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Abstract

Background Hypotonic fluids have been associated with hospital-acquired hyponatremia. The incidence of life-threatening
severe hyponatremia associated with hypotonic fluids has not been evaluated.

Methods This was a population-based cohort study of 46,518 acutely ill children 15 years of age or under who visited the
pediatric emergency department (ED) at Oulu University Hospital, Finland, between 2007 and 2017. We retrieved all elec-
trolyte measurements from the comprehensive electronic laboratory system and reviewed medical records for all patients
with severe hyponatremia.

Results The overall occurrence of severe hyponatremia (serum sodium < 125 mmol/L) was found in 27 out of 46,518 acutely
ill children (0.06%, 95% confidence interval 0.04-0.08%). After admission, severe hyponatremia developed in seven of 6,984
children receiving moderately hypotonic fluid therapy (0.1%, 95% confidence interval 0.04—0.2%), usually within 8 h of
admission. All children who developed severe hyponatremia during hospitalization were severely ill.

Conclusion In this register-based cohort study of children presenting to the ED, severe hyponatremia developed in one of
998 acutely ill children receiving moderately hypotonic fluid therapy.
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Introduction

Several well-conducted randomized controlled trials have
shown that isotonic fluids are effective in preventing the
development of mild or moderate hyponatremia in acutely
ill children receiving maintenance fluid therapy [1-4].
Accordingly, the American Academy of Pediatrics (AAP)
has recommended the use of isotonic maintenance fluid
therapy to prevent hyponatremia in children [1]. The risk
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of developing severe hyponatremia is not known in children
receiving moderately hypotonic fluid therapy. Furthermore,
there are limited data on the overall occurrence and outcome
of severe hyponatremia in acutely ill children [1].

In the present study, we investigated the occurrence of
hospital-acquired severe hyponatremia in children present-
ing to the pediatric emergency department (ED) and receiv-
ing moderately hypotonic fluid therapy in a population-based
cohort of 46,518 children. In addition, we reported the
occurrence of sodium abnormalities in acutely ill children.

Methods
Study design

This was a register-based, population-based cohort study
in acutely ill children presenting to the pediatric ED. The
research protocol was approved by the Ethics Committee of
Human Sciences at the University of Oulu, Finland. Accord-
ing to Finnish legislation, individual informed consent is not
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required for register-based medical research. All data were
collected and analyzed according to current data protection
requirements and legislation in the European Union.

All acutely ill children aged 15 years and under who were
treated at the pediatric emergency department (ED) of Oulu
University Hospital, Finland, between 2007 and 2017 were
included in the study. Oulu University Hospital is the only
hospital with a pediatric ED and with pediatric wards in a
catchment area of approximately 92,000 children. No surgi-
cal trauma patients were treated at the pediatric ED in our
hospital during the study. Patients with ongoing oncological
treatment were also excluded.

Definitions of hyponatremia

The following definitions were used for hyponatremia,
according to the lowest serum sodium concentration lev-
els: mild, 130-134 mmol/L; moderate, 125-129 mmol/L;
and severe hyponatremia, < 125 mmol/L. We included all
patients who presented with hyponatremia at the pediatric
ED or who developed hyponatremia within 7 days after
admission to the ED, during hospitalization.

Data collection

All the sodium values that were examined at the pediatric
ED or after admission to the wards for general pediatrics,
pediatric infectious diseases, pediatric neurology, and pedi-
atric surgery, or the pediatric intensive care unit (PICU) were
retrieved and inserted into the study database from the hos-
pital’s comprehensive electronic laboratory system. During
the study period, moderately hypotonic maintenance fluid
therapy with 60-80 mmol/L of sodium was routinely used.
Medical records were fully reviewed in all patients with
severe hyponatremia. In addition, we reviewed all medical
records, including the use of intravenous fluid therapy, for a
random sample of 801 acutely ill children from a population
of 11,753 children with electrolyte measurements. In this
sample of 801 children, 476 (59%) had received intravenous
fluid therapy. From these data, we estimated the proportion
of children that had received intravenous fluid therapy dur-
ing hospitalization and used it as an additional denominator
in the analyses.

Statistical analysis

We calculated the proportions of children with mild, mod-
erate, and severe hyponatremia in all children visiting the
ED, in children with electrolyte measurements at the ED,
and in children who had received intravenous fluid therapy.
We calculated the 95% confidence intervals (CI) of the pro-
portions. For population-based incidence calculations, the
annual number of children and adolescents 15 years old or

@ Springer

younger living in the catchment area was retrieved from the
national Statistics Finland register (www.stat.fi).

Results

There were 46,518 visits at the pediatric ED during the
10-year study period from 2007 to 2017 (Fig. 1). At least
one sodium measurement was performed in 11,753 (25%)
acutely ill children. By using the random sample of 801
patients, we estimated that 6,984 children (15%) had
received intravenous fluid therapy during hospitalization. All
patients treated with intravenous maintenance fluid therapy
after admission received moderately hypotonic fluids.

A total of 1,351 (2.9%) patients had hyponatremia (serum
sodium < 135 mmol/L) (Table 1). Mild hyponatremia (serum
sodium 130-134 mmol/L) occurred in 2.6%, moderate
hyponatremia (serum sodium 125-129 mmol/L) in 0.2%,
and severe hyponatremia (serum sodium < 125 mmol/L) in
0.06% of acutely ill children. Among the 27 acutely ill chil-
dren with severe hyponatremia, most (19/27, 70%) already
had severe hyponatremia on arrival at the ED before receiv-
ing intravenous fluid therapy. The annual population-based

46,518 visits at pediatric
emergency department

l

11,753 patients with at least one
sodium value examined

l

1,351 patients with serum sodium < 135 mmol/L

l

130 patients with serum sodium < 130 mmol/L

l

27 patients with severe hyponatremia
(serum sodium < 125 mmol/L)

le 19 on arrival at pediatric emergency department
e 8 developed during hospitalization; one of them
did not receive intravenous fluid therapy

Fig. 1 Study profile
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Table 1 Hyponatremia in acutely ill children

Hyponatremia N Annual population-based inci- Hyponatremia in acutely ill chil- Hyponatremia in children with at least one
dence per 100,000 (95% CI) dren (N=46,518) sodium measurement (N=11,753)

Occurrence per Ratio Occurrence per 100,000 (95% CI)  Ratio
100,000 (95% CI)

All cases

<120 mmol/L 7 0.8 (0.3-1.6) 15 (6-31) 1:6,646 60 (24-123) 1:1,679

120-124 mmolV/L 20 22(1.3-34) 43 (26-66) 1:2,308 170 (104-263) 1:588

<125 mmol/L 27 29(2.04.3) 58 (38-84) 1:1723 230 (151-334) 1:435

125-129 mmol/L 103 11 (9.1-14) 221 (181-268) 1:452 876 (716-1,062) 1:114

130-134 mmol/L 1,221 133 (125-140) 2,625 (2,481-2,774)  1:38 10,389 (9,842-10,954) 1:10

Hospital-acquired*

<125 mmol/L 7 0.8 (0.3-1.6) 15 (6-34) 1:6,646 60 (24-123) 1:1,679

CIL confidence interval; ED, emergency department

“During moderately hypotonic (containing 60-80 mmol/L of sodium) intravenous fluid therapy

incidence of severe hyponatremia was 2.9 (95% CI 2.0-4.3)
per 100,000.

Severe hyponatremia developed during hospitalization
in seven of 6,984 patients (0.1%, 95% CI 0.04-0.2%) who
received moderately hypotonic fluids (ratio 1:998) (Table 1,
Table 2). In most of these children (4/7, 57%), the condi-
tion developed rapidly, within 8 h of admission (Table 2).
Most patients with severe hospital-acquired hyponatremia
were euvolemic at the ED but had reduced enteral intake
of fluids. The suspected mechanism of hospital-acquired
hyponatremia was related to inappropriate antidiuretic hor-
mone (ADH) secretion in most patients.

All children who developed severe hospital-acquired
hyponatremia while receiving moderately hypotonic fluids
were severely ill, and two out of seven children (29%) had
neurological symptoms (Table 2). One child with subdural
hematoma and severe hyponatremia required neurological
follow-up after discharge, and one child with respiratory
syncytial virus bronchiolitis and severe hyponatremia was
later followed up by a pediatric neurologist due to develop-
mental delay (Table 2).

Discussion

In this register-based cohort study of acutely ill children
presenting to the pediatric ED, the risk of severe hospital-
acquired hyponatremia was 0.1% (1:998) in acutely ill chil-
dren receiving moderately hypotonic fluid therapy. The risk
of severe hyponatremia in the present study favors the use
of isotonic fluids as a safer alternative to hypotonic fluids
for the initiation of intravenous fluid therapy in acutely ill
children as recommended by the current AAP clinical prac-
tice guideline [1].

We found that severe hyponatremia developed rapidly
during hospitalization, within the first 8 h of the fluid ther-
apy in most children. Notably, one critically ill child with
acute leukemia, who had normal serum sodium at presen-
tation, developed severe hyponatremia 4 h after receiving
moderately hypotonic fluids. This is in accordance with pre-
vious case reports of fatal hyponatremia [5—7] and hypona-
tremic encephalopathy [8] showing that severe hyponatremia
commonly occurs during the first 24-48 h of fluid therapy.
Our findings support taking active electrolyte measurements
to prevent harm in acutely ill children, especially in those
who are severely ill, to decrease the risk of iatrogenic severe
hyponatremia. The cost—benefit analysis of active electrolyte
measurements in all admitted children was not, however,
conducted in the present study.

The AAP clinical practice guideline of maintaining intra-
venous fluids in children excludes patients with neurosurgi-
cal disorders, cardiac disease, hepatic disease, cancer, and
kidney dysfunction because they are excluded from most
randomized trials [1]. The AAP guideline further states that
studies in which researchers evaluate optimal fluid manage-
ment in these groups of patients are necessary. In the pre-
sent study, among seven children who developed hospital-
acquired severe hyponatremia after receiving moderately
hypotonic fluids, one child had a subdural hematoma, one
had a newly diagnosed cancer, and one had kidney dysfunc-
tion. Thus, as the initiation of fluid therapy, moderately
hypotonic fluid therapy may not be optimal in these pediatric
populations with severe underlying conditions.

In most children in the present study, the development
of severe hyponatremia was likely attributable to inappro-
priate ADH secretion resulting in impaired kidney water
excretion. A strong cortisol response, cerebral disease, and
pulmonary infection are known risk factors for inappropri-
ate antidiuretic hormone excretion [9, 10]. Other causes of
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severe hyponatremia observed in our study and in previous
studies are water intoxication and kidney failure [11, 12].
Thus, in acutely ill children, understanding the risks of
inappropriate ADH secretion and kidney function as well
as the risks of excessive free water supply is important in
avoiding progressive hyponatremia. In clinical practice,
after isotonic correction of volume depletion, it may be
reasonable to reduce the total fluid delivery rate rather
than to provide high rates of isotonic fluid as maintenance
therapy.

Up to 50% of children have been reported to develop
neurological symptoms if serum sodium falls below
125 mmol/L [7]. In the present study with a population-
based study design, the observed occurrence of neurological
symptoms was significantly lower. This may be explained
by the selected patient populations in previous studies [13].
Furthermore, the previously reported rate of encephalopathy
may have been overestimated as many of the patients with
neurological symptoms in previous studies had underlying
medical conditions that may partly explain the symptoms.

There are several strengths of this study. This is one of the
first large cohort studies investigating the risk of severe hos-
pital-acquired hyponatremia in acutely ill children receiv-
ing moderately hypotonic fluid therapy. The comprehensive
and fully electronic, web-based laboratory system used in
our hospital enabled the high-quality study design. Thus,
our study provides a reliable estimate of hyponatremia in a
population-based sample of representative acutely ill chil-
dren. We were able to collect data from original medical
records, including details about fluid therapy, in all children
with severe hyponatremia. Even though the data regarding
the fluid therapy of all 46,000 children were not available
electronically, we performed a manual review of full original
medical records in a random sample of children to produce a
reliable denominator for those receiving fluid therapy.

There are some limitations of this study. This was a sin-
gle-center study, and the results may not be generalizable to
all pediatric populations. Children presenting to the pediatric
ED represent only a subset of all pediatric patients. Fur-
thermore, most acutely ill oncological and surgical patients
were not included in the study population. As the symptoms
of hyponatremic encephalopathy are difficult to recognize
[14], this retrospectively analyzed cohort may underestimate
the risk of neurological symptoms in children with severe
hyponatremia. In addition, surgical trauma patients were not
treated at the pediatric ED during the study. Most impor-
tantly, the study was an observational cohort study in the era
of moderately hypotonic fluid therapy, and we do not know
whether isotonic fluid therapy might have been effective in
preventing the severe hyponatremia reported in our study.
Yet, this is one of the first attempts to produce an estimate
for the risk of severe hyponatremia in acutely ill children
treated with moderately hypotonic fluid therapy.

In conclusion, in this register-based cohort study of chil-
dren presenting to a pediatric ED, severe hyponatremia
developed in one of 998 acutely ill children receiving mod-
erately hypotonic fluid therapy. In the future, we suggest that
the risk of severe hospital-acquired hyponatremia in children
receiving isotonic fluid therapy is investigated.
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