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hospitalised children: Results of a prospective randomised open label study
Balaji Chinnasami1, *Pulim Manoj Kumar Reddy2, R Dhinakaran3, M S K M Chaitanya4, Vijayakrishnan
G5
Sri Lanka Journal of Child Health, 2022; 51(1): 111-118
DOI: http://dx.doi.org/10.4038/sljch.v51i1.10008
Children requiring ICU admissions, children
needing postoperative care, children with
dyselectrolytaemia and children on drugs or
suffering from diseases that altered plasma sodium
levels were not included in the study.

Abstract
Background: Consensus regarding the correct type
of maintenance intravenous (IV) fluid in noncritically ill stable children is yet to be reached. Most
previous studies are based on children admitted in
intensive care units (ICUs) or post-operative wards.

Intervention: Enrolled children, using computer
generated codes, were randomised equally (50 in
each group) to groups receiving Isolyte P, DNS or
Plasma-Lyte148 as IV fluids for a minimum of 48
hours.

Objectives: To compare the effects of three different
IV fluids, namely 0.18% saline in 5% dextrose
(Isolyte-P), 0.9% saline in 5% dextrose (DNS) and
Plasma-Lyte 148 on the change in electrolyte levels
in stable children admitted in a general ward after
giving them maintenance fluids for 48 hours.

Main outcomes and measures: Main outcome was
difference in change in sodium among the three IV
fluids after 48 hours of giving them as maintenance
fluids. Secondary outcomes were to find the
difference in other biochemical parameters like urea,
creatinine, potassium, chloride and bicarbonate at
the same endpoint.

Method: Our study was a non-blinded, randomised
pragmatic trial conducted at the paediatric general
ward of the SRM Medical College and Hospital,
Kattankulathur, South India from June 2018 to
March 2019. Eligible children (n=212) were
between 3 months to 12 years old, requiring
hospitalisation due to their illness and needing IV
maintenance fluids for a minimum of 48 hours.
_________________________________________

Statistical analysis: Pre- and post-values of
biochemical parameters were tested for significance
using paired sample t-test. Comparison of the three
fluid groups was done by ANOVA.
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Results: After 48 hours, the serum sodium levels in
DNS, Isolyte-P and Plasma-Lyte148 groups had
increased on an average by 0.48 meq/L, 0.8 meq/L
and 0.64 meq/L respectively from the baseline and
the difference was not statistically significant (p =
0.854). Mean change in potassium values were 0.142 meq/L, 0.188 meq/L and 0.230 meq/L in
DNS, Isolyte-P and Plasma-lyte148 respectively.
There was a significant difference in potassium
among the fluids as potassium fell in DNS group (p
= 0.001). Urea, creatinine and bicarbonate levels
improved in all three groups. There were no
clinically observable adverse events due to
dyselectrolytaemia among the three groups.
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Conclusions: There was no significant change in
sodium after giving any of the three fluids Isolyte-P,
DNS or Plasma-Lyte 148 in children who were
clinically stable.
(Keywords: Hyponatraemia, Intravenous fluids,
Normal saline, Parenteral fluid therapy, Isolyte-P,
Plasma-Lyte 148).
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included in the study. We recruited non-critically ill
children admitted in a general paediatric ward.

Introduction
Majority of children getting admitted in hospital
require parenteral fluids. Choice of intravenous (IV)
fluid for children has continued to evolve till date.
Initially, 0.18% saline in 5% dextrose (Isolyte-P)
was commonly used as maintenance fluid1,2.
However, there were concerns of hospital-acquired
hyponatraemia related to hypotonic IV fluid
administration3-12. Moritz ML, et al13 introduced the
use of 0.9% saline as maintenance parenteral fluid to
prevent hospital-acquired hyponatraemia in
children. The American Academy of Pediatrics
recommends administering isotonic fluids for all
paediatric age groups from 1 month to 18 years of
age14. Several previously published Randomised
Control Trials (RCTs), systematic reviews and
metanalyses have consistently found that use of
isotonic solutions decrease the risk of
hyponatraemia6,15,16. However, the choice of
isotonic fluid is still not clear. Excessive use of
saline was shown to cause hyperchloraemic
acidosis17. British consensus guidelines on IV fluid
therapy for adult surgical patients clearly
recommends use of balanced crystalloids in
preference to saline18. In the article ‘The great fluid
debate’ Santi M, et al suggested that ‘balanced’ salt
crystalloids should be preferred for volume
resuscitation and maintenance in paediatric
patients19. Further, as per systematic review by
Foster BA, et al, evidence of risk of hyponatremia in
hypotonic fluids is based on studies in intensive care
and postoperative settings6. For children admitted in
general wards, studies are insufficient to recommend
against hypotonic fluids. We conducted this study to
add evidence about the influence of IV fluids on
electrolyte levels in non-critically ill children.

Children requiring intensive care unit (ICU)
admission like respiratory distress, shock or failure
of other organs were not included in the study. Postoperative cases were also not included in the study.
Children who received fluids in the last 24 hours, or
had hyponatraemia (plasma sodium <132 mEq/L),
hypernatraemia (plasma sodium >148 mEq/L) or
hyperglycaemia (blood glucose>180 mg/dL),
dehydration, severe acute malnutrition (weight-forlength/height <−3 SD), cirrhosis of the liver,
congestive heart failure, acute or chronic renal
failure or nephrotic syndrome were also excluded.
Children receiving drugs that altered plasma sodium
levels, like frusemide, hydrochlorothiazide,
vasopressin and mannitol were not included in the
study.
Block randomization with equal allocation ratios for
the three groups was done with randomly permuted
blocks
of
variable
sizes
using
www.randomisation.com, and a randomization
sequence was generated. The sequence was
converted to numbered envelopes by a person not
directly involved in the study. Concealment was
done by making 150 sealed opaque envelopes
containing 50 lots of each group. This was an open
label study and after randomisation the treating
physician was informed that a particular patient had
been randomised to one of the three fluid regimen.
However subjects continued to receive treatment for
their primary disease, as determined by the
physician.
Eligible children at the time of admission, and
before treatment was started, were randomized into
three IV fluid groups: Group A, Isolyte P, Group B,
Plasma-Lyte 148 and Group C, DNS. All three
groups received the respective fluids for 48 hours or
more depending upon the patient’s condition at
standard maintenance rates which were calculated
according to child’s weight using the Holliday Segar
formula20.

Objective
To study the effects of three different IV fluid
regimens, namely, Isolyte-P, 0.9% saline in 5%
dextrose (DNS) and Plasma-Lyte 148 on the change
in electrolyte levels in hospitalised non-critically ill
children admitted in a general ward.
Hypothesis
We planned to conduct a non-inferiority trial. We
hypothesized that there will be no significant
difference in change in sodium levels after 48 hours
of giving the three IV fluid regimen in non-critically
ill children.

Baseline demographic details were recorded at
enrolment. We monitored clinically for features of
fluid overload or dehydration and neurological
features including encephalopathy throughout the
study period. We measured the plasma electrolytes
sodium, potassium, chloride and the biochemical
parameters bicarbonate, urea and creatinine on
admission, before starting IV fluids, and after 48
hours of continuing IV fluids.

Method
A prospective RCT was carried out from June 2018
to March 2019 in children 3 months to 12 years old
admitted to our 120-bedded paediatric general ward
in SRM Medical College and Hospital,
Kattankulathur, Tamil Nadu, India. Patients
considered to need IV maintenance fluids for a
minimum of 48 hours by the treating physician were

The primary outcome was the difference in change
in sodium among the three IV fluids after 48 hours
of giving them as maintenance fluids. Secondary
outcome included the difference in change in other
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electrolytes potassium, chloride, bicarbonate and
biochemical parameters urea and creatinine after the
same 48 hours end point. We also looked for any
adverse events like dehydration, shock, overhydration or neurological symptoms like seizures,
headache and encephalopathy. Fluids were restricted
if child developed signs of over-hydration during the
trial. Extra fluids were given if signs of dehydration
or shock developed during the trial.

India (No. 692/IEC/2014). Being a RCT, the study
was registered at www.Ctri.nic.in. (Clinical Trial
Registry No. CTRI/2018/05/014231). Written
informed consent was obtained from the parent or
guardian of all children included in the study before
enrolment. Financial support was provided for the
study by the hospital.
Statistical analysis: Biochemical parameters are
presented as mean and standard deviation. Baseline
values among the three fluid groups were compared
using ANOVA. Pre- and post-intervention values of
biochemical parameters in each group were tested
for significance by the paired sample t-test.
Difference in change in biochemical parameters
among the three groups were also analysed by
ANOVA.

Sample size: As suggested by Yung M, et al,
previous studies suggest a mean fall in sodium by
3.1meq/l with standard deviation of 4.41 meq/L after
giving IV fluids3. We estimated a minimum sample
size of 34 per group to detect a difference of 3 meq/L
with an alpha of 0.05 and 80% power. However,
since we also intended to assess change in other
electrolytes as secondary outcomes, we took more
subjects i.e. 50 in each group.

Results
Of the 635 consecutive children screened, 212
fulfilled the inclusion criteria. Of the 212, 62
fulfilled at least one exclusion criterion. One
hundred and fifty children were randomized equally
to the three groups (Figure 1).

Ethical issues: The study protocol was approved by
the Institutional Ethics Committee of SRM Medical
College Hospital and Research Centre, Chennai,

The mean age of the study population was 54.11 ±
48.38 months. Most of the children in all three
groups were between two to three years of age. The
male: female ratio was 1.42:1. The mean weight of
the study population was 16.18 ± 10.73 kg. All three
groups received comparable amount of fluids. The
major diagnoses at admission were acute respiratory
tract infections (bronchiolitis, wheeze associated
lower respiratory infection and pneumonia), pain in
abdomen, malaria, enteric fever, acute viral hepatitis
and seizure disorder. There was no loss to follow up

in any of the groups. The baseline characteristics of
the three group are shown in Table 1.
Age distribution was similar in all three groups.
Baseline parameters like potassium, bicarbonate,
urea and creatinine were similar. Baseline sodium
and chloride levels were significantly different in
group C but this was not of major concern since we
compared the change in electrolyte levels after 48
hours and not the absolute electrolyte levels at 48
hours.
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Table 1: Baseline characteristics (n=150)
Group A (n=50)
Group B (n=50)
Isolyte P
Plasma-Lyte 148
Age in months Mean ± SD
46.51 ± 49.47
61.28 ± 48.39
Sex Male: Female ratio
1.83
1.08
Mean fluid administered in 48hrs
172.94 ± 36.96
163.80 ± 34.25
(ml/kg) Mean ± SD
Biochemical parameters, Mean ± SD
Serum sodium, meq/L
137.54 ± 4.590
137.86 ± 4.408
Serum potassium, meq/L
4.320 ± 0.5295
4.104 ± 0.3812
Serum chloride, meq/L
102.54 ± 4.970
102.82 ± 4.918
Serum bicarbonate, meq/L
18.24 ± 3.761
18.90 ± 3.688
Serum urea, mg/dl
21.08 ± 8.962
19.64 ± 6.748
Serum creatinine, mg/dl
0.505 ± 0.1317
0.538 ± 0.1354
Diagnosis at admission, Number
17
14
WALRI
04
07
Bronchiolitis
05
03
Acute hepatitis
10
12
Pneumonia
02
03
Seizure
01
02
Enteric fever
07
07
Gastritis / pain in abdomen
04
02
Malaria
WALRI: Wheeze associated lower respiratory infection
Patient characteristics

All patients who entered the study received IV fluids
for 48 hours. Fluid restriction or extra fluids were
not needed in children of all three groups. Values of

Group C (n=50)
DNS
53.86 ± 47.20
1.38
169.07 ± 37.41

p-value

141.42 ± 3.447
4.268 ± 0.5916
105.36 ± 3.800
17.50 ± 4.296
20.68 ± 6.982
0.530 ± 0.1329

0.00*
0.089
0.004*
0.207
0.623
0.436

0.314
0.451

15
06
03
08
04
02
09
03

the biochemical parameters before and after
intervention are presented as tables 2, 3 and 4.

Table 2: Comparison of electrolyte values in Isolyte P group
Biochemical parameter
Before intervention
After intervention
Mean ± SD
Mean ± SD
Serum sodium, meq/L
137.54 ± 4.590
138.34 ± 3.378
Serum potassium, meq/L
4.320 ± 0.5295
4.506 ± 0.5644
Serum chloride, meq/L
102.54 ± 4.970
102.50 ± 4.564
Serum bicarbonate, meq/L
18.24 ± 3.761
19.50 ± 3.940
Serum urea, mg/dl
21.08 ± 8.962
18.34 ± 8.270
Serum creatinine, mg/dl
0.506 ± 0.132
0.482 ± 0.1521
#Paired sample t-test, *p<0.05 significant

p value#
0.082
0.039*
0.942
0.025*
0.006*
0.4015

0.7meq/L. Hence there was no clinically significant
change in either potassium or bicarbonate values
after giving Isolyte P. The sodium and chloride
values remained the same without much change.

The Isolyte P group demonstrated a statistically
significant rise in bicarbonate and potassium values
with p values 0.025 and 0.039 respectively (Table
2). However, for medical purposes clinically
significant change for potassium is taken as

Table 3: Comparison of electrolyte values in Plasma-Lyte 148 group
Biochemical parameter
Before intervention
After intervention
Mean ± SD
Mean ± SD
Serum sodium, meq/L
137.86 ± 4.408
138.50 ± 3.776
Serum potassium, meq/L
4.104 ± 0.3812
4.334 ± 0.4479
Serum chloride, meq/L
102.82 ± 4.918
103.38 ± 4.184
Serum bicarbonate, meq/L
18.90 ± 3.688
19.46 ± 3.715
Serum urea, mg/dl
19.64 ± 6.748
13.28 ± 4.777
Serum creatinine, mg/dl
0.538 ± 0.1354
0.488 ± 0.1023
# Paired sample t-test, *p<0.05 significant
The Plasma-Lyte 148 group had a significant
increase in potassium value (p=0.000) (Table 3).
However, considering the medically significant
change of potassium as 0.7 meq/L, the changes in

p value#
0.103
0.000*
0.260
0.299
0.000*
0.003*

potassium values were not clinically significant. The
changes in other electrolytes sodium, chloride and
bicarbonate were not statistically or clinically
significant.
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Table 4: Comparison of electrolyte values in DNS group
Biochemical parameter
Before intervention
After intervention
Mean ± SD
Mean ± SD
Serum sodium, meq/L
141.42 ± 3.447
141.90 ± 2.830
Serum potassium, meq/L
4.268 ± 0.5916
4.126 ± 0.5872
Serum chloride, meq/L
105.36 ± 3.800
106.36 ± 2.940
Serum bicarbonate, meq/L
17.50 ± 4.296
20.26 ± 3.573
Serum urea, mg/dl
20.68 ± 6.982
16.12 ± 6.617
Serum creatinine, mg/dl
0.530 ± 0.1329
0.482 ± 0.1521
# Paired sample t-test, *p<0.05 significant
There was a significant increase in the bicarbonate
value but there were no significant changes in the
sodium and potassium in those patients who
received DNS (Table 4). Even though the chloride
values were significantly higher after administration
of DNS fluid, considering the clinically significant
change in chloride value of 4 meq/L, the mean
difference in chloride value after giving DNS (1
meq/L) was very meagre (Table 4).

p value#
0.292
0.094
0.045*
0.000*
0.000*
0.007*

Urea and creatinine levels improved in all three
groups although creatinine levels did not improve
significantly in the Isolyte P group. Overall there
was no significant change in sodium value after the
administration of fluids in all 3 groups as evidenced
by the paired t-test (Tables 2, 3 and 4). After 48
hours, the serum sodium levels in groups A, B and
C had increased by 0.8 mmol/L, 0.64 mmol/L and
0.48 mmol/L respectively from the baseline, but
none of these rises were statistically significant
(p>0.05).

Table 5: Changes in mean electrolyte concentrations for the three intravenous fluids
Parameter
DNS (n=50)
Isolyte-P
Plasma-Lyte 148
p value
(n=50)
(n=50)
Sodium (meq/L) Mean ± SD
Potassium (meq/L) Mean ± SD

0.48 ± 3.19
-0.142 ± 0.588

0.82 ± 3.16
0.188 ± 0.613

0.64 ± 2.72
0.230 ± 0.401

Chloride (meq/L) Mean ± SD
Bicarbonate (mmol/L) Mean± SD

1.00 ± 3.44
2.76 ± 3.61

-0.02 ± 3.85
1.27 ± 3.81

0.56 ± 3.48
0.56 ± 3.77

Urea (mg/dl) Mean ± SD

-4.56 ± 7.82

-2.63 ± 6.74

-6.32 ± 6.89

-0.048 ± 0.122

-0.0129 ± 0.0789

-0.054 ± 0.107

Creatinine (mg/dl) Mean ± SD

0.854
0.001*
0.008* (DNS vs Iso P)
0.002* (DNS vs Plasma-Lyte)
0.920 (Iso P vs Plasma-Lyte)
0.366
0.012*
0.117 (DNS vs Iso P)
0.010* (DNS vs Plasma-Lyte)
0.609 (Iso P vs Plasma-Lyte)
0.039*
0.371 (DNS vs Iso P)
0.438 (DNS vs Plasma-Lyte)
0.030* (Iso P vs Plasma-Lyte
0.107

DNS: 0.9% saline in 5% dextrose
Change in sodium, chloride and creatinine
concentrations after 48 hours of fluids was similar
among the three fluids. Change in potassium was
significantly different due to the DNS group where
it decreased while it increased in other two fluids.
Also change in urea and bicarbonate was not the
same among the three fluids.

giving the three IV fluids. As hypothesised we found
no difference among the fluids with regards to
change in sodium in paediatric patients less than 12
years of age. None of the three fluid types resulted
in significant change in sodium after 48 hours of
fluids. In contrast, many studies and meta-analyses
have favoured the use of isotonic fluids instead of
hypotonic fluids in view of decrease in sodium
levels after giving hypotonic fluids3-11. This
contradiction is probably because most previous
studies included subjects mainly from intensive care
units (ICUs) and critically ill patients. In such
patients the influence of the Syndrome
of Inappropriate Antidiuretic Hormone (SIADH) on
serum sodium levels is high. Our study population
were not critically ill and were relatively stable and
were admitted to a general ward rather than an ICU.
Hence the influence of SIADH should be less and
also the renal function should be intact to promptly
correct the imbalance caused by IV fluids.

There were no clinically observable adverse events
like seizures, drowsiness, facial puffiness or
dehydration among the three groups.
We did not do statistical comparison of the three
groups with regards to occurrence of electrolyte
disorders like hyponatremia or hypokalaemia since
our study sample size was not adequately powered.
Discussion
The primary aim of the study was to investigate if
there is a difference in change in sodium levels after
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Supporting our study Friedman JN, et al in his
comparative study of isotonic and hypotonic IV
fluids among 110 children admitted in a general
ward found that the mean serum sodium levels after
48 hours of giving the two fluids was not
significantly different12. Omoifo CE, et al in his
study of 65 healthy children posted for minor
elective surgeries received Normal saline, Ringer
lactate or Isolate P and found similar serum sodium
levels after giving the fluids21. Kumar M, et al in his
study of isotonic vs hypotonic saline given as
maintenance IV fluid in stable children admitted in
paediatric wards found similar effects on sodium
imbalance22.

children who are not severely ill and admitted in a
general ward. Further studies with adequate sample
size are needed to compare the incidence of
hyponatremia and hypokalemia among these fluids
in stable children.
Conclusion
As hypothesised, there was no significant change in
sodium after giving any of the three IV Isolyte-P,
DNS or Plasma-Lyte 148 in children under 12 years
of age who were clinically stable.
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