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Abstract 
Background: Electrolyte disturbances are common complications in patients with traumatic brain injury (TBI) and may contribute to secondary 

brain injury and poor outcomes. However, their temporal pattern and prognostic significance remain incompletely characterized, particularly in 

resource-limited settings. Objective: To evaluate the frequency, temporal evolution, and clinical significance of sodium and potassium disturbances 

in adult patients with moderate and severe traumatic brain injury. Methods: This prospective observational study included 70 adult patients with 

moderate and severe TBI. Serial plasma sodium and potassium levels were measured from admission through the first 10 days of hospitalization. 

Electrolyte disturbances were categorized as hyponatremia, hypernatremia, hypokalemia, and hyperkalemia. Clinical outcomes were assessed at 

12 weeks using the Glasgow Outcome Score. Associations were analyzed using chi-square tests and multivariate logistic regression. Results: 

Electrolyte disturbances occurred in 48.6% of patients. Hypernatremia was the most common abnormality (44.1%), followed by hyponatremia 

(26.5%) and hyperkalemia (23.5%). Most disturbances (73.5%) occurred within the first 5 days of injury. Electrolyte abnormali ties were more 

frequent in severe TBI compared with moderate injury (81.8% vs 42.4%, p = 0.018). Mortality was significantly higher in patients with electrolyte 

disturbances (52.9% vs 5.6%, p < 0.001). On multivariate analysis, electrolyte derangement independently predicted mortality (adjusted OR 6.214; 

95% CI 1.423–27.135; p = 0.015). Conclusion: Electrolyte disturbances are frequent, occur early after injury, and are independently associated 

with mortality in traumatic brain injury. Early detection and prompt correction may improve outcomes. 

Keywords: Traumatic brain injury; Electrolyte imbalance; Hyponatremia; Hypernatremia; Potassium disturbance; Mortality; Neurocritical 

care. 
 

 

1. Introduction 

Traumatic brain injury (TBI) remains a major cause of mortality and 

long-term disability worldwide, particularly among young adults in 

low- and middle-income countries. Beyond the initial mechanical 

insult, secondary brain injury plays a critical role in determining 

patient outcomes and is often driven by systemic and metabolic 

disturbances that evolve during the course of care. 

Electrolyte imbalance is among the most frequently 

encountered systemic complications in patients with traumatic brain 

injury. Alterations in plasma sodium and potassium levels may arise 

from a combination of hypothalamic-pituitary dysfunction, renal 

impairment, systemic inflammatory responses, and therapeutic 

interventions employed in neurocritical care. These disturbances can 

exacerbate neuronal injury, impair cerebral perfusion, and ultimately 

worsen clinical outcomes. 

Hyponatremia is a well-recognized complication following 

brain injury and is commonly associated with the syndrome of 

inappropriate antidiuretic hormone secretion (SIADH) or cerebral 

salt-wasting syndrome (CSWS) [1]. In contrast, hypernatremia may 

occur as a result of diabetes insipidus, osmotic diuresis, or 

inadequate fluid replacement [2]. Both conditions have been linked 

to increased morbidity and mortality in patients with neurological 

injury. 

Potassium disturbances are also observed following 

traumatic brain injury and may result from catecholamine surge, 

cellular injury, and renal dysfunction [3]. Although less frequently 

emphasized than sodium abnormalities, potassium imbalance carries 

important clinical implications, particularly due to its association 

with cardiac arrhythmias and systemic instability. 

Several studies have reported varying incidences of 

electrolyte disturbances in patients with traumatic brain injury. Usha 

et al. reported electrolyte imbalance in approximately 75% of 

patients [4], while Lohani et al. documented sodium disturbances in 

nearly half of patients with moderate and severe head injuries [5]. 

Dey et al. further demonstrated that electrolyte abnormalities may 

significantly influence neurological outcomes in this population [6]. 

Clinical outcomes in traumatic brain injury are commonly assessed 

using the Glasgow Outcome Scale, a validated tool for evaluating 

functional recovery following brain injury [7]. Despite these 
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observations, the temporal evolution of electrolyte disturbances 

during the acute phase of traumatic brain injury remains 

incompletely understood, particularly in resource-limited settings. 

Most existing studies focus primarily on the presence or type of 

electrolyte abnormality, with limited attention to the timing of onset 

and its potential relationship with injury severity and clinical 

outcomes. 

A clearer understanding of when electrolyte disturbances 

occur, and how they relate to disease severity and mortality, may 

help inform monitoring strategies and guide timely interventions. 

This study was therefore designed to evaluate the frequency, 

temporal pattern, and clinical significance of sodium and potassium 

disturbances in adult patients with moderate and severe traumatic 

brain injury. 

2. Methodology 

2.1. Study Design and Setting 

This study was designed as a prospective observational study 

conducted at the Neurosurgery Unit of the Department of Surgery, 

Ekiti State University Teaching Hospital, Ado-Ekiti, Nigeria. The 

institution is a tertiary referral center that provides specialized 

neurosurgical and critical care services to patients within the region. 

Eligible patients were recruited consecutively over the study period. 

2.2. Study Population 

The study population comprised adult patients aged 18 years and 

above who presented with moderate or severe traumatic brain injury. 

A total of 70 patients who met the eligibility criteria were enrolled 

consecutively during the study period. 

2.3. Eligibility Criteria 

Patients were considered eligible for inclusion if they were adults 

aged 18 years or older, presented with moderate or severe traumatic 

brain injury, were admitted within four days of injury, and had serial 

serum electrolyte measurements available during hospitalization. 

Patients with pre-existing renal disease, known chronic electrolyte 

abnormalities, or prior use of medications capable of altering 

electrolyte balance were excluded from the study. 

2.4. Clinical Assessment 

All patients underwent detailed clinical evaluation at presentation. 

The severity of traumatic brain injury was assessed using the 

Glasgow Coma Scale, and patients were classified as having 

moderate injury if the score ranged from 9 to 12 and severe injury if 

the score ranged from 3 to 8. Where feasible, computed tomography 

imaging of the brain was performed to identify and characterize 

intracranial pathology. 

2.5. Treatment Protocol 

Patients with moderate traumatic brain injury were managed in the 

neurosurgical wards, while those with severe injury were admitted 

to the intensive care unit for closer monitoring and supportive care. 

Management followed standard neurotrauma care protocols and 

included airway stabilization, mechanical ventilation when 

indicated, administration of osmotic agents for intracranial 

hypertension, and surgical intervention when clinically required. 

2.6. Electrolyte Monitoring and Definitions 

Serial measurements of plasma sodium and potassium were 

performed at admission, 12 hours after presentation, 24 hours after 

presentation, and subsequently on a daily basis from day 2 to day 10 

of hospitalization. Electrolyte disturbances were defined using 

standard laboratory reference ranges. Hyponatremia was defined as 

a serum sodium level below 135 mmol/L, while hypernatremia was 

defined as a level above 145 mmol/L. Hypokalemia was defined as 

a serum potassium level below 3.5 mmol/L, and hyperkalemia as a 

level above 5.0 mmol/L. Patients were classified as having an 

electrolyte disturbance if any of these abnormalities occurred at any 

point during the monitoring period. 

2.7. Outcome Assessment 

Clinical outcomes were assessed at 12 weeks following injury using 

the Glasgow Outcome Scale, which categorizes outcomes into death, 

vegetative state, severe disability, moderate disability, and good 

recovery [7]. For the purpose of analysis, outcomes were further 

grouped into favourable outcomes, comprising moderate disability 

and good recovery, and unfavourable outcomes, comprising death, 

vegetative state, and severe disability. 

2.8. Statistical Analysis 

Data were entered and analyzed using the Statistical Package for the 

Social Sciences (SPSS) version 25.0 (IBM Corp., Armonk, NY, 

USA). Continuous variables were summarized as mean ± standard 

deviation, while categorical variables were presented as frequencies 

and percentages. Associations between categorical variables were 

assessed using the chi-square test or Fisher’s exact test where 

appropriate. Multivariate logistic regression analysis was performed 

to identify independent predictors of mortality, with variables such 

as electrolyte disturbance status, injury severity, and age included in 

the model. The strength of associations was expressed as odds ratios 

with corresponding 95% confidence intervals. A p-value of less than 

0.05 was considered statistically significant. 

2.9. Ethical Considerations 

Ethical approval for the study was obtained from the institutional 

ethics review committee of Ekiti State University Teaching Hospital. 

Informed consent was obtained from patients’ care-givers or their 

legally authorized representatives prior to participation in the study. 

3. Results 

3.1. Patient Characteristics 

Seventy adult patients with moderate and severe traumatic brain 

injury were included in this study. The mean age of the cohort was 

36.3 ± 10.4 years, with nearly half of the patients (47.1%) aged 

between 20 and 34 years (Table 1). There was a clear male 

predominance, with males accounting for 77.1% of the study 

population, resulting in a male-to-female ratio of 3.4:1. 

Most patients sustained moderate traumatic brain injury 

(84.3%), while 15.7% presented with severe injury at admission 

(Table 1). 

Table 1: Baseline demographic and injury characteristics of study population (n=70)  

Variable  Category  Frequency n (%) 

Age group 

 

 

20-34 

35-49 

50-60 

33 (47.1) 

26 (37.2) 

11 (15.7) 

Mean age ± SD (years) - 36.3 ± 10.4 
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Sex  Male 

Female  

54 (77.1) 

16 (22.9) 

Male: Female ratio - 3.4:1 

Severity of TBI (GCS) Moderate (9-12) 

Severe (3-8) 

59 (84.3) 

11 (15.7) 
 

3.2. Clinical Presentation and Treatment Characteristics 

Loss of consciousness was observed in all patients at presentation. 

Multiple clinical features were frequently observed in individual 

patients, and therefore the total number of reported symptoms 

exceeded the number of study participants. Other common clinical 

features included scalp lacerations (44.3%), vomiting (42.9%), 

seizures (37.1%), and cerebrospinal fluid leakage (30.0%) as shown 

in Table 2. 

More than half of the patients (55.7%) had associated extra-

cranial injuries, reflecting a substantial burden of polytrauma. The 

majority of patients were managed conservatively (92.9%), with 

only 7.1% requiring surgical intervention (Table 2). 

Table 2: Clinical Presentation, Associated Injuries and Treatment Characteristics (n = 70) 

Variable  Category  Frequency n (%) 

Clinical features* Loss of consciousness 

Scalp laceration 

Vomiting 

Seizures 

CSF leak  

70 (100.0) 

31 (44.3) 

30 (42.9) 

26 (37.1) 

21 (30.0) 

Associated Injuries  Present 

Absent  

39 (55.7) 

31 (44.3) 

Treatment modality Conservative  

Surgical intervention  

65 (92.9) 

5 (7.1) 

*Multiple responses allowed. Patients presented with more than one clinical feature; therefore, the total frequency exceeds the number of study 

participants. 

3.3. Clinical Outcomes 

At 12 weeks following injury, outcomes assessed using the Glasgow 

Outcome Scale revealed that 28.6% of patients achieved good 

recovery, while 18.5% had moderate disability (Table 3). Severe 

disability and vegetative state were observed in 12.9% and 14.3% of 

patients, respectively. 

Overall mortality was 25.7% (18 patients). When 

categorized, 47.1% of patients had favourable outcomes (GOS 4–5), 

whereas 52.9% experienced unfavourable outcomes (GOS 1-3) 

(Table 3). 

Table 3: Clinical Outcomes at 12 weeks (Glasgow Outcome Score) 

Outcome category  Frequency n (%) 

Good recovery (GOS 5) 

Moderate disability (GOS 4) 

Severe disability (GOS 3) 

Vegetative state (GOS 2) 

Death (GOS 1) 

20 (28.6) 

13 (18.5) 

9 (12.9) 

10 (14.3) 

18 (25.7) 

Outcome grouping  

Outcome group  Frequency n (%) 

Favourable (GOS 4-5) 

Unfavourable (GOS 1-3) 

33 (47.1) 

37 (52.9) 
 

3.4. Occurrence and Pattern of Electrolyte Disturbances 

Electrolyte disturbances were observed in 34 patients (48.6%), while 

36 patients (51.4%) maintained normal electrolyte levels throughout 

hospitalization (Table 4). 

Among those with electrolyte abnormalities, hypernatremia 

was the most common disturbance (44.1%), followed by 

hyponatremia (26.5%), hyperkalemia (23.5%), and hypokalemia 

(5.9%) (Table 4). These findings highlight the predominance of 

sodium imbalance in the acute phase of traumatic brain injury. 

Table 4: Occurrence and types of Electrolyte Disturbance 

A. Overall Occurrence (n = 70) 

Electrolyte status Frequency n (%) 

No derangement 

Any derangement 

36 (51.4) 

34 (48.6) 

B. Type of Disturbance  

Type  Frequency n (%) 

Hypernatremia 

Hyponatremia 

Hyperkalemia 

Hypokalemia  

15 (44.1) 

9 (26.5) 

8 (23.5) 

2 (5.9) 
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Footnotes: Percentages in section A were calculated based on the total study population (n=70). Percentages in section B were calculated among 

patients who developed electrolyte disturbance (n=34). Each patient was classified into a single category of electrolyte disturbance; therefore, 

percentages in section B summed up to 100%. 

3.5. Relationship between Injury Severity and Electrolyte 

Disturbances 

A significantly higher proportion of patients with severe traumatic 

brain injury developed electrolyte disturbances compared with those 

with moderate injury (81.8% vs 42.4%) as seen in Table 5. 

Conversely, normal electrolyte profiles were more frequently 

observed among patients with moderate injury (57.6%) than in those 

with severe injury (18.2%). 

This association was statistically significant (χ² = 5.62, p = 

0.018), indicating that increasing injury severity is strongly 

associated with the development of electrolyte derangements (Table 

5). 

3.6. Temporal Evolution of Electrolyte Disturbances 

The timing of electrolyte abnormalities demonstrated a clear early 

clustering pattern. Among patients with electrolyte disturbances (n 

= 34), 26.5% developed abnormalities within the first 3 days, while 

47.0% occurred between days 4 and 5 (Table 5). The remaining 

26.5% occurred between days 6 and 10. 

Overall, 73.5% of electrolyte disturbances occurred within 

the first 5 days following injury. This temporal distribution was 

statistically significant (χ² = 11.182, p = 0.042), underscoring the 

early post-injury period as a critical phase for electrolyte instability 

(Table 5). 

Table 5: Severity-stratified Electrolyte Disturbances and Pattern 

A. Electrolyte Disturbance by Injury Severity 

Severity  Derangement present n (%) Derangement absent n (%) Total  p-value 

Moderate TBI 

Severe TBI 

Total  

25 (42.4) 

9 (81.8) 

34 

34 (57.6) 

2 (18.2) 

36 

59 

11 

70 

0.018 

 

 

B. Temporal Evolution of Electrolyte Disturbance (n = 34) 

Time interval  Frequency n (%) 

≤ 3 days 

4-5 day 

6-10 days 

9 (26.5) 

16 (47.0) 

9 (26.5) 

C. Early vs Late Occurrence 

Category  Frequency n (%) 

Early (≤ 5 days) 

Late (> 5 days) 

25 (73.5) 

9 (26.5) 

Statistical test  Value 

Chi-square () 

p-value 

11.182 

0.042 

 

3.7. Electrolyte Disturbances and Mortality 

A strong association was observed between electrolyte disturbances 

and mortality. Among patients with electrolyte derangements, 52.9% 

died, compared with only 5.6% mortality among those without 

electrolyte abnormalities (Table 6). 

This difference was highly statistically significant (χ² = 

13.652, p < 0.001), demonstrating a robust relationship between 

electrolyte imbalance and mortality (Table 6). 

3.8. Predictors of Mortality 

Multivariate logistic regression analysis was performed to identify 

independent predictors of mortality. After adjusting for injury 

severity and age, electrolyte derangement remained a significant 

independent predictor of death (adjusted OR = 6.214; 95% CI: 

1.423–27.135; p = 0.015) (Table 6). 

Severe traumatic brain injury was also independently 

associated with mortality (adjusted OR = 4.102; 95% CI: 1.038–

16.209; p = 0.044). 
 

Age did not show a statistically significant association with 

mortality (adjusted OR = 1.029; 95% CI: 0.979–1.082; p = 0.258) 

(Table 6).

Table 6: Electrolyte disturbance and Mortality: Association and adjusted Logistic Regression 

A. Association with mortality (n = 70) 

Electrolyte status  Alive n (%) Dead n (%) Total  

Derangement present 

Derangement absent 

16 (47.1) 

34 (94.4) 

18 (52.9) 

2 (5.6) 

34 

36 

Statistical test  Value  

Chi-square 

p-value 

13.652  

<0.001 

B. Multivariate Logistic Regression (Adjusted) 

Variable  Adjusted OR 95% CI p-value 

Electrolyte derangement 

Severe TBI (vs moderate) 

Age (per year increase) 

6.214 

4.102 

1.029 

1.423-27.135 

1.038-16.209 

0.979-1.082 

0.015 

0.044 

0.258 
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4. Discussion 

 

This study provides a comprehensive evaluation of the pattern, 

timing, and clinical implications of sodium and potassium 

disturbances in adult patients with traumatic brain injury. The 

findings demonstrate that electrolyte abnormalities are common, 

occur predominantly early after injury, and are independently 

associated with mortality [5, 8].  

Nearly half of the patients in this cohort developed 

electrolyte disturbances, as shown in Table 4. This finding is 

consistent with previous studies that have reported a high incidence 

of electrolyte imbalance in traumatic brain injury. Usha et al. 

documented electrolyte abnormalities in approximately 75% of 

patients [4], while Lohani et al. reported sodium disturbances in 

27.2% of 33 patients [5]. The incidence observed in the present 

study, although higher than the findings of Lohani et al, remains 

clinically significant and may reflect differences in monitoring 

intensity or case mix.  

Hypernatremia was the most frequently observed electrolyte 

abnormality, accounting for the largest proportion of disturbances 

(Table 4). This aligns with prior reports indicating that 

hypernatremia is a common complication in neurocritical care, often 

resulting from diabetes insipidus, osmotic diuresis, or inadequate 

fluid replacement [2,9]. The predominance of hypernatremia 

underscores its importance as both a marker of neuroendocrine 

dysfunction and a potential contributor to secondary brain injury.  

Hyponatremia was also commonly observed and remains a 

well-recognized complication of traumatic brain injury, frequently 

associated with SIADH or cerebral salt-wasting syndrome [1]. 

Previous studies, including that of Al Yaqoubi et al. have 

demonstrated that hyponatremia is associated with increased 

mortality in hospitalized patients [10]. The coexistence of both 

hypo- and hypernatremia in this study highlights the complex and 

dynamic regulation of sodium balance following brain injury.  

One of the most important findings of this study is the 

clear temporal pattern of electrolyte disturbances. As demonstrated 

in Table 5, nearly three-quarters of abnormalities occurred within the 

first five days following injury. This early clustering is consistent 

with previous reports by Yano et al., who observed that electrolyte 

imbalances tend to develop in the early post-traumatic period [11]. 

Similarly, Tran et al. emphasized the importance of close 

biochemical monitoring during this critical phase [12]. These 

findings reinforce the need for intensive electrolyte surveillance 

during the first week of hospitalization.  

The present study also demonstrates a significant association 

between injury severity and electrolyte disturbance (Table 5). 

Patients with severe traumatic brain injury were substantially more 

likely to develop electrolyte abnormalities than those with moderate 

injury. This observation is biologically plausible, as severe brain 

injury is more likely to disrupt hypothalamic-pituitary function and 

trigger systemic physiological derangements.   

A key strength of this study lies in the demonstration of a 

strong association between electrolyte disturbances and mortality. 

As shown in Table 6, mortality was markedly higher among patients 

with electrolyte derangements compared with those without. 

Importantly, this association remained significant after adjustment 

for injury severity and age, with electrolyte disturbance conferring 

more than a six-fold increase in the odds of death. 

From a statistical perspective, the use of multivariate logistic 

regression enhances the robustness of these findings by accounting 

for potential confounding variables. The inclusion of injury severity 

in the model is particularly important, given its well-established 

relationship with mortality in traumatic brain injury. The persistence 

of electrolyte disturbance as an independent predictor suggests that 

it is not merely a surrogate for injury severity but may contribute 

directly to adverse outcomes. 

Although the confidence intervals are relatively wide, this 

is expected given the modest sample size and number of outcome 

events. Nevertheless, the effect size is large, the direction of 

association is consistent, and the statistical significance is 

maintained, all of which support the validity of the findings.  

These findings are consistent with the findings of previous 

studies, including that of Maggiore et al. which demonstrated that 

electrolyte imbalance is associated with worse outcomes in critically 

ill patients [13], while other investigators have highlighted 

electrolyte disturbances as important prognostic markers [14]. 

The study has several strengths, including its prospective 

design, systematic electrolyte monitoring, and incorporation of 

temporal analysis. However, certain limitations should be 

acknowledged. The relatively small sample size may limit the 

precision of effect estimates and the generalizability of findings. In 

addition, the study was conducted in a single center, which may 

reflect local practice patterns.  

Despite these limitations, the findings provide clinically 

meaningful insights. The early occurrence of electrolyte 

disturbances, their strong association with injury severity, and their 

independent relationship with mortality collectively emphasize the 

importance of routine and timely electrolyte monitoring in patients 

with traumatic brain injury. 

5. Conclusion 

Electrolyte disturbances are common during the acute management 

of traumatic brain injury and predominantly occur within the early 

post-injury period. This study demonstrates that abnormalities in 

plasma sodium and potassium levels are not only frequent but are 

also significantly associated with injury severity and mortality. 

The finding that most disturbances develop within the first 

five days following injury highlights a critical window during which 

patients are particularly vulnerable to secondary physiological 

insults. The strong and independent association between electrolyte 

derangement and mortality further underscores their clinical 

relevance as both markers of disease severity and potential 

contributors to adverse outcomes. 

These observations emphasize the need for routine and 

vigilant electrolyte monitoring in patients with traumatic brain 

injury, particularly during the early phase of hospitalization. Prompt 

recognition and appropriate correction of electrolyte abnormalities 

may represent a simple yet important strategy for mitigating 

secondary brain injury and improving overall patient outcomes. 
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