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The use of isotonic fluid as maintenance therapy prevents iatrogenic
hyponatremia in pediatrics: A randomized, controlled open study*
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T he optimum composition of
intravenous fluid in pediatric
patients remains a mystery to
date. In 1956, Holliday and Se-

gar (1) suggested that daily electrolyte

requirements might be similar to oral
requirements. Because lactating children
achieved adequate growth and natremia
levels when fed with mother’s milk or an
adapted formula—containing between 10

and 30 mEq sodium per liter—they as-
sumed that this concentration would be
suitable for administration as an intrave-
nous solution. Although this hypothesis
has not been confirmed in any clinical
trial, hypotonic solutions with a sodium
concentration lower than the concentra-
tion in plasma are used as common main-
tenance fluid therapy in pediatrics. This
should not be associated with any risks in
healthy children, but it may have unde-
sired effects in ill children with a limited
ability to excrete free water.

LEARNING OBJECTIVES
On completion of this article, the reader should be able to:
1. Describe the incidence of both hyponatremia and hypernatremia and their relationship to the type of maintenance fluids

used in the management of critically ill infants and children.
2. Identify the potential deleterious impact of the use of hypotonic maintenance fluids in the management of critically ill

infants and children.
3. Appraise reexamination of current recommendations regarding maintenance fluid management in critically infants and children.
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Objectives: Hypotonic fluids are widely used in pediatrics. Several
articles have reported the risk of iatrogenic hyponatremia secondary
to this practice. We primarily intend to determine whether the use of
isotonic fluids prevents hyponatremia and, secondly, whether these
fluids increase the incidence of adverse events.

Study Design: One hundred twenty-two pediatric patients hospi-
talized in intensive care unit requiring maintenance fluid therapy
were randomized to receive isotonic fluids (isotonic group, NaCl �
140 mEq/L) or hypotonic fluids (hypotonic group, NaCl <100 mEq/L).
Electrolyte blood concentration, glycaemia, and blood pressure were
measured at 0, 6, and 24 hrs after the beginning of fluid therapy.
Plasma creatinine, urine specific gravity, and urine electrolyte con-
centration were measured at 6 hrs. Standard intention-to-treat anal-
ysis and Bayesian analysis were conducted to assess the probability
of hyponatremia and hypernatremia in each group.

Results: At the time of admission to hospital, no differences
in natremia or the percentage of hyponatremia were found
between groups. At 24 hrs, the percentage of hyponatremia in
the hypotonic group was 20.6% as opposed to 5.1% in the
isotonic group (p � 0.02). No differences in the number of
adverse events other than hyponatremia were observed be-
tween groups.

Conclusions: The use of hypotonic fluids increases the risk of
hyponatremia when compared with isotonic fluids at 24 hrs
following infusion (number needed to harm [confidence interval
95%] � 7[4;25]). In our sample, the use of isotonic fluids did not
increase the incidence of adverse events compared with hypo-
tonic fluids. (Pediatr Crit Care Med 2008; 9:589–597)
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Several nonosmotic stimuli for the se-
cretion of antidiuretic hormone have
been described, many of which are fre-
quent among hospitalized patients, such
as central nervous system infections (2),
respiratory system and digestive system
infections (3), postsurgical infections (4),
opiate use, pain, and nausea (5). There-
fore, it is common that hospitalized chil-
dren requiring maintenance fluid therapy
have a predisposition to retain free water.
A fluid therapy based on hypotonic liq-
uids implies the administration of large
amounts of free water and, thus, this
could induce iatrogenic hyponatremia
and the subsequent risk of cerebral
edema. In an observational study on hos-
pitalized children, Hoorn et al. (6) found
that the prolonged administration of hy-
potonic fluids was related to a decrease in
natremia proportional to the amount of
free water administered. Recently, many
authors have associated the use of hypo-
tonic solutions with a higher incidence of
hyponatremia-related permanent ence-
phalic lesions and death (7–10).

The administration of isotonic liquids
as maintenance fluid therapy reduces an-
tidiuretic hormone secretion (2, 11) and,
in a randomized trial on postsurgical
adult subjects, also the risk of iatrogenic
hyponatremia (4). Hence, several authors
currently recommend the use of isotonic
fluids as a maintenance therapy for pedi-
atric patients (5, 12, 13). However, clini-
cal practice guidelines continue to use
the recommendations published 50 years
ago (14) in view of the theoretical risks
supposed to this type of solutions—
hypernatremia, hypertension because of
volemic increase and phlebitis because of
supraphysiological osmolarity (15). To
date, no side effects have been reported
with the use of isotonic solutions as
maintenance therapy in pediatrics.

We designed this randomized, open,
controlled study to assess the differences
between the incidence of hyponatremia
and plasma sodium variations during
maintenance fluid therapy infusion with
hypotonic and isotonic fluids in hospital-
ized children in a pediatric intensive
care unit. In addition, we also evaluated
the incidence of side effects that could
theoretically condition the use of iso-
tonic fluids: hypernatremia, phlebitis,
and hypertension.

PATIENTS AND METHODS

Protocol. This is a prospective, controlled,
randomized with blind and open phases con-

ducted at the pediatric intensive care unit at
the Hospital Infantil La Fe in Valencia (Spain)
between January and March 2006. Children
ages between 29 days and 18 years requiring
hospitalization at our service could be in-
cluded in the randomization of the study only
when their physician prescribed intravenous
maintenance fluid therapy. Patients with
chronic or acute kidney failure, at risk of ce-
rebral edema (diabetic ketoacidosis or craneo-
encephalic trauma), with plasma sodium lev-
els at hospital admission �130 mEq/L or
�150 mEq/L, and/or dehydration �5% of the
patient’s body weight were excluded from the
study.

The subjects’ parents or guardians were
informed of the study protocol and its risks,
and if they gave their consent, the children
were randomized into two groups: the hypo-
tonic group (control) receiving maintenance
fluids with sodium concentrations between 20
and 100 mEq/L (corresponding to 2–4 mEq/
Kg/24 hr) and the isotonic group (experimen-
tal) receiving fluids with a sodium concentra-
tion of 140 mEq/L and potassium concentration
of 15 mEq/L (tonicity � 155 mOsm/L). In both
groups, the daily total volume of liquid infused
was determined by the volumetric Holliday–
Segar (1) formula. The remaining ionic and glu-
cose concentrations in the drip of the two
groups were the same (5% dextrose). When re-
quired, oral tolerance was begun and intrave-
nous fluid was interrupted following the same
criteria in both groups, i.e., the ones commonly
used at our service.

Because of safety reasons, several with-
drawal criteria after inclusion in this study
were also established: a plasma sodium mea-
surement �130 mEq/L or �150 mEq/L, ac-
quired abnormalities involving sodium or free
water kidney excretion (inadequate antidi-
uretic hormone secretion or diabetes insipi-
dus), or the interruption of fluid therapy by
order of the physician.

The main dependent study end point is the
percentage of hyponatremia acquired during
treatment with fluid therapy. To determine
hyponatremia, ion blood concentrations were
calculated for each patient at the time of hos-
pital admission at 6 hrs and at 24 hrs. Fur-
thermore, glycaemia and blood pressure were
measured at the time of hospital admission at
6 hrs and at 24 hrs; plasma creatinine was
calculated at 6 hrs after admission, and urine
specific gravity and ions (urine collection with
a bag for incontinent patients and urine jet for
the other patients) at 6 hrs after admission.
Urine osmolarity was extrapolated from urine
specific gravity (16).

Both blood ions and glycaemia were deter-
mined with the cooximeter ABL 700 Series by
Radiometer Copenhagen, blood pressure was
measured with an electronic sphingomanom-
eter Pulsemate BX 5 by Colins Electronics,
and urine biochemistry and specific gravity
were calculated with Cobas 6000 by Roche.

Hyponatremia was defined as a plasma so-
dium concentration �135 mEq/L, moderate

hyponatremia as a concentration �130
mEq/L, severe hyponatremia as a concentra-
tion �125 mEq/L, and hypernatremia as a
concentration �145 mEq/L (15). Hyperten-
sion was defined as average systolic blood
pressure or diastolic blood pressure higher
than (or equal to) 95th percentile for gender,
age, and height on three measurements in
each control (17).

Sample Size Calculation. Sample size cal-
culation was based on the primary dependent
end point of the study. The estimated inci-
dence (7) of iatrogenic hyponatremia in the
control group was 10%, and a relative differ-
ence of 25% in the incidence of hyponatremias
between both groups was considered clinically
relevant. Taking into account an alpha error of
0.05 and a power of 80% to detect this differ-
ence and by using the arc sine approximation,
the sample size required was calculated to be
102 patients plus patient losses. On the basis
of the average duration of hospitalization at
our unit and the mean duration of fluid
therapy, we estimated a loss rate of 20%;
thus, the required sample was established at
122 patients.

Randomization. By using the “Randomiza-
tion” function of the MS-Excel XP program of
Windows, a binary series with randomized
numbers were generated following the proce-
dure described by Friedman et al. (18). To
achieve a similar number of patients in both
groups, this procedure creates the sequence by
using balanced block sampling. To ensure
concealment, two block sizes are used: one of
four elements and one of six elements.

Statistical Analysis. Statistical analysis was
based on the intention to treat. For the calcu-
lations we used the program SPSS 12 for Win-
dows XP. Categorical end points are described
with the numerical count (percentage) of each
category and are then compared with the chi-
square test (if all application criteria are met)
or with Fisher’s exact test (if the criteria are
not met). Continuous end points are repre-
sented by Tukey’s box-plot graphs. If the con-
tinuous end points are normal (p � 0.05 in
Shapiro-Wilk’s test), they are described as the
mean value � SD, and are compared using the
Student’s t test after verifying the assumption
of equality of variances using Levene’s test. If
the continuous end points are not normal,
they are described as the median (P25, P75)
and are compared using the nonparametric
Mann-Whitney U test. During the whole study
a statistical significant limit of p � 0.05 is
accepted.

A Bayesian analysis has also been con-
ducted to calculate the risk of hyponatremia
and hypernatremia in each group and at each
time of ion determination. In the analysis,
sample data have been entered using a bino-
mial distribution for percentages and a normal
distribution for continuous variables. The a
priori noninformative reference distribution
was the Beta (1/2,1/2) distribution for percent-
ages and the uniform distribution for contin-
uous variables. The results are shown using
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the a posteriori distribution obtained by ap-
plying the Bayes’ theorem. The measurement
of probabilities has been done integrating the
a posteriori distribution.

RESULTS

Figure 1 represents the flow chart of
the patients included in the study. A total
of 122 patients were included. No one
refused to enter into the study. The ran-
domization process finally allocated 63
patients to the hypotonic group and 59
patients to the isotonic group. Table 1
shows that the randomization generated

two cohorts that were completely compa-
rable and interchangeable as regards
their baseline characteristics before study
group allocation.

In the first control (at 6 hrs), a total of
19 subject discontinuations were re-
ported: 18 because physicians considered
that maintenance intravenous fluids
could be interrupted before 6 hrs, and
one because of requiring emergency sur-
gery after randomization. Table 2 ana-
lyzes the loss of patients in both cohorts
in this control. There was no significant
difference in the number of patients dis-

continued or in the baseline characteris-
tics of the population in each group.

In the control at 24 hrs 57 losses were
reported: 48 because maintenance fluids
could be interrupted earlier, eight be-
cause natremia levels were �130 mEq/L,
and one because of emergency surgery
following randomization. Table 3 analy-
ses the loss of patients in both cohorts in
this second control: again, it may be as-
sumed that the loss of patients occurred
randomly in both groups.

Tables 4 and 5 summarize the results
obtained in the first and the second con-

Figure 1. Flow chart of the subjects participating in the study and follow up.
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Table 1. Patients’ characteristics at baseline

Total Hypotonic Group Isotonic Group p

No. patients randomized 122 63 59
Male (%) 63 (51.6%) 28 (44.4%) 35 (59.3%) 0.11a

Age (yrs) 3.0 (1.0; 9.0) 3.0 (0.9; 7.0) 3.2 (1.3; 10.0) 0.32b

Weight (kg) 15.0 (8.0; 27.0) 14 (7.5; 25.0) 15 (10.0; 28.5) 0.26b

Patients with hypertension (%) 41 (33.6%) 20 (37.7%) 21 (42.0%) 0.66c

Serum sodium (mEq/L) 137.0 (134.0; 139.0) 137.0 (134.0; 139.3) 137.0 (134.0; 139.0) 0.75b

Patients with initial
hyponatremia (%)

28 (23.0%) 15 (23.8%) 13 (22.0%) 1.00a

Serum potassium (mEq/L) 4.2 (3.5; 4.9) 4.3 (3.6; 4.8) 4.2 (3.4; 4.9) 0.90b

Serum glucose
(mg/dL)/(mmol/L)

145.5 (110.5; 188.7)/8.07 (6.13;10.47) 141.0 (103.0; 196.5)/7.83 (5.72;10.91) 149.5 (112.0; 187.3)/8.30 (6.22;10.40) 0.73b

Time in intensive care unit
(hrs)

23.5 (19.0; 24.0) 24 (19.5; 24.0) 22.5 (18.8; 24.0) 0.26b

Type of diagnosis
Brain pathology and surgery 23 (18.8%) 13 (20.6%) 10 (16.9%) 0.70c

Thoracic pathology and
surgery

22 (18.0%) 10 (15.9%) 12 (20.3%)

Cardiac surgery 17 (13.9%) 11 (17.5%) 6 (10.2%)
Abdominal surgery 41 (33.6%) 19 (30.1%) 22 (37.3%)
Others 19 (15.6%) 10 (15.9%) 9 (15.2%)

Total volume of infused fluids
per weight (mL/kg/day)

61.7 (34.1; 85.1) 53.9 (30.0; 87.9) 64.9 (36.7; 84.5) 0.59b

Patients with hypernatremia 3 (2.5%) 3 (4.8%) 0 (0.0%) 0.24a

Categorical variables are described with a percentage (%) and continuous variables are described with a median (p25, p75).
aFisher’s exact test; bMann–Whitney U test; cPearson’s chi-squared test.

Table 2. Characteristics of patients lost at the first control (6 hrs)

Total Hypotonic Group Isotonic Group p

No. patients randomized 122 63 59
Percentage of loss

Total 19 (15.6%) 11 (17.5%) 8 (13.6%) 0.63b

Percentage of male patients 8 (42.1%) 5 (45.5%) 3 (37.5%) 1.00b

Age (yrs) 2.0 (1.0; 6.0) 2.0 (0.7; 7.5) 2.0 (1.3; 3.0) 0.96c

Weighta (kg) 15.6 � 9.2 15.9 � 11.5 15.3 � 4.3 0.92d

Type of diagnosis
Brain pathology and surgery 1 (5.3%) 1 (9.1%) 0 (0.0%) 0.55e

Thoracic pathology and surgery 10 (52.6%) 6 (54.5%) 4 (50%)
Cardiac surgery 0 (0.0%) 0 (0.0%) 0 (0.0%)
Abdominal surgery 2 (10.5%) 2 (18.2%) 0 (0.0%)
Others 6 (31.6%) 2 (18.2%) 4 (50%)

Categorical variables are described with a percentage (%) and continuous variables are described with a median (p25, p75), except for awhich is described
with a mean � SD.

bFisher’s exact test; cMann–Whitney’s U test; dStudent’s t-test; ePearson’s chi-squared test.

Table 3. Characteristics of patients lost at the second control (24 hrs)

Total Hypotonic Group Isotonic Group p

No. patients randomized 122 63 59
Percentage of loss

Total 57 (46.7%) 29 (49.1%) 28 (47.5%) 0.72a

Percentage of male patients 29 (50.8%) 13 (44.8%) 16 (57.1%) 0.57a

Age (yrs) 3.0 (1.0; 9.8) 3.0 (1.0; 6.0) 3.0 (1.7; 10.0) 0.97b

Weight (kg) 15.0 (10.0; 24.0) 15.0 (9.0; 21.0) 15.0 (11.3; 29.3) 0.67b

Type of diagnosis
Brain pathology and surgery 7 (12.3%) 5 (17.2%) 2 (7.1%) 0.68c

Thoracic pathology and surgery 15 (26.3%) 8 (27.6%) 7 (25%)
Cardiac surgery 1 (1.8%) 0 (0.0%) 1 (3.6%)
Abdominal surgery 21 (36.8%) 10 (34.5%) 11 (39.3%)
Others 13 (22.8%) 6 (20.7%) 7 (25%)

Categorical variables are described with a percentage (%) and continuous variables are described with a median (p25, p75).
aFisher’s exact test; bMann–Whitney’s U test; cPearson’s chi-squared test.
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trols of the study. In the first control, no
statistically significant differences be-
tween groups were found in sodium val-
ues and percentages of hyponatremia.
However, if we divide the patients by the
type of diagnosis we observed that, in the
subgroup undergoing abdominal surgery,
natremia levels were lower in the group
receiving hypotonic fluids (134 mEq/L

compared to 136 mEq/L; p � 0.03). As to
urine samples, sodium levels, osmolarity,
and tonicity were higher in the isotonic
group. No side effects directly related
with intravenous fluid infusion were ob-
served in any of the groups, other than
electrolyte abnormalities. No differences
in systolic and diastolic blood pressure
values, or in the percentage of hyper-

natremia, were found between the two
groups.

In the second control, patients in-
cluded in the hypotonic group showed
lower natremia values than those in-
cluded in the isotonic group (136.2 � 5.2
mEq/L compared with 138.9 � 3.6
mEq/L; p � 0.02) and a higher percent-
age of hyponatremias (20.6% compared
with 5.1%; p � 0.02) at 24 hrs. Figure 2
shows the box-plot graph comparing
natremia values between the two groups.
Regarding moderate hyponatremia, no
patients in the isotonic group reported
natremia values �130 mEq/L, as opposed
to 4.8% of patients in the hypotonic
group. This difference was not statisti-
cally significant (p � 0.25). In this con-
trol, no severe hyponatremias were ob-
served in any of the two groups. In the
isotonic group, one patient suffered a
second-degree skin burn caused by an
extravasation of the fluid infused and
another one suffered an episode of hy-
poglycemia. No further side effects di-
rectly related with the infusion of intra-
venous fluids, other than electrolyte
abnormalities, were reported. No statis-
tically significant differences in the
number of side effects were observed

Table 4. Results of the first control (6 hrs)

Hypotonic Group Isotonic Group p

N 52 51
Serum sodium (mEq/L)

Alla 136.4 � 6.8 137.1 � 3.7 0.52d

Brain pathology and surgery 136.0 (133.0; 139.0) 137.0 (132.8; 138.8) 0.88e

Thoracic pathology and surgerya 136 � 6.9 136.9 � 3.1 0.72d

Extracorporeal surgerya 141.7 � 5.5 143.0 � 2.0 0.63d

Abdominal surgery 134.0 (131.0; 136.5) 136.0 (133.0; 139.5) 0.03e

Patients with hyponatremia
All 20/63 (31.7%) 15/59 (25.4%) 0.53f

Brain pathology and surgery 3/13 (23.1%) 2/10 (20%) 1.00f

Thoracic pathology and surgery 2/10 (20%) 2/12 (16.7%) 1.00f

Extracorporeal surgery 2/11 (18.2%) 0/6 (0%) 1.00f

Abdominal surgery 9/19 (47.4%) 9/22 (40.9%) 0.75f

Patients with moderate hyponatremia 4/63 (6.3%) 0/59 (0%) 0.12f

Patients with severe hyponatremia 4/63 (6.3%) 0/59 (0%) 0.12f

Serum potassium (mEq/L) 4.6 (3.7; 5.0) 4.2 (3.7; 5.0) 0.79e

Serum glucose (mg/dL)/(mmol/L) 129.0 (114.5; 190.1)/7.16 (6.35;10.55) 132.5 (116.0; 164.3)/7.35 (6.44;9.12) 0.96e

Creatinine (mg/dL)/(�mol/L) 0.3 (0.2; 0.5)/0.024 (0.018;0.040) 0.4 (0.3; 0.5)/0.032 (0.024;0.040) 0.27e

Urine sodium (mEq/L) 75.7 (38.5; 150.3) 127.5 (70.8; 185.7) 0.04e

Urine potassium (mEq/L) 49.0 (25.2; 86.2) 53.5 (31.8; 83.0) 0.33e

Urine osmolarityb (mOsm/L) 500 (400; 1000) 800 (400; 1040) 0.02d

Urine tonicityc (mmol/L) 144.4 � 80.9 186.8 � 86.8 0.03d

Percentage of side effects to IV fluids (other than electrolyte
abnormalities)

0/63 (0%) 0/59 (0%)

Patients with hypertension 15/63 (23.8%) 14/59 (23.7%) 0.72g

Patients with hypernatremia 4/63 (6.3%) 2/59 (3.3%) 0.68f

Serum sodium in patients with hypernatremiaa (mEq/L) 148.3 � 1.3 148.0 � 2.8 0.88d

Categorical variables are described with a percentage (%) and continuous variables are described with a median (p25, p75), except for awhich is described
with a mean � SD; bEstimated from urine specific gravity; cSum of sodium and potassium in urine, in mEq/L; dStudent’s t test; eMann–Whitney’s U test;
fFisher’s exact test; gPearson’s chi-squared test.

IV, intravenous; mg/dL, milligrams per deciliter; mEq/L, milliequivalents per liter; mOsm/L, milliosmols per liter; mmol/L, millimols per liter.

Table 5. Results at the second control (24 hrs)

Hypotonic Group Isotonic Group p

N 23 23
Serum sodiuma (mEq/L) 136.2 � 5.2 138.9 � 3.6 0.02b

Patients with hyponatremia 13/63 (20.6%) 3/59 (5.1%) 0.02c

Patients with moderate hyponatremia 3/63 (4.8%) 0/59 (0%) 0.25c

Patients with severe hyponatremia 0/63 0/59
Number of secondary effects to IV fluids

(other than electrolyte abnormalities)
Total 0/63 (0%) 2/59 (3.4%) 0.50c

Skin burns 0/63 (0%) 1/59 (1.7%)
Hypoglycaemia (�60 mg/dL) 0/63 (0%) 1/59 (1.7%)

Patients with hypertension 7/63 (11.1%) 7/59 (11.9%) 0.92d

Patients with hypernatremia 1/63 (1.6%) 1/59 (1.7%) 1.00c

Categorical variables are described with a percentage (%) and continuous variables are described
with a median (p25, p75), except for awhich is described with a mean � SD.

bStudent’s t test; cFisher’s exact test; dPearson’s chi-squared test.
IV, intravenous.
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between the two groups. No differences
were observed in the number of hyper-
natremias or in blood pressure values
between the two groups of the study.

Figures 3 and 4 show the Bayesian anal-
ysis performed to evaluate the probability of
hyponatremia and hypernatremia in both
groups. At 6 hrs following the initiation of
intravenous fluid therapy, the probability of
hyponatremia in the hypotonic group was

0.073, whereas in the isotonic group this
probability was �0.001. The probability of
hypernatremia at 6 hrs was �0.001 in both
groups. At 24 hrs, the probability of hypo-
natremia in the hypotonic group increased
to 0.089, whereas in the isotonic group this
probability continued to be �0.001. In this
control, the probability of hypernatremia in
both groups was also �0.001.

DISCUSSION

This study demonstrates that the use
of isotonic solutions as maintenance fluid
therapy prevents iatrogenic hyponatre-
mia in patients hospitalized in pediatrics
intensive care unit. We have observed
that after 24 hrs of infusion, patients re-
ceiving hypotonic fluids had lower natre-
mia levels and a higher incidence of hy-
ponatremia (number need to harm
[confidence interval (CI) 95%] � 7[4;
25]). This result confirms the hypothesis
suggested by Hoorn et al. (6) and con-
firmed in a recent meta-analysis (19) in-
dicating that the administration of hypo-
tonic fluids was the most relevant risk
factor for iatrogenic hyponatremia in pedi-
atrics. Neville et al. (20) have also verified,
in a randomized trial, that the use of iso-
tonic fluids for rehydration prevents iatro-
genic hyponatremia in pediatric patients
with acute gastroenteritis. Other two clin-
ical studies on postsurgical pediatric pa-
tients, one randomized (21) and another
one nonrandomized (11), have also been
published. In these studies, a significant
reduction of natremia in children receiving
hypotonic fluids was also reported.

No significant difference was found
in natremia or the percentage of hypo-Figure 2. Box-plot graph comparing natremia values in both groups at 24 hours.

Figure 3. Study using Bayesian statistics to assess the risk of hyponatremia and hypernatremia at first control (6 hours).
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natremia between both groups at 6 hrs
following the initiation of the infusion.
Nevertheless, the Bayesian analysis in-
dicated that the risk of hyponatremia in
patients receiving hypotonic fluids was
0.073 at 6 hrs and 0.089 at 24 hrs. In
patients receiving isotonic fluids, this
risk remained below 0.001 in both con-
trols, thus suggesting that the hy-
ponatremic effect of hypotonic fluids
accumulates depending on the duration
of the infusion.

When studying the subgroups per di-
agnosis, we observed that natremia levels
at 6 hrs were already lower in patients
undergoing abdominal surgery and re-
ceiving hypotonic fluids. This finding
may be biased by the formulation of the
fluids infused during surgery, but such
information was not collected in our
study. The randomized design of our
study tried to avoid this confusion and,
therefore, abdominal surgery may act as
an accelerating factor of the hyponatre-
mic effect of hypotonic fluids, a hypoth-
esis that should be confirmed in future
studies.

Iatrogenic hyponatremia increased
morbidity and mortality of hospitalized
patients (7–10). Twenty percent (CI 95%
� 10%–30%) of patients treated with hy-

potonic fluids at the time of hospital ad-
mission suffered from some degree of in-
travenous fluid-induced hyponatremia,
an incidence that was similar to that re-
ported in observational studies (6, 7). Our
clinical trial demonstrates that this risk
may be prevented with the use of isotonic
solutions in pediatric patients requiring
maintenance fluid therapy. Hoorn et al.
(6) recommend the use of isotonic flu-
ids exclusively in patients with sodium
levels below 138 mEq/L or undergoing
surgery. Our data show that this recom-
mendation may also be applied to all
patients with the same characteristics
than the population included in this
study, because natremia values at the
beginning of the study were between
130 and 150 mEq/L and patients had
different medical and surgical patholo-
gies.

In a retrospective review of 24,412 pa-
tients, Arieff et al. (7) calculated that the
incidence of deaths among patients with
iatrogenic hyponatremia was 8.4% (CI
95% � 1.85%–15.01%), and 1 of 12–54
patients with hospital-acquired hypona-
tremia would die, thus showing the clin-
ical relevance of hypotonic fluid-induced
disturbances.

Traditional guidelines and recommen-
dations published 50 yrs ago (1) and later
confirmed (14) are based on the oral ad-
ministration received by lactating chil-
dren and their urine sodium concentra-
tions. This does not take into account the
capacity of the digestive tract to act as a
functional barrier and to actively take
from its lumen the received elements de-
pending on the body’s requirements (22).
When we administer fluids intravenously,
i.e., nonphysiologically, all the infused el-
ements directly pass to the intravascular
space where a delicate tonicity balance
determines the intravascular and ex-
travascular spaces. To not disturb this
balance, we should think that the amount
of sodium administered per kilogram
weight is not as relevant as the concen-
tration per liter of volume infused, and
that this should be the physiologic con-
centration of sodium in the extracellular
space.

It has been suggested that the use of
isotonic fluids could theoretically entail
risks (23). The percentage of hypernatre-
mia was not different between both
groups either at 6 hrs or at 24 hrs. The
Bayesian analysis of the two cohorts in-
dicate that the probability of hypernatre-
mia with any of the fluids assessed was

Figure 4. Study using Bayesian statistics to access the risk of hyponatremia and hypernatremia at second control (24 hours).
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�0.001 during the study. The percentage
of phlebitis and hypertension was not dif-
ferent between the two groups in any
study control. Therefore, the supposed
risks of isotonic solutions do not seem
real in practice and should not affect the
decision of using them.

Our recommendation is to use iso-
tonic fluids as maintenance liquids from
the beginning of fluid therapy in all pa-
tients who do not have important free
water loss through the urine (diabetes
insipidus) or previous plasma sodium ab-
normalities. It is also important to stress
that no side effects because of the infu-
sion of these fluids have been reported,
either in pediatric or in adult patients.
Our results support the recommendation
by Holliday et al. (23) suggesting that
isotonic fluids should be used for 6–12
hours in patients undergoing surgery to
restore volemia and reduce the amount of
antidiuretic hormone. However, they do
not support the recommendation of
changing isotonic fluids for hypotonic
fluids after 12 hrs to avoid hypernatre-
mia. The probability of inducing hyper-
natremia with the isotonic drip is very
low (and the same as with the hypotonic
drip), and replacing it with the hypotonic
drip would increase the risk of hypona-
tremia. The main factor of iatrogenic hy-
ponatremia is the maintenance of hypo-
tonic fluids for �6 hrs of fluid therapy
and, thus the protective effect of isotonic
liquids is only found in long-term treat-
ments. In addition, this type of fluids
should be administered from the begin-
ning in patients undergoing abdominal
surgery, taking into account their higher
tendency toward decreasing natremia.

The literature based on Stewart’s
acid–base approach predicts that the use
of fluids with the same concentration of
chloride and sodium ions induces meta-
bolic acidosis (24). Two clinical trials (25,
26) have demonstrated that this predic-
tion comes true in humans. In our study,
we have not been able to assess the effects
of the recommended regime of fluid ther-
apy on pH, because the protocol did not
include the routine measurement of
blood pH. Although our results support
the use of isonatremic maintenance flu-
ids, it still has to be determined whether
it would be more advisable to use fluids
with more sodium than chloride (26).

The main limitation of this study is
the relevant number of patients who
withdrew from the study. This may be
justified by the high number of patients
not requiring fluid therapy for more than

a few hours at our unit. Ethical reasons
did not allow us to extend the hours of
intravenous infusion, so we studied the
losses to ensure that they had been dis-
tributed homogeneously between the two
groups. No significant differences were
found in any of the two controls. The
intention-to-treat analysis and the ho-
mogenicity of the patients who with-
drew from the study do not compromise
the veracity of the results. Another
source of bias is the fact that the study
was not blinded, but blinding it would
have increased too much the complex-
ity of our study. Also, heterogeneity re-
garding the control therapy represents
a study limitation, but we wanted to
compare isotonic fluids with the stan-
dard practice used in our institution
(2– 4 mmol/kg/day, following Holliday’s
recommendations [1]).

In conclusion, this study demon-
strates that isotonic fluids prevent iat-
rogenic hyponatremia without induc-
ing a higher incidence of side effects.
Therefore, these would be the mainte-
nance fluids that should be selected for
patients with no excessive and contin-
uous loss of free water or previous
plasma sodium abnormalities. The tra-
ditional recommendation by Holliday
and Segar (1) should be reconsidered,
and the amount of sodium adminis-
tered with regards to the volume of the
infusion and not per kilogram of weight
of the children should be assessed. Fur-
thermore, the higher risk of hyponatre-
mia in patients undergoing abdominal
surgery and receiving hypotonic solu-
tions should be confirmed, and the
isonatremic dilution to be used to min-
imize the risk of hyperchloremic acido-
sis should be determined.

REFERENCES

1. Holliday MA, Segar WE: The maintenance
need for water in parenteral fluid therapy.
Pediatrics 1957; 19:823–832

2. Powell KR, Sugarman LI, Eskenazi AE, et al:
Normalization of plasma arginine vasopres-
sin concentrations when children with men-
ingitis are given maintenance plus replace-
ment fluid therapy. J Pediatr 1990; 117:
515–522

3. Neville KA, Verge ChF, O’Meara MW, et al:
High antidiuretic hormone levels and hypo-
natremia in children with gastroenteritis.
Pediatrics 2005; 116:1402–1407

4. Thomas TH, Morgan DB: Post-surgical hy-
ponatremia: The role of intravenous fluids
and arginine vasopressin. Br J Surg 1979;
66:540 –542

5. Moritz ML, Ayus JC: Prevention of hospital-
acquired hyponatremia: A case for using iso-
tonic saline. Pediatrics 2003; 111:227–230

6. Hoorn EJ, Geary D, Robb M, et al: Acute
hyponatremia related to intravenous fluid
administration in hospitalized children: An
observational study. Pediatrics 2004; 113:
1279–1284

7. Arieff AI, Ayus JC, Fraser CL: Hyponatremia
and death or permanent brain damage in
healthy children. BMJ 1992; 304:1218–1222

8. Halberthal M, Halperin ML, Bohn D: Lesson
of the week: Acute hyponatremia in children
admitted to hospital. BMJ 2001; 322:
780–782

9. Hanna S, Tibby SM, Durward A, et al: Inci-
dence of hyponatremia and hyponatremic
seizures in severe respiratory sincitial virus
bronchiolitis. Acta Paediatr 2003; 92:
430–434

10. Playfor S: Fatal iatrogenic hyponatremia.
Arch Dis Child 2003; 88:646–647

11. Brazel PW, McPhee IB: Inappropriate secre-
tion of antidiuretic hormone in postoperative
scoliosis patients: The role of fluid manage-
ment. Spine 1996; 21:727

12. Duke T, Molyneux EM: Intravenous fluids for
seriously ill children: Time to reconsider.
Lancet 2003; 362:1320–1323

13. Taylor D, Durward A: Pouring salt on trouble
waters. Arch Dis Child 2004; 89:411–414

14. Chesney RW: The maintenance need for wa-
ter in parenteral fluid therapy. Pediatrics
1998; 102(1 Pt 2):399–400

15. Moritz M, Ayus JC: Preventing neurological
complications from dysnatremias in chil-
dren. Pediatr Nephrol 2005; 20:1687–1700

16. Kher KK, Makker SP: Clinical Pediatric Ne-
phrology. Washington, DC, McGraw-Hill,
1992, p 28

17. National High Blood Pressure Education
Program Working Group on High Blood
Pressure in Children and Adolescents. The
Fourth Report on the Diagnosis, Evaluation,
and Treatment of High Blood Pressure in
Children and Adolescents. Pediatrics 2004;
114:555–576

18. Furberg CD, Friedman LM, Demets DL: Fun-
damentals of Clinical Trials. Third Edition.
New York: Springer, 1998

19. Choong K, Kho MF, Menon K, et al: Hypo-
tonic versus isotonic saline in hospitalised
children: A systematic review. Arch Dis Child
2006; 91:828–835

20. Neville KA, Verge CF, Rosenberg AR, et al:
Isotonic is better than hypotonic saline for
intravenous rehydration of children with
gastroenteritis: A prospective randomised
study. Arch Dis Child 2006; 91:226–232

21. Dagli G, Orhan ME, Kurt E: The effects of
different hydration fluids used in pediatric
anaesthesia on blood glucose, electrolytes,
and cardiovascular stability. GATA Bulteni
1997; 39:146–152

22. Guyton AC, Hall JE: Textbook of Medical

596 Pediatr Crit Care Med 2008 Vol. 9, No. 6



Physiology. Ninth Edition. McGraw-Hill,
1997, pp 909–910

23. Holliday MA, Friedman AL, Segar WE, et al:
Acute hospital induced hyponatremia in chil-
dren: A physiologic approach. J Pediatr 2004;
145:7

24. Corey HE: Stewart and beyond: New models
of acid-base balance. Kidney Int 2003; 64:
777–787

25. Scheingraber S, Rehm M, Sehmisch C, et al:
Rapid saline infusion produces hyperchlor-
emic acidosis in patients undergoing gyne-

cologic surgery. Anesthesiology 1999; 90:
1265–1270

26. Mc Farlane C, Lee A: A comparison of Plas-
malyte 148 and 0.9% saline for intra-
operative fluid replacement. Anaesthesia
1994; 49:779–781

597Pediatr Crit Care Med 2008 Vol. 9, No. 6


