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Abstract: Electrolyte disturbances are common in patients with traumatic brain injury (TBI), 

particularly affecting sodium, potassium, chloride and calcium levels. This study aims to provide 

insights into these disturbances within the first 24 hours post-injury. We conducted a cross-sectional 

analysis of 50 TBI patients, excluding those with conditions affecting electrolyte balance. Electrolyte 

levels were measured, and correlations with demographic data, trauma mechanisms, imaging 

findings, and Glasgow Coma Scale (GCS) scores were analyzed. Results indicated that chloride 

levels inversely correlated with GCS scores (ρ = -0.515; p = 0.002), suggesting that elevated chloride 

may indicate severe neurological impairment. Potassium levels were significantly associated with 

subdural hematoma (p = 0.032) and subarachnoid hemorrhage (p = 0.043), highlighting their 

potential as markers for severe brain injuries. No significant associations were found between 

sodium or calcium levels and the studied variables. These findings underscore the importance of 

early monitoring of chloride and potassium levels in TBI patients to improve management and 

outcomes. Future research should focus on larger, multi-center studies to validate these findings 

and develop comprehensive guidelines for managing electrolyte imbalances in TBI patients. 

Keywords: traumatic brain injury; electrolytes; early monitoring; Glasgow Coma Scale; chloride; 

potassium 

 

1. Introduction 

Patients with traumatic brain injury (TBI) commonly experience electrolyte disturbances, which 

can present as abnormalities in sodium, potassium, chloride and calcium levels, among others. 

Changes in serum sodium levels are the most common and critical electrolyte abnormality, with both 

hyponatremia and hypernatremia being possible manifestations [1]. Hypernatremia, affecting 16% to 

40% of TBI patients, typically manifests within the initial days post-injury due to factors like diabetes 

insipidus, hyperosmolar therapy, dehydration, and iatrogenic causes, and is associated with higher 

mortality and longer hospital stays [2–4]. Hyponatremia, affecting about 13.2% of TBI patients, often 

arises from the syndrome of inappropriate antidiuretic hormone secretion, or cerebral salt-wasting 

syndrome within the first week, with higher risk linked to severe injury, low Glasgow Coma Scale 

(GCS) scores, cerebral edema, or basal skull fractures [5–9].  

Hyperkalemia affects 17.77% of TBI patients and often arises during the initial resuscitative 

period, with a period prevalence of 29% within the first 12 hours after admission in patients with 

non-crush trauma [1,10]. This condition may follow an initial phase of hypokalemia and primarily 

results from catecholamine release, blood product transfusions, pharmacological agents such as 
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succinylcholine, acidosis, and tissue ischemia [11–13]. Hypokalemia usually appears immediately 

after injury and peaks within the first few days, primarily resulting from catecholamine-induced 

potassium shifts, renal potassium loss, fluid deficits, and hypothermia. Younger patients and those 

with severe injuries are especially vulnerable, facing additional complications and increased 

mortality [11,13–16]. 

Calcium and chloride disturbances are also significant in TBI. Hypercalcemia can result from 

prolonged immobility or worsen with underlying hyperparathyroidism [17,18]. Hypocalcemia, 

common early post-injury and exacerbated by transfusions, is linked to severe coagulopathy and 

higher mortality, requiring careful management [19–21]. Hyperchloremia can develop acutely within 

the initial days post-TBI, coinciding with the hyperemia phase (days 1-3) marked by increased 

cerebral blood flow and decreased arterio-jugular venous oxygen differences [22,23]. Hypochloremia 

has also been proved to occur in severe TBI cases and appears to be associated with increased 

mortality [24]. 

Electrolyte changes are crucial when treating patients with TBI. Although some studies have 

focused on these changes and the mechanisms through which they occur, there is a notable lack of 

data regarding changes within the first 24 hours post-injury. Our study aims to provide essential 

information on this aspect, contributing to the scientific knowledge that can enhance the treatment 

and outcomes for these patients. 

2. Materials and Methods 

This cross-sectional study involved 50 patients admitted for TBI at the Emergency Hospital 

“Prof. Dr. Nicolae Oblu” in Iași. Patients with a history of diabetes mellitus, thyroid or adrenal 

dysfunctions, recent trauma (within the last six months), or disorders/injuries of the hypothalamus 

or pituitary gland were excluded. Exclusion criteria further encompassed underage, pregnant 

patients, and those with severe anemia defined by hemoglobin levels under 8 g/dL. 

Data on electrolyte levels (sodium, potassium, ionized calcium, chloride) within the first 24 

hours post-admission were collected from medical charts. All blood samples were processed 

identically in the laboratory of the Emergency Hospital “Prof. Dr. Nicolae Oblu” using standard 

procedures. Normal electrolyte levels, as defined by the hospital’s laboratory, are 136–145 mmol/L 

for sodium, 3.5–5.1 mmol/L for potassium, 1.15–1.33 mmol/L for ionized calcium, and 98–107 mmol/L 

for chloride. Additional data, including demographic details, trauma mechanism, GCS scores, 

imaging results, and surgical needs, were extracted from medical records. Trauma mechanisms were 

categorized as unknown, falls from the same level, falls from a height, traffic accidents, aggression, 

and others. Imaging findings were assessed for basal skull fractures, other skull fractures, subdural 

hematomas, epidural hematomas, subarachnoid hemorrhages, cerebral hemorrhages, and diffuse 

axonal injury. TBI severity was categorized by GCS scores: mild (GCS 13-15), moderate (GCS 9-12), 

and severe (GCS 3-8). 

Copeptin and antidiuretic hormone (ADH) levels were measured once for each patient at 

varying intervals from the time of injury up to 30 days post-trauma (Figure 1). Blood samples were 

collected using BD Vacutainer® CAT tubes and processed at Praxis Medical Laboratory Iași. Samples 

were centrifuged (1,000 x g for 20 minutes) and stored according to protocol until all participants 

were enrolled, after which assays were performed. ADH and copeptin levels in serum were measured 

using sandwich enzyme immunoassay kits. 

Statistical analyses were conducted using IBM SPSS Statistics for Windows, Version 26.0 

(Armonk, NY: IBM Corp). To identify associations between variables, Pearson and Spearman 

correlation coefficients, One-Way ANOVA, Mann-Whitney U test, Q-Q Plot, and Shapiro-Wilk test 

were utilized, with significance set at p < 0.05. The study received ethical approval from the local 

committees of the Emergency Hospital “Prof. Dr. Nicolae Oblu” Iași (4281/10.03.2020) and “Grigore 

T. Popa” University of Medicine and Pharmacy Iași (14/5.10.2020). 
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Figure 1. Number of days following the traumatic event at which blood samples for copeptin and 

ADH were collected. 

3. Results 

Among the 50 patients included in the study, 43 (86%) were male and 7 (14%) were female, with 

a mean age of 51.48 years, ranging from 18 to 86 years. Figure 2 provides a summary of the key 

characteristics of the study population. 

The mean levels of electrolytes were as follows: sodium was 138.5 mmol/L (median = 139.6 

mmol/L, range = 113.6 – 145.7 mmol/L), potassium was 3.90 mmol/L (median = 3.88 mmol/L, range = 

2.90 – 5.10 mmol/L), ionized calcium was 1.03 mmol/L (median = 1.04 mmol/L, range = 0.84 – 1.21 

mmol/L), and chloride was 104.53 mmol/L (median = 105.4 mmol/L, range = 80.3 – 114.5 mmol/L). 

The Shapiro-Wilk test and Q-Q Plots confirmed a normal distribution for all these electrolytes (Figure 

3). The median values show that, except for chloride, the electrolyte levels tended to be at the lower 

end of the normal range. Pearson correlation analysis revealed no significant correlation between 

electrolyte levels and geographic area for sodium (p = 0.675; urban mean = 138.1 mmol/L, rural mean 

= 138.8 mmol/L), potassium (p = 0.910; urban mean = 3.91 mmol/L, rural mean = 3.90 mmol/L), ionized 

calcium (p = 0.914; urban mean = 1.04 mmol/L, rural mean = 1.03 mmol/L), and chloride (p = 0.170; 

urban mean = 103.10 mmol/L, rural mean = 106.06 mmol/L). 

No significant association was found between sex and sodium levels (p = 0.675, mean for males 

= 138.52 mmol/L, mean for females = 138.54 mmol/L), ionized calcium levels (p = 0.914, mean for 

males = 1.03 mmol/L, mean for females = 1.04 mmol/L), or chloride levels (p = 0.407, mean for males 

= 104.15 mmol/L, mean for females = 106.65 mmol/L). However, Pearson analysis showed a possible 

correlation between sex and potassium levels in our study group (p= 0.016, mean for males = 3.985, 

mean for females = 3.511 mmol/L). One-Way ANOVA revealed no significant association between 

the mechanism of trauma and electrolyte levels for sodium (F = 1.267, p = 0.343), potassium (F = 0.291, 

p = 0.915), ionized calcium (F = 0.275, p = 0.924), and chloride (F = 1.356, p = 0.272). Possible 

correlations between electrolyte levels and GCS scores were analyzed using the Spearman test, which 

showed no significant results for sodium (p = 0.054), potassium (p = 0.985), and ionized calcium (p = 

0.738), whereas a correlation was found for chloride levels (ρ = -0.515; p = 0.002). No correlation was 

found between copeptin or ADH levels and sodium (p = 0.565 and 0.966), potassium (p = 0.210 and 

0.520), calcium (p = 0.177 and 0.055), or chloride (p = 0.311 and 0.622). 

Electrolyte levels were also not significantly associated with the need for surgery (p = 0.126 for 

sodium, p = 0.075 for potassium, p = 0.732 for ionized calcium, and p = 0.087 for chloride). 

Furthermore, Pearson analysis indicated no significant correlation between electrolyte levels and the 

presence of isolated head trauma (p = 0.322 for sodium, p = 0.507 for potassium, p = 0.998 for ionized 

calcium, and p = 0.205 for chloride). 
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Figure 2. The key characteristics of the study population are represented in these pie charts, showing 

sex and geographical distributions, mechanisms of trauma, the need for surgical intervention, 

imaging findings, and severity of TBI. The data indicates a male majority, an almost equal urban-rural 

split, and a high occurrence of severe injuries such as subarachnoid hemorrhage and intracerebral 

hemorrhage. 
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Figure 3. Q-Q Plots illustrating the normal distribution of all electrolytes analyzed in the study. 

Regarding imaging findings, the Mann-Whitney U test identified correlations between 

potassium levels and the presence of subdural hematoma (p = 0.032) and subarachnoid hemorrhage 

(p = 0.043) (Figure 4). No other significant correlations were found between potassium levels and 

other imaging findings, nor were the associations between the levels of other electrolytes and the 

imaging findings analyzed in the study (Table 1). 
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Figure 4. Comparison of Mean Rank of Potassium Levels in Patients with and without Subdural 

Hematoma and with and without Subarachnoid Hemorrhage. 

Table 1. Association between Electrolyte Levels and Imaging Findings in Patients with TBI (Mann-

Whitney U Test). 

  Electrolytes (p values) 

  Sodium Potassium Ionized calcium Chloride 

Imaging 

Finding

s 

Basal skull fracture 0.070 0.128 0.946 0.606 

Other skull fractures 0.790 0.213 0.772 0.091 

Subdural hematoma 0.315 0.032 0.375 0.204 

Epidural hematoma 0.490 0.859 0.225 1.000 

Subarachnoid hemorrhage 0.140 0.043 0.849 0.870 

Intracerebral hematoma 0.717 0.322 0.827 0.250 

Diffuse axonal injuries 0.273 0.591 0.263 0.967 

4. Discussion 

Our study presents significant findings on the relationship between electrolyte disturbances and 

TBI within the first 24 hours of admission. Specifically, we discovered an inverse association between 

chloride levels and GCS scores (ρ = -0.515; p = 0.002). This is a notable discovery, as chloride levels 

have not previously been a primary focus in TBI research and may offer new insights into patient 

management. Historically, chloride levels have not been emphasized in TBI studies. However, our 

findings suggest that they may serve as a critical biomarker. Elevated chloride levels could indicate 

a more severe neurological status in TBI patients, thereby requiring close monitoring and possibly 

influencing therapeutic strategies. For instance, a study by Lee et al. found that hyperchloremia is 

linked to poor outcomes and increased mortality in major trauma patients, with hyperchloremia 48 

hours post-admission correlating with 30-day mortality [25]. In contrast, Jahanipour et al. reported 

no association between admission chloride levels and hospital mortality 24 hours later [26]. 

Our research suggests that higher chloride levels correlate with lower GCS scores, potentially 

highlighting the importance of early chloride level monitoring. Several factors may contribute to 

elevated chloride levels in patients with severe TBI. Hyperchloremic metabolic acidosis can result 

from renal tubular acidosis, gastrointestinal losses, or iatrogenic causes [27]. Intravenous fluid 

therapy, particularly the use of normal saline which has a high chloride concentration, is often used 

in large volumes for initial resuscitation in severely injured patients [28]. Acute kidney injury, 

common in severely ill or injured patients, can impair chloride excretion, leading to accumulation 
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[29]. Additionally, certain medications, such as carbonic anhydrase inhibitors, can cause 

hyperchloremia by reducing bicarbonate reabsorption in the kidneys [30]. 

Our findings advocate for the routine monitoring of chloride levels in TBI patients from the time 

of admission. Early detection of hyperchloremia could enable timely interventions to address 

underlying causes and prevent potential complications. Careful consideration of fluid types and 

volumes could prove essential in the resuscitation of TBI patients. Alternatives to normal saline or 

strategies to mitigate hyperchloremia should be explored to optimize patient outcomes. Additional 

studies are necessary to explore the precise impact of chloride levels on TBI outcomes and to establish 

evidence-based guidelines for the management of electrolyte disturbances in these patients. 

Our study found significant correlations between potassium levels and the presence of subdural 

hematoma and subarachnoid hemorrhage, suggesting that potassium imbalances could be indicative 

of more severe brain injuries. However, no significant correlations were found between imaging 

findings and sodium, ionized calcium, or chloride levels. This could indicate that while potassium 

levels may serve as a marker for certain types of brain injury, other electrolytes do not appear to have 

the same predictive value. Patients with subdural hematoma and subarachnoid hemorrhage had 

lower potassium levels compared to those without these conditions. This association has not been 

documented in existing literature. However, lower potassium levels are frequently observed in 

severely traumatized patients. One explanation is that severely injured patients release higher 

quantities of adrenaline and cortisol, which increase renal potassium excretion and result in 

hypokalemia [11]. These patients often require aggressive fluid resuscitation to maintain blood 

pressure and cerebral perfusion. Administering large volumes of potassium-free intravenous fluids 

can dilute serum potassium levels. Additionally, diuretics, such as furosemide or mannitol, 

commonly used to reduce intracranial pressure, can lead to increased renal potassium loss [31,32]. 

Brain injuries can also cause renal dysfunction or inappropriate antidiuretic hormone release, 

resulting in cerebral salt wasting where the kidneys excrete excessive amounts of sodium and 

potassium. Furthermore, associated gastrointestinal disturbances like vomiting or diarrhea in brain 

injury patients can cause significant potassium loss [31,33]. Finally, potassium deficiency is often 

observed in cases of metabolic alkalosis, a condition common in severely injured patients. This 

deficiency can exacerbate the situation by promoting renal hydrogen ion secretion and increasing 

renal ammonium production and excretion [34]. 

Potassium and potassium-channels have been shown to play an important role in subarachnoid 

hemorrhage and subdural hematoma. An animal study conducted by Chen et al. on rats 

demonstrated that activating large-conductance calcium-activated potassium channels in cerebral 

arteries could help alleviate spastic constriction [35]. Other studies have shown that subarachnoid 

hemorrhage -induced membrane potential depolarization, involving disrupted potassium 

homeostasis, leads to increased activity of voltage-dependent calcium channels, elevated smooth 

muscle cytosolic calcium levels, and subsequent parenchymal arteriolar constriction [36]. 

Experiments on small-conductance calcium-activated potassium channels have shown that blockers 

of KCa3.1 can reduce infarct volume in a rat subdural hematoma model. These findings suggest that 

potassium channels could become therapeutic targets for treating traumatic and potentially ischemic 

brain injury [37]. Additionally, there is significant evidence indicating that the mitochondrial ATP-

dependent potassium channel plays a crucial role in the neuroprotective effects of cerebral 

preconditioning in a rat model of acute subdural hematoma [38]. These insights underscore the 

importance of potassium and maintaining its normal levels. They also highlight the intricate 

molecular mechanisms at play and the necessity of further investigation to understand why subdural 

hematoma and subarachnoid hemorrhage are associated with lower potassium levels, unlike other 

types of brain injuries.  

Our study revealed no significant association between sex and sodium, ionized calcium, or 

chloride levels in patients with TBI. However, a significant correlation was found between sex and 

potassium levels, with males exhibiting higher levels compared to females (p=0.016, mean for males 

= 3.985 mmol/L, mean for females = 3.511 mmol/L). This finding may be influenced by several 

physiological factors. Firstly, differences in sex hormones, such as testosterone and estrogen, play a 
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crucial role in potassium regulation, with testosterone potentially contributing to higher potassium 

levels in males. Additionally, males generally have greater muscle mass, which serves as a primary 

reservoir for potassium, thereby explaining the elevated levels observed. Furthermore, lipid 

peroxidation, which is more prominent in males following severe TBI, may also contribute to these 

differences by affecting cell membrane integrity and potassium homeostasis [39]. Our study's limited 

female representation reflects the historical view of TBI as predominantly affecting males, due to their 

higher participation in high-risk activities. This male bias is also prevalent in preclinical research, 

where male animals are often the subjects of basic and translational studies. However, with an aging 

population and increasing female involvement in high-risk activities, the incidence of TBI is 

becoming more sex-independent. Therefore, the importance of recognizing and addressing sex 

differences in TBI responses and outcomes is paramount. Future research should focus on increasing 

female representation in studies and exploring sex-specific mechanisms in TBI to enhance the design 

of clinical trials and treatment strategies [40]. 

One of the strengths of this study is its focus on the first 24 hours post-injury, providing a critical 

time frame for understanding electrolyte changes. The study is limited by its relatively small sample 

size and single-center design, which may limit the generalizability of the result. Future research 

should aim to include larger, multi-center studies to validate our findings and provide a more 

comprehensive understanding of electrolyte imbalances in TBI patients. Longitudinal studies with 

longer follow-up periods would help determine the long-term effects of these imbalances and the 

efficacy of different treatment protocols. 

5. Conclusions 

Our study highlights the importance of monitoring electrolyte levels in TBI patients within the 

first 24 hours post-injury. Elevated chloride levels were inversely related to GCS scores, suggesting 

that chloride could serve as a biomarker for severe neurological impairment. Additionally, lower 

potassium levels were associated with subdural hematoma and subarachnoid hemorrhage, 

indicating the potential severity of these injuries. Routine early monitoring of chloride and potassium 

levels can improve patient management and outcomes. Further research with larger, multi-center 

studies is necessary to validate these findings and develop evidence-based guidelines for managing 

electrolyte imbalances in TBI patients. Understanding the role of electrolytes in TBI will help enhance 

patient care and improve outcomes. 
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