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Abstract
Objective: The objective of the study was to evaluate the etiology of hospital‑acquired hyponatremia (HAH) and its effects on morbidity and
mortality in the Pediatric Intensive Care Unit (PICU) patients. Design: This study design was a prospective observational case–control study.
Setting: this study was conducted at tertiary care PICU. Materials and Methods: All consecutive cases admitted with at least one measured
serum sodium (PNa) value were evaluated. Those with normal admission PNa were followed till they develop hyponatremia (PNa < 35 mEq/L)
7 days or PICU discharge whichever was earlier. Results: During the study period, 123 (19.6%) cases developed HAH and 126 patients
remained isonatremic (control group). The admission PNa 138.8 ± 3.03 mEq/L decreased to 132 ± 2.58 mEq/L (drop of 6.68 ± 3.39 mEq/L,
P < 0.001) in HAH cases. The use of antidiuretic hormone (ADH)‑stimulating drugs (odds ratio [OR]: 2.83, P = 0.01), postsurgical status (OR:
2.95, P = 0.006), and fluid intake ml/kg (OR: 1.0, P = 0.001) were found to be significant risk factors in HAH group on multivariate analysis.
HAH cases had prolonged PICU stay (P = 0.000) and mechanical ventilation (P = 0.01), but no difference in the mortality when compared
to controls. Conclusions: HAH is associated with increased fluid intake, presence of ADH‑stimulating drugs or conditions, and postsurgical
status and has an adverse effect on the outcome of PICU patients.
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Introduction
Hyponatremia (serum sodium [P Na ] <135 mEq/L) is
more frequent electrolyte abnormality in hospitalized
patients and is associated with increased morbidity and
mortality. [1,2] Hyponatremic patients are more likely to
require intensive care, mechanical ventilation, and have
significantly higher chances of increased length of stay,
treatment costs, and mortality (3 times compared to
patients with normal PNa). [3‑5]
Most of the previous studies evaluating incidence of
hospital‑acquired hyponatremia (HAH) in adult ICUs have
shown an incidence of 20%–30% and have also reported poor
morbidity and mortality.[6‑9]
Depending on the definition of hyponatremia, the reported
incidence of HAH in children varies between 10%–50%
in various studies and with significant morbidity and
mortality.[10‑15] Majority of patients included in these studies
were those admitted in pediatric wards and emergency
units. Studies from Pediatric Intensive Care Unit (PICU) on
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postoperative patients have focused primarily on the effects
of hypotonic fluid on serum sodium.[16‑18]
To the best of our knowledge, there are no studies done to
comprehensively evaluate the incidence, etiology, and impact
on the outcome of HAH in critically sick children. Hence,
in the present study, we aim to investigate the incidence,
etiological characteristics, and effect of HAH on the outcome
of PICU patients.

Materials and Methods
This prospective, observational, case–control study was
conducted over a year in the PICU of a tertiary care teaching
hospital. Institutional Research Ethics Board approved the
study. Written informed consent was obtained from parents or
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guardians for all participants, and assent was obtained from
children over 7 years of age if appropriate.

Data collection

The sample size was calculated to estimate the number of
patients required to calculate the incidence of HAH. With 9.3%
incidence of HAH as per the previous study, an error of 2.5%,
and confidence interval of 95%, the estimated sample size
was 610.[10] All children between the age group of 1 month to
16 years who received intravenous fluid (IVF) with at least one
measured PNa value at admission were included in the study.
All PNa levels were measured by direct ion selective electrode
method. Patients with hyponatremia or hypernatremia at
admission were excluded from the study. As per the unit
protocol, blood chemistries were monitored 12 hourly. Patients
with normal PNa at admission were further followed till they
developed hyponatremia (PNa < 135 mEq/L) for a maximum
of 7 days or PICU discharge whichever was earlier. Those
who developed hypernatremia (PNa > 145 mEq/L) and without
follow‑up PNa values were excluded from the study [Figure 1].
The following data were recorded for the enrolled cohort:
age, gender, weight, diagnosis, renal function tests, liver
function tests, and random blood sugar levels. The total intake
(oral and type and volume of IVF), output, and net balance
were recorded. Other parameters such as the presence of
antidiuretic hormone (ADH)‑stimulating clinical condition,
ADH‑stimulating drugs, postsurgical state, and the use of 3%
saline were recorded.
As per the unit protocol, half‑normal saline (0.45% with
5% dextrose), 0.9% saline with dextrose (DNS), and
normal saline were used as the standard maintenance IVF
in age groups <2 and >2 years, respectively. The volume of
maintenance IVF requirement was according to Holliday‑Segar
formula.
Other parameters such as the use of inotropes, length of stay in
PICU, total ventilator days, and final outcome (survival/death)

were also recorded. As per the unit protocol for the management
of HAH patients, we also did serum osmolality and urinary
osmolality, sodium and creatinine to evaluate the sodium
excretion status, and rule out pseudohyponatremia. The levels
of serum ADH could not be estimated due to the financial
constraints.

Definitions

Hyponatremia and hypernatremia were defined as
PNa <135 mEq/L and >145 mEq/L, respectively. HAH was
defined as at least one documented value of PNa <135 mEq/L
during the hospital stay, at least 12 h after admission in
those with normal PNa (135–145 mEq/L) at admission. Acute
hyponatremia was defined as the development of hyponatremia
within 48 h of admission. Hyponatremia was classified into
mild (PNa <131–134 mEq/L), moderate (PNa 130–125 mEq/L),
and severe hyponatremia (PNa <125 mEq/L).

Statistical analysis

Data were compiled in an Excel spreadsheet, and statistical
analysis was done using SPSS version 23, Chicago, IL, USA.
The mean, median, and standard deviation were calculated for
the baseline characteristics and other continuous parameters.
The Chi‑square or Fisher’s exact test was used to compare
groups with respect to categorical data. Student’s t‑test or
ANOVA was used to compare the association between groups
with respect to continuous data following normal distribution
otherwise Mann–Whitney U‑test was used. The factors, which
were significant in univariate analysis, were considered for
multivariate analysis. Using step‑wise logistic regression
modeling, we built a final multivariable model evaluating the
effect of each variable on the development of hyponatremia. To
compare the durations of mechanical ventilation and PICU stay
of study cases and controls, Kaplan–Meier curves were plotted.
For all the comparisons, the 5% probability level (P < 0.05)
was considered statistically significant.

Results
A total of 637 patients were admitted to the PICU during the
study period of 1 year and 457 patients were isonatremic at
the time of admission. HAH was observed in 123 (19.3%)
patients [Figure 1]. The admission PNa was 138.7 ± 2.97 mEq/L
in these patients which decreased to 132.0 ± 2.5 mEq/L
(difference ‑ 6.6 ± 3.8 mEq/L; P < 0.001). Acute hyponatremia
was seen in 64 (52%) patients. Twenty‑two (17.9%) patients
had moderate‑to‑severe hyponatremia whereas rest had
mild hyponatremia. Of the hyponatremic group patients,
82 (66.7%) received N/2 whereas rest received NS and DNS.
The baseline characteristics were comparable between the
two groups [Table 1]. Respiratory and central nervous system
disorders were the predominant disease categories in both
groups [Table 2].

Figure 1: Study flowchart
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The patients in the HAH group had a higher incidence of
ADH‑stimulating drugs (P = 0.02), ADH‑stimulating clinical
conditions (P = 0.03), postsurgical status (P < 0.001), use
of inotropes (P = 0.04), fluid intake (ml/kg) (P < 0.001),
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Table 1: Comparison of characteristics of study cohort and controls
Category

Variable

Demographic
and baseline
characteristics

Male (%)
Age (years)
BUN (mg/dl)
S.creatinine (mg/dl)
Total bilirubin (mg/dl)
PRISM 12
Admission
At end of observation
Fall in PNa
Nervous system
Respiratory
Gastrointestinal/hepatic
Infections/sepsis
Cardiac
Hemat‑oncology
Renal
Miscellaneous

PNa

System
involved

Hyponatremic group (n=123)

Isonatremic group (n=126)

P

86 (70)
3 (0.2‑18)
12±17
0.37±1.09
0.60±2
10.2±7.9
138.8±3.03
132±2.58
6.68±3.39
35
35
17
13
9
5
4
5

84 (66)
2 (0.1‑18)
9.8±9.3
0.36±0.41
0.61±4.35
5.3±4.9
139.1±2.65
139.07±2.64
0.05±3.3
42
32
16
18
4
5
0
9

0.58

Table 2: Frequency of ADH stimulating drugs and ADH
stimulating conditions in study cohort and control group
Parameter

Hyponatremia
group

Isonatremia
group

ADH stimulating drugs
Diuretics
12
5
Anti‑epileptics
7
4
Chemotherapy
2
0
ADH stimulating conditions
Nervous system
ICSOL
13
3
Head injury
7
11
Meningoencephalitis
6
5
Seizures
6
5
Hepatic encephalopathy
3
4
Guillian Barre syndrome
4
2
Hydrocephalus
1
2
Respiratory system
Pneumonia
28
15
Bronchiolitis
4
11
Asthma
1
4
Tuberculosis
2
2
Others
Malignancy
3
3
Shock
6
5
Hypoadrenalism
2
2
Hypothyroidism
2
0
ADH: Antidiuretic hormone; ICSOL: Intracranial space occupying lesion

and output (ml/kg) (P < 0.001) than the isonatremic group
on univariate analysis [Table 3]. ADH‑stimulating drugs
(P = 0.01), postsurgical status (P = 0.008), and input
(P = 0.001) were found to be significantly different between
the two groups on multivariate analysis [Table 4]. There was
no significant difference in the type of IVFs received by the

0.006
0.41
0.84
<0.001
0.43
<0.001
<0.001
0.41
0.66
0.85
0.44
0.16
1.00
0.05
0.41

two groups (p‑0.50). Hyponatremia developed in 82 (52%)
children receiving hypotonic fluids and 41 (46%) of those
receiving isotonic fluids. The patients with HAH had a longer
length of stay in PICU (P < 0.001) and higher ventilator days
(P = 0.01) [Figure 2]. There were three deaths in hyponatremic
group and five in isonatremic patients (P = 0.72).

Discussion
In the present study, we found that HAH is common in the
PICU patients, and postsurgical status, use of ADH‑stimulating
drugs, and fluid intake were significant risk factors for the
development of HAH. The patients with HAH had prolonged
PICU stay and longer mechanical ventilation days.
The incidence of HAH in our study was 19.3% in all the
children admitted to the PICU. The incidence of HAH varies
between 10% and 50% in different studies depending on
the definition of hyponatremia and methodology used.[11‑15]
The incidence of HAH in our study was higher than the one
reported by Hoorn et al.[10] This study evaluated patients for
48 h and included cases admitted to emergency units and
pediatric wards who might be at a lower risk than patients
admitted to the ICU.
The incidence of HAH in PICU patients as reported by Rey
et al. and Montañana et al. was 43% and 23%, respectively,
which is higher than that found in our study.[17,18] These studies
were designed primarily to evaluate the effect of IVF on
sodium balance. Furthermore, these studies included patients
with hyponatremia at admission which probably predispose
them to further hyponatremia. In our study, we included only
those patients who were isonatremic at admission.
The incidence of acute hyponatremia (<48 h) in our study was
52% similar to the one seen in the study by Bibi et al. (64%).[11]
Majority of the patients in our study had mild hyponatremia,
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b

Figure 2: Kaplan–Meier curve for duration of (a) mechanical ventilation (log rank 14.65, P = 0.01) and (b) length of stay in pediatric intensive care
unit (log rank 67.22, P = 0.01) of patients with hyponatremia and isonatremia

Table 3: Comparison of etiological characteristics and
outcome in study cohort and control cases
Variable

Hyponatremia
Isonatremia
group (n=123) group (n=126)

P

Fluid
Type of IVF
DNS 41; N/2 82 DNS 48; N/2 78
0.5
Input (ml/hr)
57.6 (9.6‑470.7) 38 (4.7‑245.3) <0.001
Output (ml/hr)
48.9 (7.1‑503.7) 31.9 (4.2‑158.3) <0.001
Net balance (ml/hr)
10 (‑46.1‑176.7) 5.8 (‑39.1‑158.3) 0.02
ADH stimulating drugs
21
9
0.02
ADH stimulating conditions
88
73
0.03
No. received 3% saline
34
32
0.77
Post‑surgical state
27
10
<0.001
No. required inotropes
12
4
0.04
Duration of MV (days)
5.8±5.7
2.6±4.1
0.01
LOS in PICU (days)
7.6±7.6
2.8±3.4
<0.001
No. of patients expired
3
5
0.72
IVF: Intravenous fluid; DNS: Dextrose normal saline; N/2: Half‑normal
saline; ADH: Antidiuretic hormone; MV: Mechanical ventilation;
LOS: Length of stay; PICU: Pediatric intensive care unit

Table 4: Multivariate analysis
Parameter

Odds
ratio

95% confidence
interval

P

ADH stimulating drugs
Postsurgical status
Fluid input (ml/kg)
ADH: Antidiuretic hormone

2.83
2.95
1.00

1.20‑6.63
1.39‑6.62
1.0‑1.1

0.01
0.008
0.001

82% which is similar to those reported in studies of Bibi et al.
and Luu et al. (79% and 82%, respectively).[11,15]
Various studies have shown that the use of the ADH‑stimulating
drugs such as diuretics, opioids, and chemotherapy drugs is
known to cause hyponatremia both by virtue of their action and
by stimulating ADH release.[19,20] Similarly, clinical conditions
such as meningitis, intracranial tumors, head injury, pneumonia,
bronchiolitis, asthma, malignancy, hypovolemia, shock, and
endocrine abnormalities were associated with hyponatremia in
various studies.[20‑22] However, these conditions and drugs were
602

present even in isonatremic patients also who did not develop
hyponatremia. The subgroup analysis done for the same showed
that patients in hyponatremic group had multiple risk factors
such as higher PRISM score, postsurgical status, higher intake
of fluid, and use of inotropes along with these factors which
may explain why only these patients developed hyponatremia.
Patients in hyponatremic group had a higher intake of fluids
when compared to isonatremic group which is consistent with
previous studies which have shown that the presence of free
water and ADH secretion are required for the development
of hyponatremia.[10] Postoperative patients are predisposed
to hyponatremia due to various reasons such as occult
hypovolemia and nonosmotic stimuli such as nausea, vomiting,
pain, anesthesia, and opioid analgesics. [23] Such patients
admitted in PICU were shown to have higher chances of
hyponatremia in various studies.[16,24‑27] The need for inotropes
indicates a state of circulatory insufficiency which may act
as a stimulus for ADH secretion, thereby causing a state of
increased water retention and leading to hyponatremia.
With regards to IVFs, the majority of the patients (66%) in
hyponatremic group had received half‑saline (0.45% NaCl with
5% dextrose), but there was no significant difference in the type
of IVF used between the two groups. Even patients who received
isotonic fluids had developed hyponatremia. The previous studies
have shown that the use of hypotonic fluids is associated with
increased risk of HAH when compared to isotonic fluids.[10‑18] A
study by Saba et al. in 2010 showed that sodium values showed
a fall even in 19% of patients who received normal saline when
compared to 24% in those receiving half‑normal saline. They
also reported that the use of half‑normal saline in appropriate
rate and volume has a similar risk of hyponatremia as that of
normal saline.[28] Similarly, in a study by Carandang et al. in
2013, hyponatremia was seen even in 23% of children receiving
isotonic fluids.[29] 3% NaCl was used in both groups as a part of
standard therapy for patients with raised intracranial pressure.
The use of 3% NaCl was similar in both the groups.
Children in hyponatremic group had a higher length of PICU
stay and ventilator days. Previous studies done in adult
ICUs have shown worse mortality and morbidity profile in
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hyponatremic patients.[7‑9] Similar observations were reported
by Luu et al. in children with bronchiolitis with HAH.[15]

9.

Our study also has few limitations such as the exclusion of
sources of water intake such as the amount of fluids received
before PICU admission and occult sources of water‑like parents
giving drinks to children without informing the nurse which
may not be included in the intake but affected the electrolyte
balance. We could not evaluate the levels of ADH due to
financial constraints, which would have helped to ascertain
the status of ADH in a better manner. Furthermore, we did
not estimate the urinary electrolyte and urinary osmolality
profile in isonatremic patients, which could have helped us in
comparing the sodium excretion state in both groups.

10.
11.
12.
13.
14.
15.

Conclusions
Based on our results, we conclude that HAH is common in
PICU and is associated with poor morbidity profile. Based on
our results, we also suggest the use of isotonic fluids alone may
not completely eliminate the risk of developing hyponatremia
in the presence of other risk factors. We suggest well‑structured
randomized control trials to assess the effect of risk factors on
the development of HAH.
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