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ABSTRACT 
 

Background:  Electrolyte abnormalities are common in critically ill children, resulting in morbidity and mortality irrespective 
of primary problem.  
Objective: To determine the frequency of normal and deranged/ abnormal serum electrolyte levels among critically ill 
pediatric patients admitted to the Pediatric Intensive Care Unit (PICU), and to assess the association between electrolyte 
abnormalities and morbidity and mortality outcomes. 
Method:  This Prospective Cross-sectional Study was conducted in PICU, Department of Paediatrics, Mayo Hospital, 
Lahore, Pakistan, from August 2024 to January 2025. Written informed consent was obtained from the parents or guardians 
of the patients. Blood samples were drawn at admission and sent for serum levels of sodium, potassium, and chloride. The 
frequency of electrolyte abnormalities and their association with outcome variables was determined. Data from all cases 
were subjected to statistical analysis through SPSS version 26. The Chi-square test was applied in two groups of patients, 
and Mann–Whitney U test was applied to compare hospital stay. Statistical significance was defined as a p-value ≤ 0.05. 
Results: Out of the 93 enrolled children, 54 were male (58.1%), 39 were female (41.9%), and electrolyte imbalance was 
found in 29 (31.2%). The most common electrolyte abnormality was hyponatremia. Potassium and chloride levels were 
significantly lower in the imbalance group (p = 0.007 and p = 0.030, respectively), with 95% CIs of –1.1 to –0.2 and –5.0 to 
–1.5 mmol/L. Sodium showed a trend toward lower values (p = 0.060; 95% CI: –3.5 to –0.5). Patients with electrolyte 
imbalance had significantly longer PICU stays (6.0 vs 3.0 days; 95% CI: 1.0–5.0; p = 0.017). Mortality was higher in the 
imbalance group (41.4% vs 25.0%) but was not significant (p = 0.090). 
Conclusion: Children admitted to the PICU with electrolyte imbalances experience significantly higher mortality rates and 
longer PICU stay compared to those with normal electrolyte levels. 
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INTRODUCTION: Electrolyte abnormalities are common in critically ill children [1, 2]. These disturbances 

occur frequently in the Pediatric Intensive Care unit (PICU) setting and pose a significant clinical challenge. The 

maintainance of proper electrolyte balance is essential for sustaining organ function and homeostasis in 

critically ill patients [3].  

Among the major electrolytes, sodium, potassium, and chloride play critical roles in cellular physiology. In case 

of their imbalance, cellular processes are disrupted, leading to increased morbidity and mortality. Approximately 

30% of ICU patients develop hypernatremia or hyponatremia during their stay, both of which are independent 

risk factors for poor prognosis [4]. Potassium, the primary intracellular cation, is crucial for cardiac conduction 

and neuromuscular activity. Hypokalemia occurs in about 15% of children admitted to the PICU, whereas 

hyperkalemia develops in approximately 3.3% of hospitalised patients [5]. Collectively, electrolyte abnormalities 

are associated with poor clinical outcomes in children [6]. 

A prospective study of critically ill children reported that 108 (60%) exhibited electrolyte abnormalities, while 72 

(40%) maintained normal electrolyte levels. Mortality among children with electrolyte disturbances was 30.5%, 

significantly higher than the 4.1% observed in those with normal electrolyte levels [7]. A study from Pakistan 
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reported the electrolyte imbalance in 84% (85 out of 101) children in the PICU. The mortality rate was 21 

(24.7%) in children with electrolyte imbalance as compared to two (12.5%) in those without electrolyte 

imbalance [3]. The rationale of the study was to determine the outcomes in PICU patients with electrolyte 

abnormalities and to compare the findings with those of patients with normal serum electrolytes. This will 

highlight the adequacy and urgency in the management of these patients. 

 

METHODOLOGY:  This Prospective Cross-sectional Study was conducted at PICU, Department of Pediatric 

Medicine, KEMU/Mayo Hospital Lahore, over a period of six months between August 2024 and January 2025, 

after approval by the Institutional Review Board (IRB letter No.432/RC/KEMU, dated 31/03/2022). After 

informed consent from parents/guardians, children aged 1 month to 15 years, of either gender, admitted to the 

PICU were included in the study. The sample size of 93 was determined using the WHO sample size calculator, 

based on a 95% confidence interval, an expected prevalence of electrolyte imbalance of 60%, and a margin of 

error of 10% [6]. Patients with documented chronic or comorbid illness, referred from any other hospital after 

any form of treatment, and with severe malformations and significant congenital defects were excluded from 

the study. Non-probability consecutive sampling was used. Their detailed history was taken, and a thorough 

examination was done. A predesigned proforma was used to collect the detailed demographic and clinical 

history of each enrolled case. Blood samples were drawn at admission and sent to the Pediatric Laboratory, 

Mayo Hospital, Lahore. Electrolyte imbalance was defined as the presence of one or more abnormal serum an 

electrolyte value. Normal reference ranges were: serum sodium 135–145 mmol/L, potassium 3.5–5.5 mmol/L, 

and chloride 95–110 mmol/L. Values above or below these levels were labelled as abnormal. A child was 

labelled as having electrolyte imbalance if any one of the three serum electrolytes was abnormal. All enrolled 

patients were followed from admission till their stepdown or death in the PICU.  The pprimary ooutcome was 

mortality in children with and without electrolyte imbalance, admitted to PICU, and the secondary outcome was 

duration of PICU stay. Data from all cases were subjected to statistical analysis through IBM SPSS version 26. 

Normality of the data was tested by the Shapiro-Wilk test. Quantitative data, such as age, weight, and serum 

electrolyte levels, were represented as Median (IQR). Qualitative variables, including gender, admission 

diagnosis, presence and type of electrolyte imbalance, and mortality outcomes, were presented as frequencies 

and percentages. Chi-square test was used to compare outcomes between the two groups of children, while 

the Mann–Whitney U test was used to compare hospital stay. Statistical significance was defined as a p-value 

≤ 0.05. 

 

RESULTS: Of the 93 children, 54 (58.1%) were male and 39 (41.9%) were female. The median age was 0.83 

years (IQR: 0.21–1.88; range: 0.08–14 years). The median weight was 6 kg (IQR: 4.0–10.0; range: 2–36 kg). 

Pneumonia was the most frequent diagnosis, observed in 30 (32.3%) children. The median hospital stay of the 

study participants was 4.0 days (interquartile range: 2.0–6.75 days). These demographic details are 

represented in Table 1. 

Table 1: Demographic features of the Enrolled Children (N=93) 

Characteristics Category Frequency (n) Percentage (n/N %) 

Gender Male  54 58.1 

 Female 39 41.9 

Age (Years) ≤1 59 63.4 

 1-5 19 20.4 

 6-10 6 6.5 

 11-15  9 9.7 

Weight (kg) Median (IQR) 6.0 kg (IQR: 4.0- 10.0) 

Presenting Illness Pneumonia  30 32.3 
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 Sepsis   16 17.2 

 Meningitis  15 16.1 

 Meningoencephalitis  5 5.4 

  Acute Watery diarrhea 5 5.4 

 Bronchiolitis   3 3.2 

 Others 19 20.4 

Electrolyte  Yes 29 31.2 

Imbalance  No  64 68.8 
PICU Stay (Days) Median (IQR) 3.0 days (IQR: 2.0 – 6.0) 
Total (N)  93 100.0 
    

*Others include diseases such as Encephalopathy, Diabetic Ketoacidosis, Anemic Heart Failure 

The electrolyte imbalance was found in 29 (31.2%) patients, while 64 (68.8%) had normal serum electrolytes. 
Hyponatremia was the most common electrolyte abnormality observed in 11 (42%) children. Frequency and 
percentages of Electrolyte abnormalities are expressed in Figure 1. 

 

Figure 1: Distribution of Electrolyte Abnormalities among Patients 

Table 2 shows a comparison of the serum sodium, potassium, and chloride levels between children with and 

without electrolyte imbalance. Potassium and chloride levels were significantly (p = 0.007 p = 0.030 

respectively) lower in children with electrolyte imbalance, while sodium showed a trend toward lower values (p 

= 0.060). Children with imbalance had significantly longer (median 6.0 vs 3.0 days) PICU stays (p = 0.017).  

Table 2: Comparison of Electrolyte Levels Using Mann–Whitney U Test (n=93) 

Variable Electrolyte Imbalance  Median (IQR) p-value (95% CI)  

Sodium 
Yes  135.0 (133.0 – 136.5) 

0.060 (-3.5 to -0.5) 
No  137.0 (136.0 – 138.5) 

Potassium Yes  3.9 (3.5 – 4.5) 
0.007 (-1.1 to -0.2) 

 No  4.5 (4.1 – 5.0) 

Chloride  Yes  98.5 (96.0 – 101.5) 0,030 (-5.0 to -1.5) 

 No   102.0 (100.0 – 105.0)  

PICU Stay  Yes    6.0 (3.0 – 9.0) 
0.017 (1.0 to 5.0) 

 No   3.0 (2.0 – 5.0) 

 

42%

4 (15%)

27%

12%
4%

Hyponatremia

Hypernatremia

Hypokalemia

Hyperkalemia

Hypochloremia
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The mortality rate was higher in children with electrolyte imbalance, 41.4% (12/29) as compared to 25.0% 

(16/64) in the group without electrolyte imbalance.  Overall, the mortality rate was 30.1% (28/93) of the children 

got expired during their PICU stay, as shown in Table 3. 

 

Table 3: Distribution of children with respect to Mortality (n=93) 

 

  Imbalance  Total  RR (95% CI)  p-value  

  Yes  No     
     

1.66 
(0.92 
– 
2.99) 

 

 
Mortality  No  17 (58.6%) 48 

(75.0%) 
65 (69.9%)  

 Yes  12 (41.4%) 16 
(25.0%) 

28 (30.1%) 0.090 

Total (N)  29 (100.0%)  64 
(100.0%)  

93 
(100.0%)  

 

 

 

DISCUSSION:  Maintenance of optimal electrolyte balance is fundamental for preserving physiological 

homeostasis [8,9,10]. Early identification of electrolyte disturbances is crucial for appropriate clinical 

management [11]. In critically ill pediatric patients, serum electrolyte abnormalities significantly influence 

outcomes and are linked with increased rates of PICU admission [12].  

Of the total 93 children, Electrolyte imbalance was found in 29(31.2%) children, while 64(68.2%) had normal 

electrolyte levels. In a study, overall electrolyte abnormalities were found in 108 out of 180 children (60 %),  and 

Haider et al where serum electrolyte abnormalities were observed in 57.3% of children [7,13]. In another study 

from Pakistan, electrolyte abnormalities were present in 85% [3]. Another study showed 49.1% of the children 

had electrolyte disorders [14]. However, our results are comparable to those of Rao and Thomas, in which 32% 

children showed electrolyte abnormalities [15]. 

In our study, Hyponatremia was the most common electrolyte abnormality, observed in 11 (42.4%) patients 

while hypernatremia was observed in four (15.4%), Hypokalemia in seven (26.9%) children and hyperkalemia 

in three (11.5%) patients. Hypochloremia was seen in only one (3.8%) patient without any case of 

Hyperchloremia. Our findings are in accordance with other studies [9,10,13-18]. Studies by Agarwal et al. and 

Elala and Shimelis reported hyponatremia in 50.5% and 51.4% children, respectively [7,19]. Ali et al found 

hyponatremia in 36% and hypokalemia in 64% [9]. Hyponatremia impairs cellular function by creating an 

osmotic gradient that draws water into cells. In the brain, this cerebral oedema can manifest as altered mental 

status, seizures, or increased intracranial pressure. This cellular dysfunction likely contributed to the higher 

mortality observed in children with electrolyte imbalances. Low potassium impairs skeletal muscle contractility 

and respiratory muscle function, potentially worsening respiratory failure and prolonging ventilatory 

dependence. Additionally, hypokalemia increases cardiac arrhythmia risk by prolonging repolarisation, which is 

especially dangerous in children with underlying cardiopulmonary compromise. Given that pneumonia was the 

most common illness, the combination of respiratory infection and hypokalemia likely created a cycle of 

worsening respiratory function. 

In our study, the mortality was about 28 (30.1%).  The mortality rate was higher in children with electrolyte 

imbalance, 41.4% (12/29), as compared to 25.0% (16/64) in the children without electrolyte imbalance. The 

overall mortality rate was 30.5% in a study in children having dyselectrolytemia [7]. 

PICU stay was longer in children with electrolyte imbalance: 6.0 (3.0–10.0) days, compared to 3.0 (2.0–5.0) 

days in those without electrolyte imbalance, which was statistically significant (p = 0.017). In another study, the 

median PICU stay was 4.0 (3.0-8.0) days, in children presenting with SEAs [20]. The significantly longer PICU 

stay in children with electrolyte imbalances likely reflects the physiological burden these imbalances impose. 

Hyponatremia-induced cerebral dysfunction, hypokalemia-related respiratory muscle weakness, and 

arrhythmia risk all require extended monitoring and treatment, delaying clinical recovery. 

The limitation of our study was that it did not define various factors, like the nature and severity of underlying 
disease, which could have contributed to higher morbidity and mortality. Detailed analysis of other confounding 
factors and a possible multivariate analysis could provide a comprehensive assessment of the results of the 
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study. Another limitation was the smaller sample size; a study with large sample size, in multiple centres of 
Pakistan, should be conducted in future to validate the results. 

CONCLUSION:  Critically ill patients admitted to the PICU with electrolyte imbalances experience significantly 

higher mortality rates and longer PICU stay compared to those with normal electrolyte levels. These findings 

suggest that electrolyte abnormalities are important predictors of poor outcomes in paediatric age group. Timely 

recognition and management of electrolyte disturbances, besides the management of primary disease, will help 

in improving outcomes. 
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