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ABSTRACT 

Objective: To determine the frequency of mortality in patients with hyponatremia admitted in the Paediatric intensive care 
setting. 
Study Design: Cross-sectional study. 
Place and Duration of Study: Department of Paediatrics, Combined Military Hospital, Rawalpindi, Pakistan, from Jan to Jul 
2022.  
Methodology: The study was based on a sample of 118 patients admitted for intensive care between the ages of 1 to 12 years 
with a serum sodium of less than 135 mmol/L. Patients who had artefactual hyponatremia or those who only developed the 
electrolyte imbalance during admission were excluded. Patients were documented for demographic data, and the degree of 
hyponatremia was classified according to severity, while the requirement for mechanical ventilation and inotropic support 
was also noted. Patients were followed up till discharge or death. Data was analyzed by SPSS 26.0. 
Results: We studied a population with a mean age of 5.76±3.17 years. Most of the patients, 74(57.8%) were male. Male patients 
tended to have a lower serum sodium level compared to females, (p=0.029). Younger patients tended to develop more severe 
hyponatremia, (p<0.001), the case being similar with patients with lower weights, (p<0.001). The study also showed that pa-
tients with a lower sodium level on admission tended to have a longer hospital stay, (p=0.021), but this did not influence mor-
tality, (p=0.177). 
Conclusion: Hyponatremia on admission occurs more frequently in younger children who weigh less. The imbalance is asso-
ciated with longer hospital stays but does not affect mortality.  
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INTRODUCTION 

 Hyponatremia is defined as a serum sodium 
level of less than 135 mmol/L in the pediatric 
population.1 The primary etiology of this imbalance in 
children revolves around the presence of an excess of 
free water which can occur in hypovolemic patients 
with a low extra-cellular fluid volume, in 
normovolemic patients with excess antidiuretic 
hormone (ADH) secretion, or in hypervolemic patients 
with normal ADH levels but decreased circulating 
volume. All these scenarios have the propensity to 
develop in the intensive care setting as these patients 
are more susceptible to fluid shifts, excess ADH 
production and, iatrogenically, due to over-
hydration.2,3 

Significant hyponatremia is associated with 
potentially devastating complications: Patients have 
the tendency to develop cerebral oedema, raised intra-
cranial pressure, increased intra-cranial blood flow 
and, in extreme cases, tonsillar herniation.4 These 

complications typically manifest as headaches, 
nausea/vomiting, transient apnea, altered 
consciousness or, in severe cases, rhabdomyolysis, 
seizures, coma or even death.5,6 Management of 
electrolyte disturbances represents a significant hurdle 
in the management of the critically ill, but even more-
so in the pediatric age group: Mild cases can be 
managed with cessation of hypo- or isotonic 
fluid/fluid restriction and/or diuretic therapy, while 
more severe cases require management with 
hypertonic saline.7,8 However, this presents its own set 
of problems: Rapid correction of hyponatremia may 
result in the development of Osmotic Demyelination 
Syndrome (ODS) which may culminate in death due 
to pontine myelinolysis.9 Careful, step-wise correction 
is required to avoid this complication.7,10 

 The frequency at which serious complications 
arise among pediatric patients suffering from 
hyponatremia in critical care settings remains 
uncertain within Pakistani study populations. Early 
recognition of the complication and the timely 
institution of appropriate management is imperative 
to prevent both short- and long-term morbidity and 
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mortality. The primary objective of this study was to 
assess how frequently adverse outcomes arise among 
children diagnosed with hyponatremia who are 
admitted to intensive care. By evaluating the incidence 
of these outcomes, the research aims to increase 
awareness among clinicians regarding the need for 
heightened vigilance when managing pediatric 
patients with hyponatremia. Additionally, 
understanding the frequency of complications can 
help guide the level and intensity of clinical 
management required for these vulnerable patients.  

METHODOLOGY 

 This descriptive cross-sectional study was 
conducted from Jan to Jul 2022 in the Department of 
Paediatrics, Combined Military Hospital, Rawalpindi, 
Pakistan. 128 patients, whose parents/guardians gave 
informed consent, were admitted to the Paediatric 
Intensive Care Unit (PICU) were selected for the 
study. Institutional Ethical Review Committee 
approved the study protocol (ERC # 304/CMH Rwp) 
All patients were selected via non-probability 
consecutive sampling. The WHO sample size 
calculator was used to calculate the sample size 
keeping a confidence level (1-α) of 95%, an absolute 
precision (d) of 0.07 and an anticipated population 
proportion of 20.4%, which was the proportion of 
hyponatremic pediatric patients admitted for critical 
care in whom mortality occurred.11  

Inclusion Criteria: Patients of both genders, between 
the ages of 1 and 12 years, and suffering from 
hyponatremia at the time of presentation, defined as 
serum sodium less than 135 mmol/L, were included in 
the study.  

Exclusion Criteria: Patients who developed 
hyponatremia during admission, those who had 
artefactual hyponatremia i.e., patients who had 
hyponatremia on a single reading, which disappeared 
on a repeated sample conducted after six hours of first 
reading, and those aged less than 1 year, and over 12 
years were excluded from the study.  

 All patients were documented for 
demographic data such as age and gender, at the time 
of enrollment, which was followed by the recording of 
clinical parameters such weight, primary diagnosis as 
well as serum sodium levels at the time of admission 
as well as six hours afterwards, to confirm the 
presence of hyponatremia. Additionally, 
hyponatremia was graded according to severity with 
mild hyponatremia defined as 130–134.9 mmol/L), 
moderate as 125–129.9 mmol/L and severe as less than 

125 mmol/L. Lastly, data regarding requirement for 
mechanical ventilation, inotropic support, length of 
admission in intensive care, and whether patient died 
or was discharged was also documented along the 
course of admission. 

 Data was analyzed using the Statistical 
Package for the Social Sciences version 26.0. Mean and 
standard deviation was calculated for quantitative 
variables specifically age, weight, serum sodium levels 
on admission, length of hospital stay. Qualitative 
variables like gender, primary diagnosis, degree of 
hyponatremia, requirement for assisted ventilation or 
inotropic support and patient outcome were recorded 
in terms of frequency and percentage. Patients were 
grouped according to severity of hyponatremia as 
above and comparison was made across these groups 
using the Chi-square test for qualitative variables and 
the independent samples t-test and the one-way 
ANOVA were employed for quantitative variables, 
where applicable. 

RESULTS 

 Our study sample was composed of a total of 
128 patients. The mean age of these patients was 
5.76±3.17 years, while most of the patients enrolled 
were male: 74(57.8%). The mean weight was 
21.83±8.57 kg. Patients were categorized according to 
the primary system affected by the illness for which 
they were admitted, 7(5.5%) had a primarily 
neurological issue, the respiratory system was 
primarily affected in 15(11.7%) patients, 11(6.5%) had 
a cardiovascular complaint, while gastrointestinal 
complaints were the second most common cause: 
27(21.1%). Sepsis was the most common reason for 
admission in critical care settings, accounting for 
33(25.8%) patients. Lastly, primary disorders of the 
renal system, trauma and miscellaneous causes 
accounted for 18(14.1%), 10(7.8%) and 7(5.5%) cases. 
The mean serum sodium level of the sample was 
127.15±3.70 mmol/L. A total of 43(33.6%) cases had 
mild hyponatremia, while 46(35.9%) and 39(30.5%) 
were moderate and severe, respectively. Assisted 
ventilation was required by 15(11.7%) patients, while 
inotropic support was required by 28(21.9%) patients. 
The mean length of hospital admission for the sample 
was 14.81±8.32 days. A total of 13(10.2%) patients died 
during admission, while 115(89.8%) were discharged 
to home. The results of the study are shown in Table-I, 
where the different study parameters are organized 
according to the gender of the patients. 
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Table-II shows that study results according to 
severity of hyponatremia. A younger age was 
associated with a higher incidence of more severe 
hyponatremia in our sample, (p<0.001). Additionally, 
lower weight was associated with a higher incidence 
of more severe hyponatremia, (p<0.001). The length of 
hospital stay was inversely proportional with the 
degree of severity of hyponatremia (p=0.021); 
however, it did not influence mortality, (p=0.177). 
 

Table-I: Gender based Study Parameters (n=128) 

Variable 
Male 

(n=74) 
Female 
(n=54) 

p-
value 

Gender 74 (57.8%) 54 (42.2%) - 

Age (years) 5.39 ± 3.27 6.26 ± 2.99 0.127 

Weight (kg) 21.88 ± 8.45 21.76 ± 8.82 0.938 

Primary Diagnosis 

Neurological System 4 (5.4%) 3 (5.6%) 

0.106 

Respiratory System 13 (17.6%) 2 (3.7%) 

Cardiovascular System 5 (6.8%) 6 (11.1%) 

Gastrointestinal System 14 (18.9%) 13 (24.1%) 

Renal System 11 (14.9%) 7 (12.9%) 

Sepsis 18 (24.3%) 15 (27.8%) 

Trauma 3 (4.0%) 7 (12.9%) 

Other 6 (8.1%) 1 (1.9%) 

Serum Sodium Level (mmol/L) 123.96±3.53 129.61± 2.58 0.029 

Classification of Hyponatremia according to Severity 

Mild 22 (29.7%) 21 (38.9%) 

0.105 Moderate 24 (32.5%) 22 (40.7%) 

Severe 28 (37.8%) 11 (20.4%) 

Assisted Ventilation 11 (14.9%) 4 (7.4%) 0.195 

Inotropic Support 15 (20.3%) 13 (24.1%) 0.607 

Length of Hospital Stay (days) 15.34 ± 8.34 14.09 ± 8.30 0.405 

Outcomes 

Discharge 68 (91.9%) 47 (87.1%) 
0.369 

Mortality 6 (8.1%) 7 (12.9%) 

 

Table-II: Analysis According to Severity of Hyponatremia 

Variables Mild Moderate Severe 
p-

value 

Age 8.74±2.85 5.76±1.51 2.46±0.85 <0.001 

Gender 

Male 22(51.2%) 24(52.2%) 28(71.8%) 
0.105 

Female 21 (48.8%) 22 (47.8%) 11 (28.2%) 

Weight 29.16±7.78 22.43±4.87 13.03±3.14 <0.001 

Assisted 
Ventilation 

3(6.9%) 6(13.0%) 6(15.4%) 0.468 

Inotropic 
Support 

6(13.9%) 3(6.5%) 9(23.1%) 0.258 

Length of 
Stay (days) 

12.14±8.69 15.37±7.65 17.10±8.04 0.021 

Mortality 7 (16.2%) 2 (4.3%) 4 (10.3%) 0.177 
 

DISCUSSION 

The findings of this study have highlighted more 
susceptibility of pediatric hyponatremia in younger 
males. This observation was associated with 
prolonged hospitalization regardless of underlying 
diagnosis, which highlights its independent impact on 

mortality or recovery. These patterns emphasize the 
need for early identification, careful monitoring, and 
consistent management practices across care settings. 
However, the current evidence base remains limited 
regarding which therapeutic approaches most 
effectively mitigate complications.  

Hyponatremia is a commonly occurring 
electrolyte imbalance which is more frequently present 
in malnourished children suffering from acute 
illnesses, with reported an incidence as high as 48.9% 
in children admitted with severe acute malnutrition in 
certain Pakistani pediatric populations.12 This disorder 
electrolyte imbalance is associated with significant 
consequences, both due to the disturbance itself as 
well as due to the way it is managed as reported by 
Tauseef et al.13 Furthermore, patients who are 
admitted to intensive care or are critically ill at the 
time of presentation typically have a higher incidence 
of hyponatremia as reported by Al-Sofyani et al., with 
frequencies of hyponatremia as high as 67.2% in 
children admitted to intensive care units.11  

 In our study, hyponatremia was more 
common in males. This in keeping with existing 
literature such as Zhang et al., who also noted that 
hyponatremia in the critical care setting had a male 
preponderance in the adult population.14 This 
difference in prevalence may be attributable to the so-
called male disadvantage where differences in male 
physiology, especially in the first year of life, are 
associated with an increased risk for morbidity and 
mortality as reported by Maiolo et al.15 Additionally, 
our results showed that a younger age was associated 
with an increased risk of developing severe 
hyponatremia, which is also in keeping with existing 
studies in literature such as Park et al., and Storey et 
al., which may be attributable to an immature renin-
angiotensin-aldosterone homeostatic system for the 
maintenance of serum sodium levels in the 
physiological range.16,17 

 Our study demonstrated that children with 
lower mean body weight had a higher chance of 
developing more severe hyponatremia, however, it 
was unclear whether it was due to a lower weight for 
age, or whether the patients were younger. Yet, this 
was also in keeping with the findings that younger 
and malnourished children have a higher risk of 
developing more severe imbalances, as described 
earlier. Our results were in accord with those from 
Bamehrez et al., and Monnikendam et al., who 
reported that infants who had lower weights had a 
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higher incidence of severe hyponatremia as compared 
to their counterparts with normal weights.18,19 
However, Al-Sofyani et al., found no relationship 
between weight and the incidence of severe 
hyponatremia. This difference was attributed to the 
location and season in which respective studies were 
conducted. Our sample was mostly studied in winter 
months and in colder climes, while study conducted in 
Saudi Arabia during summer, when the weather is 
exceptionally hot might have affected the results.11 

Patients who develop hyponatremia may require 
intensive care, the need for telemetry, assisted 
ventilation and inotropic support, as demonstrated by 
Hasegawa et al.,21 Our study did not demonstrate any 
statistically significant increase in requirement based 
on the severity of hyponatremia. Zheng et al., found 
that severe hyponatremia increased the need for 
mechanical ventilation. This reflects their focus on 
bacterial meningitis patients, whereas our study 
included a broader patient group.20 

Our study showed that patients with 
hyponatremia had a prolonged in-hospital stay: The 
more severe the hyponatremia, the longer the length 
of hospital admission, which was in keeping with 
existing literature.11,20 However, we also noted that 
there was no increase in mortality associated with the 
severity of hyponatremia. The results of the study 
were aligned with Sachdev et al., who noted that there 
was no increase in mortality with severity of 
imbalance.21 Conversely, Bindu et al., noted that there 
was a significant correlation between the occurrence of 
mortality and the severity of hyponatremia, but it 
must be noted that there was a significant degree of 
confounding from other factors such as primary 
disease, time to presentation and method of 
management.22  

In summary, the relationship between 
hyponatremia and mortality remains complex. Our 
findings, along with those from previous studies, 
suggest two interpretations: hyponatremia may either 
directly contribute to increased mortality risk, or it 
may simply serve as a marker of worsening patient 
status, reflecting underlying critical illness rather than 
causing it. Further research is essential to clarify this 
distinction and guide clinical decision-making. 

LIMITATIONS OF STUDY 

One significant limitation of this study is the absence of 
a control arm. Without comparing outcomes between 
hyponatremic and non-hyponatremic pediatric patients, it is 
challenging to establish a direct causal relationship between 

hyponatremia and mortality. A control group would 
provide valuable insight into whether observed 
complications are truly attributable to hyponatremia or are 
influenced by other underlying factors. 

Additionally, the study's scope was limited. A broader 
investigation that incorporates additional confounding 
variables such as time to hospital presentation, specific 
management strategies, and monitoring protocols would 
give more reliable and comprehensive results. Considering 
these factors is essential for accurately interpreting the 
impact of hyponatremia on patient outcomes. 

Furthermore, pediatric physiology evolves rapidly, 
and the response to hyponatremia may differ significantly 
between infants, toddlers, and older children. Therefore, 
future research should adopt a more targeted approach, 
focusing separately on each age group. This would help 
clarify age-specific responses and improve the applicability 
of findings across the pediatric population. 

CONCLUSION 

 Paediatric hyponatremia can be associated with 
serious complications. Younger males are at the highest 
degree of risk for complicated hospital courses and require a 
higher degree of vigilance. Such patients have longer 
requirements for in-hospital care, regardless of the 
underlying diagnosis. Further study should look at 
management techniques for hyponatremia, to determine 
whether they are beneficial in improving outcomes. 
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