, Hartmann’s solution, lactate Ringer’s
solution, or Normol-R solution)—and as hypotonic if its
osmolality is lower than the effective plasma osmolality (e.g.
0.18-0.45 % NaCl, Normol-M solution) [12]. Studies which
were non-RCTs and which had enrolled patients who were
hemodynamically unstable, had conditions associated with
dysnatremia (e.g., congestive heart failure, renal disorder, liver
failure), or required fluid resuscitation or fluid replacement
therapy were excluded.

Our primary outcome was the proportion of patients who
had hyponatremia (pNa<135 mmol/L) within 48 h from the
initiation of maintenance IVF therapy. Other outcomes of
interest were classified into patient-centered outcomes (mor-
tality, neurologic sequelae, clinical evidence of volume
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overload) and laboratory outcomes (severe hyponatremia,
defined as pNa<130 mmol/L; hypernatremia, defined as
pNa>145 meq/L).

Data on the methodological quality and clinical character-
istics of the included trials were extracted independently and
in duplicate by both review authors. In cases of differences in
opinion, a third author was consulted. The Cochrane risk-of-
bias tool was used to assess risk of bias in the included trials.
Domains that were assessed included random sequence gen-
eration, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete out-
come data, and selective reporting [13].

Statistical analysis was conducted using Review Manager
Software (RevMan ver. 5.2; The Cochrane Collaboration,
Oxford, UK). For factorial trials, multiple intervention groups
were combined in order to create a single pairwise comparison
(i.e., isotonic vs. hypotonic IVF). Intervention effects were
pooled and analyzed using the random effects model. For
dichotomous outcomes (e.g., occurrence of hyponatremia or
hypernatremia), risk ratio (RR) and 95 % confidence intervals
(CI) were used. For continuous outcomes (e.g., pNa level), the
weighted mean difference (MD) and 95 % CI were used.
Heterogeneity was evaluated using the Chi-square test (x%)
statistic and was deemed significant if the p value was >0.10.
Where statistical pooling could not be done, the findings were
described qualitatively.

Authors were contacted if necessary in order to request
unreported data. However, when data were not collected
in a certain study or were not available, only the available
data were used in the analysis. Imputation for missing
data was not done. In cases where medians were the only
available data, standard deviations were derived from the
p value [13].

Subgroup analysis was decided a priori to investigate the
effects of age (<1 year old, 1-5 years old, >5 years old),
condition (medical vs. surgical), and rate at which IVF was
administered (full maintenance rate vs. restricted rate, defined
as <2/3 of full maintenance rate).

Post-hoc analysis was done to determine the effect of
maintenance [VF therapy with an isotonic versus a hypotonic
saline solution on mean pNa level and a drop in the pNa level.

Results
Results of the search of electronic and online databases

A flow diagram of selection of studies included in this
systematic review is shown in Fig. 1. Ultimately, 11 RCTs
which compared the use of isotonic versus hypotonic
maintenance IVF in hospitalized children were included
in this systematic review.
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Fig. 1 Flow diagram of selection
of studies included in the
systematic review. RCT¥
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duplication
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12 Case control / cohort studies

p»{ 11 Case reports / series

10 RCT but did not involve
intervention/population of interest

4 Qualitative systematic reviews
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v intra-operative fluid replacement therapy

11 RCTs included in

systematic review

Study characteristics

Eleven RCTs were included in the meta-analysis, with a
total patient enrolment of 1,095 children, aged 3 months
to 18 years old. Of these 1,095 children, 530 were allo-
cated to the intervention group (isotonic IVF group) and
the remaining 565 were allocated to the control group
(hypotonic IVF group). Characteristics of these studies
are given in Table 1.

Five of the RCTs included in our systematic review en-
rolled surgical patients only [14—18], one trial included med-
ical patients only[19], and the remaining five RCTs enrolled
both surgical and medical cases [20-24]. In general, children
randomized to the intervention group mostly received D5
0.9 % NaCl (6/11 RCTs) [19, 14, 15, 20-22]. There was more
variability in the choice of hypotonic solution used across
studies, the most common of which was D5 0.45 % NaCl
(5/11 RCTs) [14, 15, 20, 21, 16].

Risk of bias

A detailed summary of the methodological quality of each
included RCT is shown in Table 2. Of the 11 RCTs, one trial
had insufficient information on the sequence generation pro-
cess used [17], while three trials did not describe their method
of allocation concealment [17, 18, 23]. Only four RCTs were
double-blinded [14, 20-22], one was single-blinded (i.e., only

participants and caregivers were blinded) [16], while the ma-
jority were open-label (i.e., participants, caregivers, and per-
sonnel were not blinded) [19, 15, 17, 18, 24]; one RCT did not
describe the blinding procedure used [23]. All RCTs were low
risk for detection bias since the outcome measurement (i.e.,
determination of pNa level) is not likely to be influenced by
lack of blinding of outcome assessors. Several RCTs excluded
>10 % of their initial study population in their analysis, mostly
due to the attending physician’s early discontinuation of IVF
[14, 15,21, 18, 23]. Three of these RCTs were judged to be at
high risk for attrition bias either because a significant propor-
tion of the study population’s outcome was missing [14, 23] or
there was no mention of intention-to-treat analysis [21]. Only
one RCT was judged to be at high risk for selective reporting
because the authors only reported mean change in pNa with-
out reporting mean pNa levels and the proportion of patients
who actually became hyponatremic [22].

Laboratory outcomes

Our analysis showed that the use of isotonic maintenance IVF
significantly reduced the risk of developing hyponatremia (10
studies, 1,006 participants, RR 0.50, 95 % CI 0.40-0.62) (see
Fig. 2) and severe hyponatremia (8 studies, 845 participants,
RR 0.21, 95 % CI 0.10-0.45) (see Fig. 3). Although Kannan
et al. [19] defined hyponatremia as a pNa level of<130 mmol/
L, they re-analyzed their data using pNa <135 mmol/L as their
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Table 2  Risk of bias summary

First author/year Random Allocation Blinding of Blinding of Incomplete Selective
of study sequence concealment participants outcome outcome data reporting

generation and personnel assessment

Brazel/1996 [17] Unclear Unclear High risk Low risk Low risk Low risk
Montanana/2008 [18] Low risk Unclear High risk Low risk Low risk Low risk
Ang/2008 [24] Low risk High risk High risk Low risk Low risk Low risk
Yung/2009 [22] Low risk Low risk Low risk Low risk Low risk High risk
Kannan/2010 [19] Low risk Low risk High risk Low risk Low risk Low risk
Neville/2010 [15] Low risk Low risk High risk Low risk Low risk Low risk
Choong/2011 [14] Low risk Low risk Low risk Low risk High risk Low risk
Rey/2011 [23] Low risk Unclear Unclear Low risk High risk Low risk
Saba/2011 [21] Low risk Low risk Low risk Low risk High risk Low risk
Coulthard/2012 [16] Low risk Low risk High risk Low risk Low risk Low risk
Baron/2013 [20] Low risk Low risk Low risk Low risk Low risk Low risk

cut-off value, and these were the values used in the meta-
analysis.

There were seven RCTs which reported on mean pNa
levels after maintenance IVF therapy, the duration of
which varied across studies, ranging from approximately
12 to 48 h. Pooled estimates showed that mean pNa levels
in children who received hypotonic fluids were signifi-
cantly lower than those who received isotonic fluids (7
studies, 378 participants, MD —1.75, 95 % CI —-2.37 to
—1.14) (see Fig. 4). In addition, the absolute change in
pNa levels from baseline was also significantly greater in
children who received hypotonic fluids than in those who
received isotonic fluids (3 studies, 211 participants MD
—2.09 mmol/L, 95 % CI —2.85 to —1.34) (see Fig. 5).
Among these latter three RCTs, two reported decreased

pNa level with the use of either hypotonic or isotonic
fluids [15, 23], while the third reported an increase in
pNa level compared to baseline [21]. The study of
Brazel et al. [17] was not included in the analysis for
mean pNa level and change in pNa level because these
data were not available in the published article and we
were unable to retrieve them from the authors.

In addition to the protective effect of isotonic fluids in
reducing the risk for hyponatremia, isotonic fluids also did
not significantly increase the risk for developing
hypernatremia compared to hypotonic fluids (7 studies, 790
participants, RR 0.83, 95 % CI 0.41-1.67). In exception to all
of the other RCTs, Kannan et al. defined hypernatremia as
pNa>150 mmol/L [19]. When the study by Kannan et al. was
not included in the analysis, the results remained the same (6

Isotonic IVF Hypotonic IVF Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Coulthard 2012 0 39 7 40 0.6% 0.07 [0.00, 1.16] ¢
Saba 2011 1 16 1 21 0.6% 1.31[0.09, 19.42] ¢ ’
Ang 2008 1 8 2 1 0.9% 0.69 [0.07, 6.34] * »
Brazel 1996 1 5 7 7 23% 0.27 [0.07, 1.08] —
Baron 2013 4 31 5 32 31% 0.83[0.24, 2.79]
Kannan 2010 5 58 18 109 52% 0.52[0.20, 1.33]
Neville 2010 11 62 28 62 12.6% 0.39[0.22,0.72] — =
Rey 2011 16 63 38 62 20.9% 0.41[0.26, 0.66] -
Montanana 2008 18 59 33 63 22.4% 0.58 [0.37, 0.91] -
Choong 2011 29 128 53 130 31.4% 0.56 [0.38, 0.81] —
Total (95% CI) 469 537 100.0% 0.50 [0.40, 0.62] ‘
Total events 86 192
Heterogeneity: Tau? = 0.00; Chi? = 5.94, df = 9 (P = 0.75); I = 0% ’ ’ ’ ’
Test for overall effect: Z = 6.37 (P < 0.00001) 02 ) 0'5. ) ! 2 ) 5
Favours isotonic fluid Favours hypotonic fluid

Fig. 2 Risk of developing hyponatremia with isotonic versus hypotonic maintenance intravenous fluid (/V'F) therapy in hospitalized children. Events
Number of subjects who developed hyponatremia during study period, Total number of participants, C/ confidence interval
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Isotonic IVF Hypotonic IVF Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Coulthard 2012 0 39 0 40 Not estimable

Ang 2008 0 8 1 1 32% 0.440.02, 9.69] *

Baron 2013 0 31 1 32 3.7% 0.34[0.01, 8.13] ¢

Brazel 1996 0 5 4 7 9.7% 0.15[0.01, 2.26] A

Kannan 2010 1 58 10 109  17.5% 0.19[0.02, 1.43] ¢ "

Rey 2011 4 63 7 62 17.8% 0.56 [0.17, 1.83] - * |

Choong 2011 1 128 8 130  20.0% 0.13[0.02,1.00) &

Montanana 2008 0 59 11 63 28.0% 0.05[0.00,077) ¥

Total (95% CI) 391 454 100.0%  0.21[0.10,0.45] i

Total events 6 42

Heterogeneity: Chi* = 4.38, df = 6 (P = 0.63); I = 0% — ‘ ‘ ——

Test for overall effect: Z = 4.07 (P < 0.0001) 01 0'2. 0.'5 ! 2 ° ) 10

Favours isotonic IVF  Favours hypotonic IVF

Fig. 3 Risk of developing severe hyponatremia with isotonic versus hypotonic maintenance IVF therapy in hospitalized children. Events Number of
subjects who developed severe hyponatremia [plasma sodium level (pNa)<130 mmol/L], Total number of participants

studies, 623 participants, RR 0.88, 95 % CI 0.40-1.94) (see
Fig. 6).

Patient-centered outcomes

There was no report of mortality directly attributed to
dysnatremia. Of the 11 RCTs, two reported the occurrence
of death among their study population [19, 20]. Kannan et al.
[19] reported that one of their subjects died of acute respira-
tory distress syndrome. This child had been randomized to the
isotonic group, and his pNa was normal throughout the study
period [19]. Baron et al. reported the death of three of their
patients, all of whom were randomized to receive hypotonic
IVF. The pNa level of these patients remained >130 mmol/L
throughout the study, and the cause(s) of death was deter-
mined not to be related to the maintenance IVF therapy [20].

Kannan et al. [19] reported one case of hyponatremic en-
cephalopathy in a child diagnosed with acute intermittent

porphyria. This child was randomized to receive 0.18 % saline
in 5 % dextrose at a two-thirds maintenance rate. He had
baseline hyponatremia (pNa = 132 mmol/L) which then de-
creased to 126 and 124 mmol/L at 12 and 48 h following the
initiation of IVF, respectively. He manifested with seizures and
stupor, but eventually improved after correction with 3 % saline
[19].

Two studies reported the occurrence of hypertension
among their participants [14, 18]. Analysis showed that the
risk for developing hypertension was not significantly in-
creased with the use of isotonic solution in maintenance IVF
therapy (2 studies, 380 participants, RR=0.91, 95 % CI 0.40—
2.06) (Forrest plot not shown).

Other outcomes of interest, such as the development of
hyperchloremic metabolic acidosis and other manifestations
of volume overload (e.g., congestive heart failure, pulmonary
edema), were not reported in any of the 11 studies included in
this systematic review.

Hypotonic Isotonic Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ang 2008 1387 95 8 139 3 11 08% -0.30[7.12,652 * ’
Montanana 2008 136.2 5.2 23 1389 3.6 23 5.7% -2.70 [-5.28, -0.12] -
Saba 2011 138 3.55 21 140 3.55 16 71% -2.00 [-4.31, 0.31] - T
Baron 2013 137.8 43 32 140 441 31 8.8% -2.20 [-4.27,-0.13] -
Neville 2010 136 2.02 36 1372 3.4 31 20.2% -1.20 [-2.57, 0.17] ]
Rey 2011 1342 24 32 136.6 3.1 35 21.6% -2.40 [-3.72, -1.08] -
Coulthard 2012 136.7 2.7 40 1381 1.9 39 358% -1.40 [-2.43, -0.37] ——
Total (95% ClI) 192 186 100.0% -1.75[-2.37,-1.14] ‘
Heterogeneity: Tau? = 0.00; Chi? = 2.92, df = 6 (P = 0.82); I2 = 0% _54 52 ' ; i
Test for overall effect: Z = 5.59 (P < 0.00001) Hypotonic IVF Isotonic IVF

Fig.4 Mean pNa following isotonic versus hypotonic maintenance IVF therapy in hospitalized children. Mean Mean pNa level, SD standard deviation,
Total number of participants
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Hypotonic Isotonic Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Saba 2011 1 3 21 3 3.99 16 10.5% -2.00 [-4.34, 0.34] - B
Yung 2009 -3.8 3.66 26 -0.8 3.85 24  13.2% -3.00 [-5.09, -0.91] "
Neville 2010 -1.7 215 62 0.25 275 62 76.2% -1.95[-2.82, -1.08] —._
Total (95% ClI) 109 102 100.0%  -2.09 [-2.85, -1.34] ‘
Heterogeneity: Tau? = 0.00; Chi? = 0.84, df = 2 (P = 0.66); 2 = 0% =4 =2 ' ; i
Test for overall effect: Z = 5.41 (P < 0.00001) Hypotonic IVF Isotonic IVF

Fig.5 Change in pNa following isotonic versus hypotonic maintenance IVF therapy in hospitalized children. Mean Mean change in pNa, Total number

of participants

Subgroup analysis

Three RCTs determined the effect of fluid volume on the risk
of hyponatremia [19, 15, 16]. However, the pooled data were
limited and heterogeneous and, hence, insufficient to provide
any clear information on the effect of restricting fluid volume.
Subgroup analysis with regards to a child’s condition, whether
surgical or medical, was not done because of insufficient
information available (i.e., results were not reported separately
in studies which enrolled both surgical and non-surgical pa-
tients and we were unable to obtain this data from the authors).
Lastly, there were no RCTs which reported on the effect of
age; hence, subgroup analysis with regards to age was not
carried out.

Discussion

The administration of maintenance IVF is a basic component
of the care provided to hospitalized children. However, recent
evidence does not appear to support the traditional practice of
prescribing hypotonic IVF [25]. Since 2006, there have been

at least six published systematic reviews which have ad-
dressed the issue of appropriate maintenance IVF tonicity
among hospitalized children [2, 7—11], half of which included
a meta-analysis [7, 10, 11]. Earlier reviews cautioned that the
use of hypotonic IVF as maintenance fluid is potentially
dangerous, but due to the paucity of well-designed prospective
trials, the authors of these reviews were not able to determine
with certainty which fluid regimen is safer and more effective
[7, 8].

However, several RCTs published subsequently to these
earlier reviews have enabled the authors of more recent re-
views to conclude that the traditional practice of prescribing
hypotonic IVF to hospitalized children is indeed associated
with the development of hospital-acquired hyponatremia and,
consequently, that its routine use must be reconsidered. These
authors also concluded that isotonic IVF appears to be the
safer choice in terms of the risk for developing hyponatremia
[2, 9-11].

The first meta-analysis on the subject was carried out by
Choong et al. in 2006 in which they pooled two RCTs, one
cohort study, and one retrospective chart review [7]. Their
analysis showed that the use of hypotonic IVF significantly

Isotonic IVF Hypotonic IVF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Saba 2011 1 16 0 21 5.0% 3.88[0.17, 89.46]
Ang 2008 0 8 1 11 5.2% 0.4410.02, 9.69]
Neville 2010 3 62 0 62 5.7% 7.00[0.37, 132.75] ’
Baron 2013 1 31 2 32  89% 0.52[0.05, 5.41] - 1
Kannan 2010 2 58 6 109 20.0% 0.63[0.13, 3.01] L
Montanana 2008 3 59 5 63 25.6% 0.64 [0.16, 2.56] - &
Choong 2011 4 128 5 130 29.5% 0.811[0.22, 2.96]
Total (95% Cl) 362 428 100.0% 0.83[0.41, 1.67]
Total events 14 19
Heterogeneity: Tau? = 0.00; Chi? = 3.59, df = 6 (P = 0.73); I = 0% I I I I
Test for overall effect: Z = 0.53 (P = 0.59) 0.01 .0'1 ) ! 10 .100
Favours isotonic IVF  Favours hypotonic IVF

Fig. 6 Risk of developing hypernatremia with isotonic versus hypotonic maintenance IVF therapy. Events Number of subjects who developed
hypernatremia during the study period (pNa>145 mmol/L), Total number of participants
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increased the risk of developing hyponatremia—by 17-fold—
compared to isotonic fluids (OR 17.22, 95 % CI 8.67-34.2).

Wang et al. pooled eight RCTs (treated as 10 separate RCTs
in their analysis) and also showed that there is a significantly
higher risk for developing hyponatremia with the use of
hypotonic IVF as compared to isotonic IVF (RR 2.24, 95 %
CI 1.52-3.31) [10]. Foster et al. found similar results in their
meta-analysis of ten RCTs (RR 2.37,95 % CI 1.72-3.26) [11].
Furthermore, their subgroup analysis of hypotonic fluids with
half-normal saline showed a comparable RR of2.42 (95 % CI
0.32-4.45).

The findings of our systematic review are consistent with
the results of the above-mentioned meta-analyses, and we
therefore support their recommendation that the traditional
practice of prescribing hypotonic maintenance IVF therapy
to hospitalized children be seriously reconsidered. The higher
computed odds ratio in the review by Choong et al. [7] may be
partly explained by their inclusion of two non-RCTs and an
RCT which enrolled patients who received fluid replacement
therapy for acute gastroenteritis. In addition, the majority of
the studies included in our meta-analysis, as well as in those of
Wang et al. [10] and Foster et al. [11], excluded patients who
had baseline hyponatremia [14, 18, 19, 21, 23], which may
have reduced overestimation of the incidence of hyponatremia
and, in turn, reduced the computed relative risk for developing
hospital-acquired hyponatremia.

Our analysis also showed statistically significant lower
pNa levels (MD —1.75 mmol/L, 95 % CI —2.37 to —1.14)
and a greater drop in pNa from baseline (MD —2.09 mmol/L,
95 % CI —2.85 to —1.34) in children who received hypotonic
fluids. Although the pooled mean difference in pNa level was
statistically significant, it may not be clinically significant
since the mean pNa levels in both isotonic and hypotonic
groups were all within normal levels (i.e., pNa>135 mmol/
L), except in the study by Rey et al. [23] (see Fig. 4). One
explanation may be that the studies had a small sample size
and were not actually designed to detect clinically significant
differences. Also, in contrast to the usual clinical setting, pNa
levels were monitored very closely in the RCTs, hence de-
creases in pNa levels were detected early and managed
accordingly.

Compared to the meta-analyses by Choong et al. [7] and
Foster et al. [11], two RCTs were not included in our review
either because the intervention involved intra-operative fluid
replacement therapy using the method proposed by Berry
[26], or the population involved patients with acute gastroen-
teritis, the management of which includes fluid deficit therapy
[27]. We included all of the RCTs included in the meta-
analysis by Wang et al. [10].

The observed protective effect of isotonic fluids may be
explained by the lower electrolyte-free water (EFW) content
in such solutions. In the presence of increased levels of ADH,
EFW excretion is impaired, which then results in a net positive
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balance in EFW and, consequently, dilutional hyponatremia
[14]. It is well-documented that many of the conditions for
which a child may be hospitalized are related to increased
ADH levels due to the presence of factors such as pain,
anxiety, post-operative state, nausea, vomiting, fever, sepsis,
reduced circulating volume, respiratory disorders, central ner-
vous system infections, and metabolic and endocrine disor-
ders. Hence, each hospitalized child is virtually at risk for
developing hyponatremia, and this risk becomes even greater
with the use of hypotonic IVF [28].

The concern that isotonic fluids may increase the risk of
hypernatremia was not evident in our study (RR0.86, 95 % CI
0.41-1.82), which is consistent with the findings of earlier
meta-analyses [7, 10, 11]. In addition, our analysis showed
that the risk for hypertension, theoretically secondary to in-
creased intravascular volume, was not significantly increased
by the use of isotonic solutions.

A number of experts assert that the use of isotonic fluids for
maintenance IVF therapy imposes an unnecessary intravenous
sodium load that substantially increases when administration
goes beyond 24 h [29, 30]. It has also been proposed that it is
actually the administration of excessive volume of IVF that
underlies the increased risk of hyponatremia in patients re-
ceiving maintenance IVF therapy—rather than the solution’s
tonicity. The phenomenon was described by Steele et al. [31],
who noted a fall in pNa level in adult surgical patients despite
the administration of near-isotonic IVF (Ringer’s lactate).
“Desalination” was also observed in a prospective cohort
study wherein patients who became hyponatremic had a
higher urine Na loss, a more negative Na balance, and greater
diuresis than patients who remained isonatremic [32]. This
phenomenon is not completely understood, but may be related
to overexpansion of the extracellular fluid compartment from
the saline infused during surgery in combination with in-
creased ADH, natriuretic peptide and glomerular filtration
rate, and suppression of aldosterone. The total effect is the
excretion of a hypertonic urine and, ultimately, hyponatremia
[12, 32, 33]. The aim of three of the RCTs included in our
systematic review was to compare the risk of developing
hyponatremia between those who received full maintenance
fluid requirements and those who were given restricted fluid
volume (%2 to 2/3 the maintenance requirements) [15, 16, 19].
However, the pooled data were insufficient and heteroge-
neous, precluding any recommendation regarding the added
value of restricting fluid volume. There is therefore a need for
larger RCTs to further elucidate this matter.

The strength of this systematic review lies in the compre-
hensive search strategy and pre-specified inclusion criteria
unbiased by a priori knowledge of the primary studies. The
11 studies included were all RCTs, albeit with some degree of
variability in their methodology. Different intravenous fluids
were compared, more so in the hypotonic group (Na content
ranged from 20 to 100 mmol/L, but most studies used 0.45 %
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NaCl in the hypotonic arm). In addition, time points and
frequency of sampling for pNa levels differed across studies.
In order to address the inherent heterogeneity in pooling data
from different but relevant studies, we used the random effects
method in our analysis.

This systematic review has a number of limitations. The
RCTs included in the systematic review were all published
papers, except for one RCT which only had its abstract pub-
lished [24]. Thus, publication bias cannot be totally excluded.
In addition, our predefined subgroup analyses were not pre-
sented in this review because data from individual studies
were lacking and we were not able to request these from the
respective authors. Lastly, interpretation of risks associated
with the use of hypotonic and isotonic IVF pertain only to
the first 48 h of maintenance IVF therapy. Hence, our results
may not be applicable to patients receiving maintenance I[VF
for longer duration.

Conclusion

The standard practice of using hypotonic fluids significantly
increases the risk of developing hyponatremia, while the use
of isotonic IVF does not increase the risk of hypernatremia,
volume overload, or hypertension. Hence, it would appear that
the isotonic saline solution is the safer empiric maintenance
IVF for use in the general pediatric population. The practice of
prescribing hypotonic saline solutions for maintenance IVF
among hospitalized children is not supported by currently
available evidence and must, therefore, be seriously
reconsidered.
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