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Aims: To determine whether the risk of hyponatraemia in children with gastroenteritis receiving
intravenous (IV) fluids is decreased by the use of 0.9% saline.
Methods: A prospective randomised study was carried out in a tertiary paediatric hospital. A total of 102
children with gastroenteritis were randomised to receive either 0.9% saline + 2.5% dextrose (NS) or 0.45%
saline + 2.5% dextrose (N/2) at a rate determined by their treating physician according to hospital
guidelines and clinical judgement. Plasma electrolytes, osmolality, and plasma glucose were measured
before (T0) and 4 hours after (T4) starting IV fluids, and subsequently if clinically indicated. Electrolytes and
osmolality were measured in urine samples. Results were analysed according to whether children were
hyponatraemic (plasma sodium ,135 mmol/l) or normonatraemic at T0.
Results: At T0, mean (SD) plasma sodium was 135 (3.3) mmol/l (range 124–142), with 37/102 (36%)
hyponatraemic. At T4, mean plasma sodium in children receiving N/2 remained unchanged in those
initially hyponatraemic (n = 16), but fell 2.3 (2.2) mmol/l in the normonatraemic group. In contrast, among
children receiving NS, mean plasma sodium was 2.4 (2.0) mmol/l higher in those hyponatraemic at
baseline (n = 21) and unchanged in the initially normonatraemic children. In 16 children who were still
receiving IV fluids at 24 hours, 3/8 receiving N/2 were hyponatraemic compared with 0/8 receiving NS.
No child became hypernatraemic.
Conclusions: In gastroenteritis treated with intravenous fluids, normal saline is preferable to hypotonic
saline because it protects against hyponatraemia without causing hypernatraemia.

ecent publications1–3 have highlighted the potential for
life threatening hyponatraemia associated with the use
of intravenous hypotonic saline in hospitalised children,
including children with gastroenteritis.2 4 Although most
guidelines recommend low osmolarity oral rehydration
solutions for rehydration of children with mild to moderate
dehydration secondary to non-cholera gastroenteritis,5–7
intravenous fluids are frequently used when oral rehydration
is not tolerated, particularly in developed countries.8–10 There
is no consensus however on the most appropriate electrolyte
composition of intravenous (IV) fluids, with recommendations ranging from 0.45% to 0.9% saline solutions.5–7 11
Previously, we have documented antidiuretic hormone
(ADH) activity inappropriate for the plasma sodium and
osmolality in children receiving intravenous fluids for mild to
moderate dehydration associated with gastroenteritis.12
While this could cause dilutional hyponatraemia irrespective
of the saline content of the fluid, the use of a fluid with a
higher tonicity presenting less electrolyte free water should
reduce this risk.1 13
To explore this, we studied the changes in blood and urine
biochemistry in children with a presumptive diagnosis of
gastroenteritis in whom a decision to treat with IV fluids had
been made by their treating physician. Apart from randomisation to either normal or half normal saline, other aspects of
management, including fluid rate, were determined by the
treating physician based on hospital guidelines and clinical
judgement. As we found previously that the biochemical
response to IV fluids differed according to the plasma sodium
at presentation,12 we analysed the results according to
whether children were hyponatraemic or normonatraemic
at presentation.
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METHODS
The study was conducted at Sydney Children’s Hospital
between the months of August and October 2002, corresponding to the annual peak incidence of rotavirus infection.14 Children aged between 6 months and 14 years with a
presumptive diagnosis of gastroenteritis were eligible for
enrolment in the study only after a decision to treat with
intravenous (IV) fluids had been made by their treating
physician, independent of the study (fig 1). The reasons
recorded for this decision were the combination of dehydration and either continued vomiting or inadequate intake of
oral fluids in the emergency department. Children were
excluded from the study if they had a known abnormality of
ADH secretion, nephrogenic diabetes insipidus, pituitary or
hypothalamic disease, renal disease, acute or chronic lung
disease, or were receiving drugs known to stimulate ADH
secretion. The study protocol was approved by the South
Eastern Area Research Ethics Committee and informed
consent was obtained from a parent/guardian of all children.
At enrolment, children were prospectively randomised to
receive either 0.45% saline + 2.5% dextrose (N/2) or 0.9%
saline + 2.5% dextrose (NS) by sequential selection of an
opaque sealed envelope containing the fluid choice. The
treating physician was told which fluid had been selected.
The rate of infusion was not randomised, but was determined
by the treating physician according to one of two clinical
protocols in use in the emergency department: the ‘‘rapid
replacement protocol’’ (RRP; 10 ml/kg/h for 4 hours), or the
‘‘slow replacement protocol’’ (SRP; maintenance fluids15 +
Abbreviations: ADH, antidiuretic hormone; IV, intravenous; RRP, rapid
replacement protocol; SRP, slow replacement protocol
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852 children with presumed diagnosis of
gastroenteritis August to October 2002

262 eligible children
(Decision to treat with IV fluids made by
treating physician prior to enrolment in study)

124/124 children approached and agreed
to participate†

62 randomised to
0.45% saline (N/2)

62 randomised to
0.9% saline (NS)

51 in analysis

51 in analysis

11 excluded (5 male)
10 – no T4 blood sample
1 – incorrect diagnosis
(renal impairment)

11 excluded (4 male)
10 – no T4 blood sample
1 – fluid type changed in
error <4 hours

Figure 1 Flow diagram of patient selection. *Corresponding to the
annual peak incidence of rotavirus infection. A registered nurse was
employed 40 hours per week (including weekends and after hours) to
facilitate the correct administration of the study protocol in a busy
emergency department. Enrolment was carried out only during her shifts.

estimated dehydration as a percentage of body weight
replaced over 24 hours). Blood samples were collected before
(T0) and 4 hours after (T4) the start of IV fluids, with the T4
measurement corresponding to completion of the RRP. The
study protocol permitted the treating physician to change the
fluid type after the first 4 hours of infusion. However this
was done in two patients only: one child was changed from
NS to N/2 at 5 hours because the plasma sodium concentration had increased from 130 to 135 mmol/l; and one was
changed from N/2 to NS at 10 hours because the plasma
sodium concentration remained below 135 mmol/l.
Details of the illness prior to presentation were recorded.
The admission weight, length (in children under 2 years), or
height and body mass index (BMI; weight/height2) were
expressed as standard deviation scores (SDS)16 17 to allow
comparison across ages. The degree of dehydration at
presentation was estimated using standard clinical measures.18 Stools for culture and rotavirus antigen testing were
obtained in 35/102 children, 30 of which were positive for
rotavirus antigen. There were no differences in the historical,
clinical, or biochemical characteristics at presentation or the
fluid rate received, comparing the 51 children who received
N/2 with the 51 who received NS (table 1) as would be
expected from the randomisation.
The blood samples were analysed for the concentrations of
sodium, potassium, bicarbonate, urea, and creatinine using
ion selective electrodes, glucose using an oxygen rate method,
and osmolality using freezing point depression. Urine sample
collection via urine bag in incontinent children and clean
catch specimens in toilet trained children was attempted for
the determination of sodium and potassium concentrations,
tonicity (urinary sodium plus potassium concentration), and
osmolality. In addition, ketonuria was assessed by
Ketodiastix (Bayer Clinitest 50, Bridgend, South Wales,
UK) in the first urine specimen passed; the results were
recorded as either absent, trace, small, moderate, or large. A
sample of the first urine passed was collected in 76/102

children, in only 43 of whom was it passed between 21 and
+2 hours of T0, consistent with this being a dehydrated
population. In 36/43 children a subsequent urine specimen
(U2nd) was obtained between 3 and 12 hours (median
4.8 hours) after T0, allowing analysis of the change in
electrolytes and osmolality.
The short term response of plasma and urinary electrolytes
and osmolality to treatment was analysed according to
whether the children were hyponatraemic (plasma sodium
,135 mmol/l) or normonatraemic at T0. A change in plasma
sodium of >2 mmol/l was considered to be biochemically
significant as this exceeds the coefficient of variation (CV) of
the assay for the laboratory reference range of 135–
145 mmol/l (CV 1.3–1.5%).
To gauge the prevalence of hypo- or hypernatraemia during
prolonged fluid administration, plasma and urinary data in
42/102 children (22 N/2) whose IV fluids were continued for
.4 hours were analysed in each child. Variable data on each
child were available (between 8 and 31 hours after T0)
depending on the duration of IV infusion.
Statistical analysis
All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS Inc., Chicago, IL, version
11.0 for Windows). Results were expressed as either mean
(SD) or median (range) unless otherwise indicated. Means
between groups were compared by independent t tests and
paired variables by paired sample t tests. Medians were
compared by the Mann-Whitney U test and changes over
time were compared by the Wilcoxon signed rank test.
Categorical data were analysed using cross tabulation and the
x2 test or Fisher’s exact test if two cells had expected counts
less than 5. Statistical significance was defined as a p value
less than 0.05.

RESULTS
Baseline clinical and biochemical characteristics
The mean (SD) plasma sodium concentration at T0 in the 102
children was 135 (3.3) mmol/l (range 124–142). Thirty seven
of the children (36%) were hyponatraemic at T0, four of
whom had a plasma sodium concentration less than
130 mmol/l. The median length of illness prior to presentation was longer in the hyponatraemic children (2 days, range
,24 hours to 5 days) compared with the normonatraemic
children (1 day, range ,24 hours to 7 days; p , 0.01) and
the mean BMI SDS was lower (20.7 (1.2) v 20.1 (1.1);
p , 0.01). Comparing the children who were hyponatraemic
versus those who were normonatraemic at T0, there were no
differences in age (mean 2.8 (1.3) years v 2.9 (2.0) years;
p = 0.72), sex (51% v 46% male; p = 0.61), percent dehydration (median 5% (range 3–7) v 5% (range 3–7); p = 0.27),
rotavirus positivity (12/13 v 18/22 tested; p = 0.74), or the
type (43% v 53% N/2; p = 0.30) or rate (78% v 75% RRP;
p = 0.73) of intravenous fluids subsequently received.
The first urine was passed a median of 2.3 hours (range
21.0 to 13.5) after starting intravenous fluids. In the 76/102
in whom this was collected, the median urinary sodium
concentration was higher in samples containing ‘‘moderate’’
or ‘‘large’’ ketones (57/76; 58 mmol/l, range ,10–209)
compared with those that were negative for ketones or had
only trace or small amounts (19/76; 20 mmol/l, range ,10–
109; p , 0.01).
In the 43 children for whom a urine sample was passed
and obtained within 2 hours of T0, the median urinary
osmolality was 971 mOsm/kg (range 315–1290 mOsm/kg),
median urinary sodium concentration was 58 mmol/l (range
,10–209 mmol/l), and median urinary potassium 71 mmol/l
(range 13–232). The median urinary tonicity (urinary
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Table 1 Baseline clinical and biochemical characteristics of the children randomly
assigned to receive either 0.45% saline (N/2) or 0.9% saline (NS)
N/2
n = 51

NS
n = 51

M/F
Age, years*
% dehydrated
Height SDS*`
Weight SDS*`
BMI SDS*`
Duration of illness prior
Presenting symptoms, n (%)
Vomiting illness only
Diarrhoea only
Vomiting and diarrhoea

30/21
3.1 (2.0)
5 (3–7)
0.4 (1.1)
0.0 (1.1)
20.4 (1.2)
1 day (,24h–7d)

23/28
2.7 (1.5)
5 (3–7)
0.5 (1.3)
0.1 (0.9)
20.3 (1.2)
2 days (,24h–5d)

18 (35%)
1 (2%)
32 (63%)

11 (22%)
1 (2%)
39 (77%)

Fluid rate initiated
RRP
SRP

40/51
11/51

38/51
13/51

Plasma biochemistry*
Sodium, mmol/l
Potassium, mmol/l
Bicarbonate, mmol/l
Urea, mmol/l
Creatinine, mmol/l
Glucose, mmol/l1
Osmolality, mOsm/kg
Hyponatraemia (plasma Na ,135 mmol/l) at T0, n (%)

136 (2.8)
4.0 (0.5)
17.9 (2.9)
5.1 (1.9)
46.6 (12.2)
4.3 (1.1)
281 (7)
16/51 (31%)

135 (3.6)
4.0 (0.5)
17.8 (3.0)
5.6 (1.9)
45.9 (10.4)
4.4 (1.1)
281 (8)
23/51 (41%)

Urine biochemistry
Sodium, mmol/l
Potassium, mmol/l
Tonicity (sodium + potassium), mmol/l
Osmolality, mOsm/kg

n = 23
58 (,10–204)
71 (13–171)
161 (19–285)
973 (315–1290)

n = 20
63 (,10–209)
70 (19–232)
153 (26–300)
1004 (574–1200)

SDS, standard deviation score.
Results are expressed as either *mean (SD) or median (range). As expected from randomisation, there were no
significant differences between the groups. The rate of IV fluids received conformed to either the rapid replacement
protocol (RRP) or slow replacement protocol (SRP) at the discretion of the treating physician.
`The admission weight, length (in children under 2 years), or height and body mass index (BMI; weight/height2)
were expressed as standard deviation scores (SDS) to allow comparison across ages.
1Four children aged between 0.9 and 3.7 years had blood glucose concentrations at T0 of between 2.0 and 2.6
mmol/l. The hypoglycaemia responded to the 2.5% dextrose content of each study fluid and subsequent
investigations excluded a second pathology.
Analysis of urine samples collected in 43 of 49 children who passed urine between 21 and +2 hours of starting IV
fluids.

concentrations of sodium + potassium) was 161 mmol/l
(range 19–300), approximately that of normal saline
(154 mmol/l). The urinary sodium, tonicity, and osmolality
were similar in the NS (20/43) and N/2 (23/43) groups
(table 1) and were independent of whether children were
hyponatraemic (16/43) or normonatraemic (27/43) at baseline (hyponatraemic versus normonatraemic children: median urinary sodium 52 (range ,10 to 204) v 70 (range ,10 to
209), p = 0.39; median urinary tonicity 131 mmol/l (range 19
to 285) v 163 mmol/l (range 22 to 300), p = 0.1; median
urinary osmolality 935 (range 315 to 1290) v 1036 (range 356
to 1239), p = 0.35). The median urinary potassium however
was lower in the hyponatraemic children (68 (range 13–91) v
89 (range 16–232), p = 0.03).
Effect of IV fluid infusion rate on change in plasma
sodium
The infusion rate (RRP versus SRP) was not a determinant of
the change in plasma sodium in either treatment arm.
In the NS group, those treated with the RRP (38/51) had a
median change in sodium of +1 mmol/l (range 27 to 6)
versus SRP +2 mmol/l (range 21 to 8) (p = 0.08). In children
receiving N/2 the median change in plasma sodium in those
who received RRP (40/51) was 21 mmol/l (range 26 to +2)
versus 21 (range 25 to +3) in those treated according to the
SRP (p = 0.92, Mann-Whitney U test).
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Effect of IV fluid type on plasma sodium at T 4
The plasma sodium response to N/2 versus NS differed
depending on whether the children were hyponatraemic or
normonatraemic initially.
After 4 hours rehydration with N/2, the mean plasma
sodium had not changed in the hyponatraemic children
(p = 0.32) but had decreased significantly in the initially
normonatraemic group (p , 0.001; table 2, fig 2). In the
normonatraemic group, plasma sodium decreased by
>2 mmol/l in 51% (18/35) compared with 13% (2/16) in
the hyponatraemic group (p , 0.001; table 2). In 20% of the
initially normonatraemic children (7/35), the fall was
>5 mmol/l. The maximum decrease was 6 mmol/l in two
children treated with N/2 by RRP. The maximum increase in
plasma sodium over 4 hours was 3 mmol/l in a child treated
with N/2 by SRP.
In contrast, after 4 hours rehydration with NS, there was a
mean increase in plasma sodium of 2.4 (1.5) mmol/l in
children who were initially hyponatraemic (p , 0.001)
compared with no significant change in the normonatraemic
group (p = 0.08; table 2, fig 2). Thirteen per cent (4/30) of the
normonatraemic group and none of the hyponatraemic group
experienced a decrease in plasma sodium of >2 mmol/l
(table 2). The maximum decrease in plasma sodium
concentration was 7 mmol/l (140 to 133 mmol/l) in a
normonatraemic child, in whom fluids were discontinued
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Table 2 Mean (SD) plasma sodium and osmolality at baseline (T0) and after 4 hours of intravenous rehydration (T4) in the
initially hyponatraemic (plasma sodium ,135 mmol/l) versus normonatraemic (plasma sodium 135–145 mmol/l) children
who received either 0.45% saline + 2.5% dextrose (N/2) or 0.9% saline + 2.5% dextrose (NS)
N/2 (n = 51)

T0 sodium (mmol/l)
T4 sodium (mmol/l)
Change in sodium (mmol/l)
Sodium decreased > 2 mmol/l from 0–4 hours
T0 osmolality (mOsm/kg)
T4 osmolality (mOsm/kg)

NS (n = 51)

Hyponatraemic
(n = 16)

Normonatraemic
(n = 35)

132 (1.5)
133 (1.8)
+0.4 (1.7)
13% (2/16)
277 (6.3)
276 (4.4)

137 (1.7)
135 (1.8)*
22.3 (2.2)
51% (18/35)
283 (7.2)
278*(5.0)

p value

Hyponatraemic
(n = 21)

Normonatraemic
(n = 30)

p value

,0.001
,0.001
,0.01
0.005
0.21

132 (2.4)
134 (2.1)*
+2.4 (2.0)
0% (0/21)
277 (6.9)
279 (4.3)

137 (2.2)
138 (2.9)
+0.8 (2.4)`
13% (4/30)
284 (6.9)
283 (6.7)

,0.001
0.02
0.13
0.001
0.01

*p,0.001, T4 versus T0.
p = 0.003, hyponatraemic children NS versus N/2.
`p,0.001, normonatraemic children NS versus N/2.

at completion of the RRP; it was associated with an
inappropriately high urinary sodium concentration in concentrated urine at 6 hours (urinary sodium 76 mmol/l, potassium
94 mmol/l, tonicity 170 mmol/l, osmolality 885 mOsm/kg). The
maximum increase in plasma sodium over 4 hours was
8 mmol/l, from 124 to 132 mmol/l in a child treated with NS
by SRP. Plasma osmolality changes in all groups were consistent
with changes in plasma sodium (Table 2).
Response of urinary sodium, tonicity, and osmolality
to IV fluids
To assess the response of urinary electrolytes and osmolality
to IV fluids, only the 36 children with a baseline (Ubase) and
subsequent (U2nd) urine sample were analysed (table 3).
Apart from being slightly older than the rest of the study
group (median 3.8 years (range 1.1–11.9) v 2.0 years (range
0.8–7.5); p , 0.001), the 36 children’s clinical and biochemical data (T0 and T4) were comparable with the group as a
whole. Nineteen received NS and 17/36 received N/2. Eight
children in each group were hyponatraemic at T0.
Irrespective of the fluid received or the plasma sodium at
T0, urinary potassium concentration decreased (table 3),
which would be consistent with a decrease in aldosterone
A

Plasma sodium (mmol/l)

145

All children
p < 0.001

B
p < 0.001

secretion following volume expansion. In contrast, the
urinary concentration of sodium in the second sample varied
according to the initial plasma sodium concentration and the
fluid received. The urinary concentration of sodium decreased
in the hyponatraemic children treated with NS and tended to
do so in those receiving N/2 (table 3), whereas it increased in
the normonatraemic children receiving NS and did not
change in those receiving N/2 (table 3).
In keeping with the changes in concentration of sodium
and potassium, the median urinary tonicity of the second
urine sample had decreased significantly in the hyponatraemic children (table 3) to less than that of half normal saline.
In the normonatraemic children, the median urinary tonicity
decreased, but remained above that of half normal saline in
the N/2 group and remained approximately that of normal
saline in the NS group.
Median urine osmolality decreased in both treatment
groups irrespective of the initial plasma sodium (table 3).
Biochemical changes during more prolonged fluid
administration
Forty two children (22 N/2 and 20 NS) received IV fluids for
more than 4 hours. These comprised all 24/102 children who

Hyponatraemic at T0

145

p < 0.001

C
145

140

140

140

135

135

135

130

130

130

125

125

125

120

N/2 (51)

NS (51)

120

N/2 (16)

NS (21)

120

Normonatraemic at T0
p < 0.001

N/2 (35)

NS (30)

Figure 2 Box plots showing the plasma sodium concentration at baseline (T0; shaded) and after 4 hours (T4; white) infusion of either N/2 or NS in (A)
all children and those who were either (B) hyponatraemic or (C) normonatraemic prior to starting IV fluids. Box plots show the mean (solid horizontal
line), median (dashed horizontal line), interquartile range (box limits), and minimum and maximum (whiskers), except that extreme outliers (greater
than 1.5 box lengths from the edge of the box) are shown as individual data points. In the N/2 group, mean plasma sodium concentration did not
change in the initially hyponatraemic children and decreased in the initially normonatraemic children. In the NS group however, mean plasma sodium
increased in the hyponatraemic children and did not change in the normonatraemic children. No child became hypernatraemic.
*Paired t test T4 v T0.
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0.01
0.003
0.63
0.006
125
39
165
881
(17–209)
(42–232)
(59–300)
(707–1200)
79
107
183
1076
59
47
104
668
Results are expressed as median (range).
The p values refer to the comparison by Kruskall Wallis test of U2nd with Ubase.

(,10–109)
(19–88)
(26–175)
(574–1072)
0.09
0.02
0.02
0.02
23
23
45
506
Na (mmol/l)
72 (,10–204)
K (mmol/l)
70 (12–91)
Tonicity (mmol/l)
151 (19–285)
Osmolality (mOsm/kg) 976 (332–1290)

Ubase

N/2 (n = 8)

Hyponatraemic at T0

U2nd

(,10–82)
(4–38)
(11–109)
(110–944)

p value

(,10–75)
(6–65)
(14–140)
(339–1059)

0.04
0.02
0.02
0.02

80
105
178
1036
16
24
40
768
38
58
106
935

(16–124)
(57–171)
(146–213)
(856–1239)

U2nd
N/2 (n = 9)

Ubase
p value
U2nd

NS (n = 8)

Ubase

Normonatraemic at T0

(10–123)
(10–74)
(67–170)
(284–1139)

0.44
0.008
0.008
0.008

Ubase
p value

NS (n = 11)

U2nd

(19–294)
(3–94)
(46–322)
(317–1177)

p value

Neville, Verge, Rosenberg, et al

Table 3 Response of urinary sodium, potassium, tonicity (Na + K), and osmolality to either N/2 or NS, according to whether the children were hyponatraemic or normonatraemic at T0 in
the 36 children in whom a baseline urine sample (Ubase) was collected within 2 hours of T0, and a second sample (U2nd) was collected a median of 4.8 hours (range 3–12) after T0
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were treated according to the SRP (table 1) plus 18/78 (11 N/
2, 7 NS) who completed the RRP but continued IV fluids
according to the SRP because of continued vomiting or poor
oral fluid intake. Plasma biochemistry at T4 was similar to
that of the group as a whole (data not shown). Plasma
sodium concentrations were available at 24 hours in 16
children (8 N/2) who continued to receive at least half of
their maintenance requirement of fluid15 intravenously, at
which time no child receiving NS had a plasma sodium
,135 mmol/l (range 135–142 mmol/l) compared with 3/8 of
the N/2 group (range 131–140 mmol/l). The maximum
increase in plasma sodium over 24 hours was 12 mmol/l to
136 mmol/l in a child receiving NS.
To gauge the potential for clinically significant dilutional
hyponatraemia among the 42 children who received prolonged IV fluids, each individual’s longitudinal biochemical
data were studied. Five of the 22 treated with N/2 but none
treated with NS (N/2 v NS: p = 0.03, Fisher’s exact test) had
persistent significant hyponatraemia (sodium (131 mmol/l)
or falls in plasma sodium >4 mmol/l to below 135 mmol/l
associated with an inappropriately high urinary sodium
content (range 30–140 mmol/l) and urine osmolality higher
than plasma osmolality (range 462–1058 mOsm/kg), suggesting that they were at risk of dilutional hyponatraemia. The
plasma and urinary abnormalities were documented to
persist for a median of 19 hours (range 8–27).
As no child who received prolonged NS developed this
problem, we analysed data from the 22 children who received
N/2 for more than 4 hours to identify potential clinical or
biochemical predictors that could allow early detection of
those at risk. Comparing the five children who developed
significant dilutional hyponatraemia with the remaining
17/22, no clinical or biochemical parameters emerged that
would allow early identification of those at risk, except for
continuation of IV fluids beyond 4 hours after completion of
the RRP (completion of RRP: 5/5 affected v 6/17 unaffected;
p = 0.04). Apart from a slightly higher median urea
(6.8 mmol/l (range 5.3–9.1) v 5.1 mmol/l (range 1.2–8.7);
p = 0.02) suggestive of more severe dehydration, there were
no differences in their median age (p = 0.09), BMI SDS
(p = 0.24), estimated degree of dehydration (p = 0.54),
length of illness prior to presentation (p = 0.49), baseline
plasma sodium (p = 0.82), bicarbonate (p = 0.09), or creatinine (p = 0.14). Three of the five children had stool cultures
performed, all of whom were positive for rotavirus.

DISCUSSION
Recently, the basis for the use of intravenous hypotonic saline
solutions in sick children has been questioned and it has been
suggested that the use of isotonic saline solutions might
decrease the frequency of iatrogenic hyponatraemia.1 2 13 In
this prospective, randomised study we have shown that when
children with gastroenteritis are treated with intravenous
fluids, hyponatraemia is less likely to develop or persist if an
isotonic rather than hypotonic saline solution is used.
The baseline clinical and biochemical characteristics of the
102 children in our current report were similar to those in our
previous study.12 Hyponatraemia was common at presentation (36%). This has been attributed to the sodium content of
diarrhoeal losses19 20 and low salt intake;19 but the inappropriately high urinary sodium content we again documented
at presentation may also contribute. The relationship we
observed between the sodium concentration in the first urine
sample passed and the degree of ketonuria suggests that the
excretion of ketones as sodium salts may have contributed to
the relatively high urinary sodium concentrations, consistent
with reported association between natriuresis and starvation.19 21
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Hyponatraemia in hospitalised children, including
those with gastroenteritis, is common and can be
associated with cerebral oedema and death
Hypotonic saline solutions are frequently used in
children and have been suggested to contribute to the
development of hyponatraemia

Non-osmotic ADH activity is thought to underlie the
development of hospital acquired dilutional hyponatraemia
by preventing the excretion of electrolyte free water during
fluid administration.3 22 Gerigk and colleagues23 documented
raised ADH levels independent of osmolality in children with
a variety of common acute childhood illnesses and we have
reported that osmotically inappropriate ADH activity is
common and persistent in children with gastroenteritis.12
Consistent with this, the biochemical response to N/2 was
almost identical in this and our previous study12 in which all
of the children received N/2. In both studies, the mean
plasma sodium concentrations of children who were initially
normonatraemic decreased, and those of children who were
hyponatraemic did not improve in response to N/2. Half the
normonatraemic children and 13% of the hyponatraemic
children treated with N/2 experienced a decrease in plasma
sodium >2 mmol/l, and after 24 hours, 3 of 8 children largely
dependent on IV fluids were hyponatraemic. In contrast, the
use of isotonic saline over 4 hours resulted in maintenance of
plasma sodium in those initially normonatraemic and an
increase in those initially hyponatraemic. None developed
hypernatraemia. After 24 hours, all 8/51 children still
receiving normal saline were normonatraemic. Five of the
22 (23%) who received prolonged half-normal saline displayed biochemistry suggestive of dilutional hyponatraemia,
compared with none of the 20 treated with normal saline.
These findings suggest that in children with gastroenteritis,
the use of hypotonic fluids exacerbates the tendency to
develop hyponatraemia whereas the use of isotonic saline is
protective.
The urinary biochemistry may provide some basis for
understanding the decreased risk of hyponatraemia in
children given isotonic saline and is reassuring with respect
to the risk of hypernatraemia. As seen in our previous study,12
despite mild to moderate dehydration and irrespective of the
plasma sodium concentration, the median urinary sodium
concentration at presentation approximated that of halfnormal saline and the urinary tonicity approximated that of
normal saline. Urinary tonicity is a better reflection of free
water clearance than urinary osmolality24 because an
important component of osmolality is urea, which readily
crosses cell membranes and therefore does not influence
water movement. Administration of a fluid of lower tonicity
than that of the urine being passed is predicted to result in a
decrease in plasma sodium concentration because of the
retention of free water implicit in the excretion of urine with
a higher tonicity. After several hours of IV fluids, the urinary
potassium decreased in all children in our study and the
median urinary sodium concentrations of the hyponatraemic
children in both treatment groups had decreased to levels
consistent with maximal renal conservation of sodium
(approximately 20 mmol/l;25 26 table 3); thus the urinary
tonicity of the hyponatraemic children had decreased to less
than the tonicity of N/2. As a result, the plasma sodium
concentrations of the hyponatraemic children receiving
hypotonic saline were maintained (but not improved) over

N

Biochemical evidence shows that in children with
gastroenteritis, hypotonic saline solutions exacerbate
the tendency to develop dilutional hyponatraemia
while isotonic saline solutions are protective
Urinary biochemistry suggests that isotonic solutions
are safe because hyponatraemic children retain
sodium and normonatraemic children excrete it
appropriately

4 hours, whereas plasma sodium increased in the hyponatraemic children who received NS, a fluid roughly isotonic
with respect to their initial urinary tonicity. The normonatraemic children on the other hand, did not conserve sodium.
Although urinary potassium excretion decreased in these
children, the median urinary concentration of sodium was
unchanged in the N/2 group and increased in the NS group.
The normonatraemic children treated with N/2 therefore
continued to excrete urine that was hypertonic relative to the
infused fluid. This would explain the accompanying decrease
in plasma sodium concentration. Those given NS continued
to excrete urine isotonic with respect to the infused fluid and
maintained their plasma sodium concentration unchanged.
The basis of the greater renal avidity for sodium in the
hyponatraemic compared with the normonatraemic children
is unclear. A similar phenomenon has been described in rats
infused simultaneously with normal saline and ADH, in
whom those fed a salt poor diet prior to the infusion were
better able to retain sodium and maintain their plasma
sodium than those whose dietary content of salt had been
normal.27 The median duration of illness was longer in the
hyponatraemic children and therefore, in addition to more
prolonged sodium losses in diarrhoeal stools19 and urine,12
their dietary intake of sodium is likely to have been lower
than for those children who were normonatraemic at
presentation. Relatively chronic sodium depletion therefore
may have promoted the development of renal adaptive
responses, resulting in more rapid reversal of the natriuresis
evident at presentation. Differential suppression of aldosterone activity in the normonatraemic versus hyponatraemic
children during fluid therapy might have contributed if the
hyponatraemic children were more dehydrated at baseline;
however there were no clinical or biochemical data to support
this. Furthermore, the similar decrease in urinary potassium
in the hyponatraemic and normonatraemic children and
significant decrease in urinary sodium concentration in the
hyponatraemic children treated with NS but not N/2 suggests
that mechanisms other than aldosterone were acting.
We conclude that when intravenous fluids are deemed
necessary in children with gastroenteritis, isotonic saline
solutions with appropriate glucose content should be used.
The question arises however as to whether this recommendation should be restricted to gastroenteritis. Non-osmotic
stimulants of ADH secretion (such as nausea and vomiting,
pain, and metabolic stress)28 are common and likely to be
active in a variety of clinical situations for which intravenous
fluids are used. The protective effect of normal saline against
the development of hyponatraemia and the ability of the
normonatraemic children to increase urinary sodium excretion suggest that broadening the use of isotonic fluids with
appropriate glucose content should be considered.

ACKNOWLEDGEMENTS
We thank Ms Kate Lyle (RN), the study coordinator, without whose
hard work and dedication the study would not have been possible.

www.archdischild.com

Downloaded from adc.bmj.com on 11 October 2007
232

Neville, Verge, Rosenberg, et al

The authors gratefully acknowledge the financial support from the
Sydney Children’s Hospital Foundation and the Department of
General Paediatrics, Sydney Children’s Hospital in conducting this
study.
.....................

Authors’ affiliations

K A Neville, J L Walker, C F Verge, Department of Endocrinology,
Sydney Children’s Hospital, Sydney, Australia
A R Rosenberg, Department of Nephrology, Sydney Children’s Hospital,
Sydney, Australia
M W O’Meara, Emergency Department, Sydney Children’s Hospital,
Sydney Australia
Competing interests: none declared

REFERENCES
1 Duke T, Molyneux EM. Intravenous fluids for seriously ill children: time to
reconsider. Lancet 2003;362:1320–3.
2 Moritz ML, Ayus JC. Prevention of hospital-acquired hyponatremia: a case for
using isotonic saline. Pediatrics 2003;111:227–30.
3 Halberthal M, Halperin ML, Bohn D. Lesson of the week: Acute hyponatraemia
in children admitted to hospital: retrospective analysis of factors contributing to
its development and resolution. BMJ 2001;322:780–2.
4 Playfor S. Fatal iatrogenic hyponatraemia. Arch Dis Child 2003;88:646–7.
5 Anon. Practice parameter: The management of acute gastroenteritis in young
children. American Academy of Pediatrics, Provisional Committee on Quality
Improvement, Subcommittee on Acute Gastroenteritis. Pediatrics
1996;97:424–35.
6 Armon K, Stephenson T, MacFaul R, et al. An evidence and consensus based
guideline for acute diarrhoea management. Arch Dis Child 2001;85:132–42.
7 Sandhu BK. European Society of Pediatric Gastroenterology. Practical
guidelines for the management of gastroenteritis in children. J Pediatr
Gastroenterol Nutr 2001;33(suppl 9).
8 Ozuah PO, Avner JR, Stein RE. Oral rehydration, emergency physicians, and
practice parameters: a national survey. Pediatrics 2002;109:259–61.
9 Hoekstra JH. European Society of Paediatric Gastroenterology. Acute
gastroenteritis in industrialized countries: compliance with guidelines for
treatment. J Pediatr Gastroenterol Nutr 2001;33(suppl 5).
10 Elliott EJ, Backhouse JA, Leach JW. Pre-admission management of acute
gastroenteritis. J Paediatr Child Health 1996;32:18–21.

11 Phin SJ, McCaskill ME, Browne GJ, et al. Clinical pathway using rapid
rehydration for children with gastroenteritis. J Paediatr Child Health
2003;39:343–8.
12 Neville KA, Verge CF, O’Meara MW, et al. High antidiuretic hormone levels
and hyponatraemia in children with gastroenteritis. Pediatrics
2005;116:1401–7.
13 Taylor D, Durward A. Pouring salt on troubled waters. Arch Dis Child
2004;89:411–14.
14 Ferson MJ. Hospitalisations for rotavirus gastroenteritis among children under
five years of age in New South Wales. Med J Aust 1996;164:273–6.
15 Holliday MA, Segar WE. The maintenance need for water in parenteral fluid
therapy. Pediatrics 1957;19:823–32.
16 Hamill PV, Drizd TA, Johnson CL, et al. Physical growth: National Center for
Health Statistics percentiles. Am J Clin Nutr 1979;32:607–29.
17 Rolland-Cachera MF, Cole TJ, Sempe M, et al. Body mass index variations:
centiles from birth to 87 years. Eur J Clin Nutr 1991;45:13–21.
18 Adelman RD, Solhaug MIJ. Pathophysiology of body fluids and fluid therapy.
In: Behrman RE, Kliegman RM, Jenson HB, eds. Nelson textbook of pediatrics.
Philadelphia, PA: WB Saunders, 2000:211–15.
19 Hirschhorn N. The treatment of acute diarrhea in children. An historical and
physiological perspective. Am J Clin Nutr 1980;33:637–63.
20 Molla AM, Rahman M, Sarker SA, et al. Stool electrolyte content and purging
rates in diarrhea caused by rotavirus, enterotoxigenic E. coli, and V. cholerae
in children. J Pediatr 1981;98:835–8.
21 Kamel SK, Lin SH, Cheema-Dhadli S, et al. Prolonged total fasting: a feast for
the integrative physiologist. Kidney Int 1998;53:531–9.
22 Steele A, Gowrishankar M, Abrahamson S, et al. Postoperative hyponatremia
despite near-isotonic saline infusion: a phenomenon of desalination. Ann
Intern Med 1997;126:20–5.
23 Gerigk M, Gnehm HE, Rascher W. Arginine vasopressin and renin in
acutely ill children: implication for fluid therapy. Acta Paediatr
1996;85:550–3.
24 Berl T, Schrier RW. Disorders of water metabolism. In: Schrier RW, eds. Renal
and electrolyte disorders. Philadelphia, PA: Lippincott, Williams & Williams,
2003:15.
25 Berl T, Schrier RW. Disorders of water metabolism. In: Schrier RW, eds. Renal
and electrolyte disorders. Philadelphia, PA: Lippincott Williams & Williams,
2003:36–8.
26 Kumar S, Berl T. Sodium. Lancet 1998;352:220–8.
27 Gowrishankar M, Chen CB, Cheema-Dhadli S, et al. Hyponatremia in the
rat in the absence of positive water balance. J Am Soc Nephrol
1997;8:524–9.
28 Robertson GL. Antidiuretic hormone. Normal and disordered function.
Endocrinol Metab Clin North Am 2001;30:671–94.

Call for Book Reviewers
Book reviews are a popular feature of ADC, and many readers use them to decide how best
to spend scarce library funds. We need to recruit a team of willing reviewers, both generalists
and specialists, who are prepared to read and review new books (and CD-ROMs, etc) within
a three-month deadline: could you help? You will have the option to decline if you can’t
manage a review in time.
Unfortunately ADC cannot pay reviewers, but you will be able to keep the book for yourself
or your department. Trainees are particularly welcome to apply.
For logistical reasons reviewers should be based in the UK or Republic of Ireland and
internet access is essential.
Please contact archdischild@bmjgroup.com with brief details of special interests and
reviewing experience, if any (include BOOK REVIEWS in the subject field).

www.archdischild.com

