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Abstract

Traumatic brain injuries constitute a direct injury to the central nervous system. The presenta-
tion depends on the location, type, and severity of the injury. Fluid and electrolyte imbalance are 
common after traumatic brain injury and may manifest as abnormalities in sodium, potassium, 
chloride, and calcium levels. Changes in serum sodium levels are the most common and criti-
cal electrolyte abnormality. Plasma sodium concentration is a primary determinant of plasma 
osmolality and is regulated by the secretion of antidiuretic hormone or arginine vasopressin, 
followed by a sensation of thirst. For decades, disturbances in salt and water balance due to im-
paired secretion of arginine vasopressin have been observed after traumatic brain injury. This 
occurrence can manifest as arginine vasopressin deficiency, formerly called central diabetes in-
sipidus, leading to hypernatremia, or arginine vasopressin excess, leading to the syndrome of in-
appropriate antidiuretic hormone secretion and hyponatremia. Dysnatremia is associated with 
an increased risk of secondary brain injury due to the resulting changes in brain fluid levels, as 
well as greater morbidity, and longer hospital stays. Posterior pituitary dysfunction following 
traumatic brain injury, including alterations in arginine vasopressin release and dysnatremia, 
most commonly occurs in the acute phase, as it is often transient, and resolves in most patients 
after recovery from the initial injury. Most importantly, in both hypo and hypernatremia, early 
detection and prompt appropriate treatment often save lives.
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Introduction

Traumatic brain injury is one of the most common causes of death among individuals between 
the of 1 to 35 years that leads to various disabilities with a high socioeconomic burden. The total 
incidence of traumatic injuries is estimated to be 538.3 per 100,000 population (1).

Traumatic brain injury is classified into primary and secondary injuries. The usual mechanisms of 
primary traumatic brain injury include direct impact, rapid acceleration/deceleration, penetrat-
ing injury, and blast-related injury. Although these mechanisms are heterogeneous, their  com-
mon trait is externally applied mechanical forces to the brain. The resulting trauma includes focal 
cerebral contusions, hematomas, and diffuse axonal lesion, all of which are associated with cere-
bral edema. Secondary brain injury develops as a result of complex molecular mechanisms initi-
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ated at the time of the primary trauma and evolve over hours or days. Some of these mechanisms 
include excessive glutamate-mediated stimulation, free radical-induced cell membrane damage, 
mitochondrial dysfunction, damage to the vascular wall, inflammatory reactions, apoptosis, is-
chemia due to vasospasm, local microcirculatory occlusion, and electrolyte abnormalities (2,3).

Serum electrolyte imbalances in patients with traumatic brain injury are considered preventable 
secondary complications. They may result directly from brain injury, iatrogenic factors, or other 
coexisting conditions such as renal insufficiency, cirrhosis, and congestive heart failure (4,5). 
The risk of electrolyte imbalance in patients with traumatic brain injury depends on the severity 
of the injury, the presence or absence of comorbidities, the patient’s age, and the initial treatment 
strategies, such as adequate choice of fluids for resuscitation, administration of mannitol or diu-
retics and hyperventilation (6). Early recognition of serum electrolyte disturbances may reduce 
mortality and morbidity rates associated with primary and secondary brain trauma. 

The aim of this paper is to present the common serum electrolyte imbalances and their clinical 
manifestations in patients with traumatic brain injury.

Material and methods

In this review article, a comprehensive literature research was performed using PubMed and 
Google Scholar databases. The following key words or medical subject headings were used: 
“traumatic brain injury”, “water-electrolyte imbalance”, “diabetes insipidus”, “SIADH”, “CSWS”. 
The most relevant and recent literature,  was analyzed and summarized.

Discussion

Patients with traumatic brain injury frequently develop electrolyte imbalances that may manifest 
as abnormalities in the levels of sodium, potassium, chloride, and calcium. Among these, serum 
sodium disorders are the most common and clinically significant electrolyte abnormalities (7).

Serum sodium concentration is the principal determinant of plasma osmolality, and is main-
tained in a close physiological range by central osmoregulation through the secretion of antidi-
uretic hormone or arginine vasopressin (AVP) and thirst mechanisms. Arginine vasopressin is 
released in response to increased plasma osmolality (8). Traumatic brain injury is defined as any 
brain injury caused by an external force and can lead to dysfunction of hypothalamic-pituitary 
axis. 

By examining autopsy samples after fatal head injury, Kibayashi et al. identified infarction or 
hemorrhage of the pituitary gland in 40.9% of cases, as well as hypothalamic infarction (9). The 
supraoptic and paraventricular nuclei were most commonly affected sites of injury, leading to 
denervation of the posterior hypophysis and impaired arginine vasopressin release (9,10). For 
decades, salt and water imbalance due to altered secretion of arginine vasopressin have been ob-
served following traumatic brain injury, and they may manifest as arginine vasopressin deficien-
cy (formerly known as central diabetes insipidus). It leads to hypernatremia, or excess arginine 
vasopressin, resulting in the syndrome of inappropriate diuresis (SAID) and hyponatremia (11). 
Dysfunction of the posterior hypophysis most often occurs after acute traumatic brain injury 
and resolves in the majority of cases (12).
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The pattern of water-electrolyte and endocrine abnormalities after brain trauma vary depending 
on the site of the injury. Hypothalamic injury may cause anterior hypopituitarism, diabetes in-
sipidus, or inappropriate secretion of antidiuretic hormone (13). Damage to the posterior hypo-
physis alone does not usually lead to permanent diabetes insipidus, as ADH synthesized in the 
hypothalamic nuclei may still be found into the peripheral circulation. After transection of the 
pituitary stalk, a three-phase response has been described (initially DI, followed a few days later 
by transient SIADH and later recurrence of DI, either transient or permanent) (14).

Post-traumatic Diabetes Insipidus

Diabetes insipidus (DI) is a hormonal disorder caused by reduced secretion or impaired action 
of antidiuretic hormone (ADH, vasopressin). It is classified into central and nephrogenic diabe-
tes insipidus. Central diabetes insipidus occurs following damages to vasopressinergic neurons 
due to trauma, neoplasms, neurosurgical procedures, or autoimmune inflammations that in-
volve neurons secreting vasopressin (15).

Diabetes insipidus is a rare disorder with a prevalence of 1 per 25,000 individuals considering all 
causes. However, its incidence reaches up to 20% in patients with moderate or severe traumatic 
brain injury. The onset of diabetes insipidus is associated with brain death, and is present in 80% 
of brain-dead patients (16). No clear age or sex predisposition has been identified. It is notewor-
thy that post-traumatic diabetes insipidus may persist from several days to several weeks and is 
associated with high mortality rates (57%-69%), particularly when it develops very early after 
traumatic injury (86%-90%) (17).

Many reports confirm diabetes insipidus, often diagnosed according to the criteria proposed 
by Seckl and Dunger (polyuria >3l, urine osmolality below 300 mOsm/kg, hypernatremia >145 
mmol/L) (18).

 Patients with DI lose the ability to concentrate urine and excrete large volumes of dilute urine 
(polyuria) resulting in polydipsia. Predominant manifestations of diabetes include hypotonic 
polyuria with diuresis exceeding 50 mL/kg within 24 hours and polydipsia with fluid intake 
greater than 3 L/day. Most patients with diabetes insipidus are in a poor health condition and 
frequently have impaired consciousness (due to the direct traumatic effect, cerebral edema, in-
tracranial hemorrhage or sedative medications used in intensive care units) on their admission 
to the intensive care unit. They may be unable to express their feeling of thirst or to maintain 
adequate oral intake. In such cases, the excessive volume of inadequately dilute urine output 
and hypernatremia are key indicators for establishing the diagnosis. Inadequate fluid intake 
combined with rapid renal water loss may lead to severe dehydration and hypovolemic hyper-
natremia (with hypotension and reduced cerebral perfusion pressure) (19).

 The diagnosis of PTDI is not always simple. Patients in intensive care units often require inter-
ventions such as shock management, blood product transfusion, and volume correction, as well 
as treatment of the increased intracranial pressure with hyperosmolar substances or barbiturate 
administration. These therapeutic procedures may impact the diagnosis of DI.

 Once polyuria is identified, it is necessary to exclude other causes of large urine output (often en-
countered in patients with trauma as a result of hypercatabolic condition and medications), adminis-
tration of hyperosmolar agents (e.g., mannitol or hypertonic saline solution), or diuretic therapy (20).



12

 However, to confirm the diagnosis of DI, we must include a 24-hour urine collection with urine 
volume measurement, urine and plasma osmolality, as well as serum sodium concentration, and 
copeptin levels. Plasma osmolality > 280 mOsm/kg and sodium levels > 147 mEq/L support the 
diagnosis of diabetes insipidus. The water deprivation test has been used as a standard method 
for diagnosing DI for years, although its diagnostic accuracy is approximately 70%. Following 
the water deprivation test no increased ADH release has been identified, and hypotonic urine 
continues to be excreted. For definitive diagnosis of diabetes insipidus, additional tests may be 
necessary, such as hypertonic saline infusion or arginine stimulation testing.  The hypertonic 
physiological solution test can be used for differentiation between patients with primary poly-
dipsia and patients with central diabetes insipidus, with 93% sensitivity and 100% specificity. 
This test is performed by infusing 250 mL 3% hypertonic physiological saline within 15 min-
utes, followed by copeptin and sodium level measurements every 30 minutes. The infusion is 
stopped once the plasma sodium concentration reaches ≥147–150 mmol/L, at which point the 
final copeptin sample is taken, while a value above 4.9 pmol/L indicates a condition of prima-
ry polydipsia (PP). Regarding the arginine test, if the copeptin serum is <3.8 pmol/L after a 
60-minute arginine infusion, then the diagnosis is central diabetes insipidus. Intravenous infu-
sion of arginine demonstrated a diagnostic accuracy of 93% in differentiating CDI from PP. In 
situations where it is necessary to make a distinction between central and nephrogenic diabetes 
insipidus, copeptin values   ≤ 4.9 pmol/L are specific for central diabetes insipidus, while levels 
≥ 21.4 pmol/L indicate nephrogenic diabetes insipidus. Also, m agnetic resonance (MRI) has 
been applied as diagnostic tool. Pituitary stalk hematoma or loss of the posterior pituitary bright 
signal on T1-weighted scans is occasionally observed An ectopic bright spot in cases with stalk 
transection has been rarely described. In some cases, cerebral CT/MRI do not show any ab-
normal findings, meaning that a certain hypoxic damage or diffuse axonal injury has occurred 
(21,22). 

Treatmen t of patients with diabetes insipidus in intensive care units follows the same general in-
tensive care principles as for the other critically ill patients, including careful monitoring of vital 
signs, blood pressure, pulse, diuresis, cerebral perfusion pressure, intracranial pressure, GCS, 
oxygenation status, hydration status, standard laboratory parameters, urine specific weight, 
plasma and urine osmolality, and serum sodium levels monitoring (23,24). 

After diagnosing DI, the initial approach aims to avoid dehydration by fluids compensation (re-
lated  to negative outcome in patients with acute injury to the head) (25). In conscious patients, 
with preserved thirst mechanisms and good general physical condition, oral fluid intake may 
adequately compensate for renal water losses. In patients with impaired consciousness, which 
is most commonly seen in patients in intensive care units with associated neurological deficit, 
dysphagia or changes in the thirst mechanism, or hypotonic polyuria may rapidly lead to hy-
povolemia and hypernatremia. Initially, hypovolemia should be managed by intravenous fluids’ 
administration , while evaluation of the volume status is mandatory. Five percent dextrose solu-
tion is recommended for free water replacement (26).

Fluid co rrection must be made with close clinical monitoring and CVP measurement to avoid 
both under-resuscitation (related to hypovolemia and reduced CPP) or over-resuscitation (that 
can exacerbate cerebral edema, increase intracranial pressure and may cause lung edema). The 
free water deficit may be calculated using the following formula:

(0.6[weight in kilograms])x(serum sodium-140):140=body water deficit (in liters) (27).
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With flu id correction, serum sodium levels would be reduced. In cases of severe hypernatremia 
(>150 mmol/L), the correction should be carefully managed as the brain tissue is too sensitive 
to rapid osmotic changes that lead to aggravation of cerebral edema. The recommended rate 
of sodium reduction should not exceed 0.5 mmol/h or 10-12 mmol/L/24 hours. The treatment 
should include hormone substitution with desmopressin, particularly in patients with urine 
output exceeding >250 mL/hour (28,29). 

Desmopressin is the treatment of choice for central diabetes insipidus and may be administered 
orally, intranasally, subcutaneously, or intravenously. Oral doses of desmopressin range from 
0.05 mg to 0.8 mg (in divided doses) daily. The oral form is weaker than the nasal one since only 
5% is reabsorbed by the intestines. Intranasal dosing typically ranges from 10 mcg to 20 mcg 
per day. Intravenous or subcutaneous administration is used for acute diabetes insipidus (30).

Syndrome of Inappropriate Antidiuretic Hormone  
Secretion (SIADH)

Syndrome of inappropriate antidiuretic hormone secretion (SIADH) is a condition charac-
terized by excessive release or action of antidiuretic hormone (ADH), which results in water 
retention and subsequent hyponatremia. SIADH is associated with various etiologies, and is 
most commonly combined with malignant lung  tumors, surgical interventions, medications 
and central nervous system disorders. Traumatic brain injury is the cause of approximately 2.5% 
of SIADH cases (31). This disorder usually originates from injuries to the osmoreceptors or 
volume receptors of the hypothalamus and hypophysis, where ADH is produced and secreted. 
However, it may also result from changes in the renal tubules, specifically the collecting ducts, 
and their inappropriate reaction to ADH (32). Regarding traumatic brain injury, basically, there 
are limited data related to specific injury sites associated with SIADH and the mechanisms of its 
onset (33).

It is estimated that in 33% of patients with traumatic brain injury, hyponatremia and SIADH 
develop. The clinical presentation of SIADH in patients with TBI depends on the type of trauma 
and Na+ concentration. According to the study by Moro et al., the incidence of SIADH varies 
depending on the type of injury, where 47.9% of patients had cerebral contusions, 34.8% had 
acute subdural hematomas, 25% had acute epidural hematomas and 15.9% had chronic sub-
dural hematomas (34). The majority of hyponatremia cases occur within the first four to ten 
days after injury, however, rare cases of persistent hyponatremia lasting for years have also been 
reported (35).

With regards to hyponatremia, the severity of symptoms correlates with the rapidity of its onset 
and its severity. As hyponatremia develops, all cells absorb water causing cellular swelling. This 
process is problematic to the brain, which is enclosed within an inextensible skull. Astrocytes 
are especially sensitive to osmotic stress, although the excretion of potassium and other elec-
trolytes within 6 to 12 hours and organic osmolytes, including glutamine and taurine within 24 
to 48 hours, reduce the content of cellular soluble substances and help in diminishing edema in 
case of hyponatremia. Taking into consideration the time course, acute hyponatremia is defined 
as a condition in which hyponatremia develops within 48 hours, whereas chronic hyponatremia 
persists for a longer period and develops in the majority of cases.  In severe hyponatremia, Na+ 
<125 mEq/L, which develops within less than 48 hours, and water absorption in the brain over-
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whelm compensatory mechanisms, therefore, symptoms are primarily neurological and pro-
gress to mild clinical presentation involving nausea, vomiting, lethargy, headaches, confusion 
and muscle spasms. Severe complications of acute deep hyponatremia involve cerebral edema, 
seizures, coma, brainstem herniation, and neurogenic pulmonary edema. It is considered that 
long-term hyponatremia may be symptomatic if severe, although many patients with chronic 
mild to moderate hyponatremia remain asymptomatic (36).

The diagnosis of SIADH is based on clinical signs and symptoms and laboratory findings. Lab-
oratory findings include low serum sodium levels (<135 mEq/L), low plasma osmolality (<275 
mOsm/L), increased urine sodium levels (>25 mEq/L), and increased urine osmolality (greater 
than serum osmolality) (37).

Osmotic demyelination syndrome (ODS) is associated with rapid correction of hyponatremia. 
In patients with acute hyponatremia, it develops within 24 to 48 hours, and in patients with in-
itial sodium [Na+] levels >125 mEq/L, treatment is not associated with osmotic demyelination 
syndrome. On the other hand, chronic hypotonic hyponatremia and [Na+] serum levels of <105 
mEq/L represent major risk factors for ODS.

In acute hyponatremia, Na+ normalization does not carry a risk of ODS; the correction rate 
does not need to be restricted when hyponatremia duration is less than 48 hours. In chronic 
hyponatremia, [Na+] levels should be increased to prevent the risk of severe complications such 
as seizures or brain herniation while minimizing the risk of ODS. Studies have shown that in 
patients with chronic hyponatremia no post-therapeutic neurological complications occurred 
when [Na+] correction was <12 mEq/L within 24 hours or <18 mEq/L within 48 hours. Also, 
no post-therapeutic neurological symptoms were observed in patients where [Na+] increased to 
<0.55 mEq/L per hour until a sodium concentration of 120 mEq/L was reached (38).

Initially, SIADH is treated by water intake restriction (<1000 mL/24 hours). Practical guidelines 
from Italian Society of Endocrinology (SIE) and U.S. guidelines indicate that urine osmolality 
greater than 500 mOsm/kg is a strong predictor of a poor response to fluid restriction. Accord-
ing to SIE Practice Guidelines, U.S. and British guidelines, the expected effectiveness rate of 
fluid restriction can be estimated using the Furst formula, which calculates the ratio of the sum 
of urine potassium and sodium concentrations to serum sodium concentration. A ratio >1 re-
quires the need for strict water restriction (<500mL/d), and at the same time, predicts treatment 
failure of fluid and water restriction alone, leading to worsening hyponatremia (39,40,41).

Fluid restriction alone is not efficient in many cases of SIADH where the underlying cause per-
sists. 

Sodium supplementation using intravenous sodium chloride is another therapeutic option. Flu-
ids of varying tonicity (isotonic saline, 3% physiological solution) can be used in the treatment 
of different types of hyponatremia. Which fluid would be selected depends on the etiology, 
severity of hyponatremia, and the presence of symptoms. In general, isotonic solution is used in 
treatment of hypovolemic hyponatremia. In some cases of severe hyponatremia (serum sodium 
<120 mEq/l), hypertonic saline is needed. Patients with acute severe hyponatremia are treated 
with a rapid increase in serum sodium level of 4-6 mmol/l within 4 hours, which results in re-
ducing intracranial pressure and managing herniation in approximately 50% per hour. In prac-
tice, this can be achieved by administering a 100 ml bolus of 3% physiological solution over 15 
minutes, which may be repeated up to three times. In patients with mild or moderate symptoms, 
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infusion of 3% physiological solution at a rate of 0.5–2 ml/kg/h is the initial approach, with fre-
quent measurements of serum sodium levels (42).

Two pharmacological treatment options for hyponatremia, vaptans and urea osmotic agent, de-
serve a more detailed discussion. Conivaptan is a non-selective inhibitor of vasopressin V1 and 
V2 receptors, whereas tolvaptan selectively inhibits V2. The results of placebo-controlled ran-
domized clinical trials showed that conivaptan increased Na+ level by approximately 8 mEq/L 
within several days, and tolvaptan by approximately 5 mEq/L within four days after administra-
tion of an initial dose of 15 mg and titrated up to 60 mg daily. The initial expectation was that, 
given their ability to antagonize the effect of excess vasopressin, they would be more effective 
and consequently, widely used. However, as expected, not a single agent can be used in the 
long-term. Conivaptan is a potent CYP3A4 inhibitor with many drug-drug interactions, and is 
approved by the U.S. Food and Drug Administration only for short-term intravenous use. Long-
term use of tolvaptan is restricted due to concerns related to hepatic damage. In Europe, only 
oral tolvaptan is approved for treatment of SIADH. 

Urea is a long-established and cost-effective alternative to vaptans for the treatment of SIADH. 
It is excreted in urine, increases urinary soluble substances and enhances electrolyte-free water 
clearance. Retrospective studies suggest that administration of 7.5 to 90 g/d urea is associated 
with Na+ level of ~6 mEq/L over 4 to 5 days. Urea therapy is generally not associated with seri-
ous side effects such as overly rapid correction of Na+. 

It is important to emphasize that vaptans or urea should be taken into consideration only in 
patients with euvolemic or hypervolemic hyponatremia with mild to moderate symptoms, and 
not in cases where [Na+] should be rapidly increased. In addition, vaptans should not be used 
in combination with hypertonic saline, according to reported cases associated with ODS (43).

Demeclocycline, an antibiotic drug (600-1200 mg/day), and lithium carbonate, an antidepres-
sant (600-900 mg/day) can cause nephrogenic diabetes insipidus, and this effect has historically 
been used in the treatment of hyponatremia in SIADH. Also, loop diuretics may be used for 
treatment of SIADH to increase water excretion (44).

A personalized treatment approach to SIADH based on the severity of hyponatremia, symptoms 
and individual patient risk factors are of crucial significance to ensure safe and efficient treat-
ment.

Cerebral Salt Wasting Syndrome CSWS

Cerebral salt wasting syndrome (CSWS) is characterized by hyponatremia caused by renal so-
dium wasting, with decreased extracellular fluid volume as the key distinguishing feature from 
similar conditions. CSWS was first described by Peters et al. in 1950. Together with the syn-
drome of inappropriate antidiuretic hormone (SIADH), CSWS represents one of the most com-
mon causes of hyponatremia in neurologic patients. Some authors define CSWS as a subtype of 
SIADH. To ensure appropriate treatment, it is of crucial importance to make accurate differen-
tiation between these two disorders. Evaluating volemia is an important clinical characteristic 
that helps in distinguishing between the two syndromes. CSWS is a hypovolemic hyponatremia, 
induced by increased natriuresis and diuresis (45) (Table 1) (46).



16

Table 1. Differences in clinical manifestation between SIADH and CSWS

Clinical Feature SIADH CSWS

Central venous pressure Normal or increased Decreased

Orthostatic hypotension Absent Present

 Body weight Increased Decreased

Fluid balance Positive Negative

 Plasma volume Increased Decreased

Any form of cerebral aggression has the potential to lead to a hypernatremia syndrome. In most 
cases, CSWS is associated with subarachnoid hemorrhages (SAH); however, it has also been 
observed in neurological and meningeal tuberculous infections, as well as postoperative com-
plications following tumor resection (47). CSW syndrome has been reported in patients with 
severe traumatic brain injury, most frequently resulting from road traffic accidents, but also 
injuries caused by firearms. Several theories have been proposed to explain the causality of sodi-
um wasting in CSWS. One of the current theories suggests reduced sympathetic stimulation of 
juxtaglomerular apparatus, which leads to decreased reabsorption of sodium, urates and water. 
In addition, it is associated with reduced secretion of renin and aldosterone (47,48). Another 
theory proposes elevated levels of brain natriuretic peptide (BNP) and atrial natriuretic peptide 
(ANP) in patients with SAH, resulting in renal sodium and water loss (47).

The diagnosis is based on clinical manifestations (Table 1) and biochemical analyses.

Biochemical criteria for CSWS are: low or normal serum sodium levels, elevated or normal 
serum osmolality, increased or normal urine osmolality, elevated hematocrit, urea, bicarbonate 
and albumin levels as a consequence of hypovolemia.

However, these criteria are often inconclusive. In CSWS, the total daily urinary sodium excre-
tion exceeds sodium intake. 

Additional parameters contributing to establishing the diagnosis of CSWS, and differentiating 
it from SIADH include monitoring the fractional excretion of uric acid and fractional excretion 
of phosphates. Fractional excretion of uric acid (FEUA) exceeds 10% in both syndromes. After 
hyponatremia correction in patients with SIADH, it decreases, but in patients with CSWS it re-
mains high. Fractional excretion of phosphate (FEP) is normal (<10%) in patients with SIADH 
and increased (>20%) in patients with CSWS, making it a useful criterion for differentiation 
between these pathological conditions (45).

Treatment of CSWS consists of correcting hypovolemia and hyponatremia. First-line therapy 
includes hydration with saline solutions, either isotonic or hypertonic, depending on the se-
verity of the symptoms. Sodium supplementation should be gradual, avoiding an increase in 
sodium of more than 10 mmol/L within the first 24 hours (47). Other drugs studied in cases 
of neurocritical hyponatremia are fludrocortisone at doses of 0.1 to 0.4 mg, which has a direct 
effect on the proximal renal tubules, enhancing sodium reabsorption (47,49,50). If hypotha-
lamic-pituitary region is affected, refractory polyuria may occur, and treatment with 1-deami-
no-8-D-arginine vasopressin (DDAVP) can be useful. However, its use remains controversial, as 
it may reduce urine volume, while simultaneously increasing production of natriuretic peptide, 
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thereby worsening hyponatremia (51,52).

Regarding other electrolyte disturbances, it has to be stressed that hyperkalemia has been report-
ed in 17.77% of patients with traumatic brain injury, with a prevalence of 29% within the first 12 
hours after admission. It is considered to be the result of catecholamine release, blood product 
transfusions, and pharmacologic agents such as succinylcholine, acidosis and tissue ischemia. 
In contrast, hypokalemia typically occurs immediately after injury and reaches its peak during 
the first few days, primarily due to potassium shifts induced by catecholamines, renal potassium 
loss, fluid deficit, and hyponatremia. Disturbances in calcium and chloride levels are also impor-
tant in patients with traumatic brain injury. Hypercalcemia frequently occurs as a consequence 
of prolonged immobility or hyperparathyroidism. Hypocalcemia may develop during massive 
transfusions and is associated with severe coagulopathy and higher mortality. Hyperchloremia 
may develop acutely during the first days following TBI, which coincides with the phase of 
hyperemia characterized by increased cerebral blood flow and reduced arterio-jugular venous 
oxygen differences. Hypochloremia, as well as the other electrolyte abnormalities, has also been 
observed in patients with severe TBI and is associated with increased mortality (53).

Conclusion

Electrolyte disturbances are common in patients with traumatic brain injury. They are impor-
tant but correctable causes of neurologic deterioration. Imbalance in sodium levels show the 
highest incidence, and electrolyte abnormalities usually occur in the first days after the injury. 
Their early identification and appropriate management, as well as timely treatment, not only 
improve patient neurological status, but also reduce morbidity, mortality and socioeconomic 
losses in the country.
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