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Abstract: Traumatic brain injuries (TBI) cause direct central nervous system injury.  The presentation depends 

on the location, the type, and the injury severity.  Additional injury may develop secondary to compression, 

disruption of cerebral perfusion, and changes in sodium levels resulting in either cellular edema or 

dehydration.  Plasma osmolality (Posm) is a critical parameter influenced by solute concentrations, including 

sodium, glucose, and urea, and is a relevant concern when considering sodium levels in these patients. While 

Posm can be calculated using a standard formula, direct measurement via osmometry offers better accuracy. It 

is essential to differentiate between osmolality and tonicity; the latter refers specifically to effective solutes that 

drive water movement in the extracellular fluid. Sodium and its anions are effective solutes, whereas urea and 

glucose have variable effects due to their permeability and insulin dependence. Following TBI, dysregulation 

of osmoregulation may occur and affect neurological outcomes. Osmoreceptors in the brain regulate arginine 

vasopressin secretion in response to changes in effective solute concentrations, with sodium chloride and 

mannitol being potent stimuli. The regulation of plasma osmolality, typically maintained within ±5% of a 280-

295 mOsm/kg H2O range, is crucial for homeostasis and relies on antidiuresis and thirst mechanisms. This 

review underscores the complexities of osmoregulation in the context of TBI and its clinical implications, 

particularly concerning the development of conditions, such as diabetes insipidus, syndrome of inappropriate 

antidiuretic hormone, and abnormal thirst. 

Keywords: traumatic brain injury; blood brain barrier; diabetes insipidus; syndrome of 

inappropriate antidiuretic hormone secretion; thirst; hyponatremia; hypernatremia 

 

1. Introduction 

Patients with traumatic brain injury (TBI) have complex presentations.  Important factors in 

these presentations include the type of injury, the location of the injury, and the severity of the injury.  

The classification of these patients often uses three items: the Glasgow coma scale, the time needed 

to recover consciousness, and the time of post-injury amnesia. Factors that influence outcomes 

include the individual’s age, underlying comorbidity, and access to specialized treatment facilities. 

The consequences of injury can be analyzed as acute events during hospitalization and chronic 

complications posthospitalization. Additional injury after the initial trauma event likely develops 

when patients have increased intracranial pressure, increased intracranial bleeding, decreased brain 

blood flow secondary to hypotension or vasospasm, seizures, and abnormal electrolytes resulting in 

cellular dysfunction, i.e., dehydration or edema. 

All classification systems used in patients with TBI have relatively poor performance 

characteristics in the prediction of long-term outcomes.  This is especially true in patients with mild 

TBI who can have unpredictable courses, and in these patients, additional markers of brain injury 

might help predict outcomes.  Brain biomarkers have been studied and do have potential utility 

[1,2]. However, these markers do not add to or improve current models for predicting outcomes at 6 

and 24 months following TBI, and they do not seem useful in patients with mild TBI.  However, in 

these latter patients, biomarkers have the potential to help characterize the clinical course, and if there 

is a second peak in the biomarkers, such as S100B, that would suggest ongoing neuronal injury. 
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Elias et al. published a scoping review that analyzed the early management of older individuals 

following TBI [3].  Important concerns include the prior use of anticoagulants, which increase the 

risk of intracranial bleeding, the need to consider the possibility of intracranial lesions using 

computed tomography to evaluate patients at presentation, and the increased need for 

hospitalization for observation.  This review did not discuss medical complications related to 

concussions.  Potential concerns include seizures, increased neurologic disability with a risk for falls, 

and confusion with poor decision-making. Comorbidity, especially dementia and hypertension, 

increases the frequency of poor outcomes. Other investigators have published reviews of randomized 

control trials that described the early management of patients with either concussion or TBI [4]. In 

general, these trials do not discuss the hospital management of electrolytes and other medical 

abnormalities in these patients.  The American College of Surgeons Trauma Program has published 

best practice guidelines for the management of TBI in 2024 [5]. The treatment goals recommended in 

this guideline include a serum sodium in the range of 135 to 145 mEq/L and a serum osmolality ≤320 

mOsm/kg. Smith et al. reported the outcomes of 151 patients who presented to a trauma center [6].  

Patients were classified into two cohorts, hyponatremia with an admission serum sodium of less than 

135 mEq/L and non-hyponatremia.  Hyponatremia had a significant association with mortality 

(45.5% died) and was an important predictor of mortality in a multiple regression analysis. 

This review will consider the importance of extracellular fluid osmolality and regulation in 

cellular homeostasis in TBI and the disruption of the blood-brain barrier in TBI in the pathogenesis 

of complications.  It also analyzes the important electrolyte abnormalities that can develop after TBI; 

these include diabetes insipidus, the syndrome of inappropriate antidiuretic hormone syndrome 

secretion, and primary thirst disorders in these patients.  These disorders can cause very abnormal 

sodium levels and have important effects on brain cellular function that need immediate attention 

during the management of these patients. 

2. Epidemiology of Traumatic Brain Injury 

The Centers for Disease Control and Prevention publishes information on the annual number 

and rate of deaths per 100,000 TBIs in the United States [7].  There were 60,565 TBI-related deaths in 

2018 and 60,611 deaths in 2019.  The 2019 rate ranged from 1.3 per 100,000 in children aged 5 to 9 to 

76.7 per 100,1000 in adults 75+ years of age.  The adjusted rate was approximately three times higher 

in men.  The rate of unintentional motor vehicle crash deaths was 3.1 per 100,000 for all ages, the 

rate for unintentional falls was 5.5 per 100,000 for all ages, and the rate for suicide was 7.5 per 100,000 

for all ages.  The adjusted rates for all ages in these three categories were higher in men than in 

women. Flores-Sandoval et al. (2024) published a systematic review of studies reporting mortality 

and disposition in adults with moderate to severe TBI [8]. This review included 64 studies published 

between 1992 and 2022.  Mortality was higher in adults older than 60 years of age than in younger 

adults. In addition, older adults (> 65 years of age) were less likely to be discharged home than 

younger adults and were more likely to be discharged to skilled nursing facilities, inpatient 

rehabilitation, and palliative or hospice care. 

The complexity of TBI makes it difficult to identify factors that provide good predictions of 

outcomes at 6, 12, and 24 months. The International Mission for Prognosis and Analysis of Clinical 

Trials (IMPACT) and Corticoid Randomization after Significant Head Injury (CRASH) prognostic 

models have been used to predict 6-month unfavorable outcomes and mortality [9,10]. The IMPACT 

model includes core components (age, motor score, and pupils), core components + CT (hypoxemia, 

hypotension, CT results [level of diffuse injury], subarachnoid hemorrhage, and epidural mass), and 

core components + CT + lab (glucose and hemoglobin). The CRASH model includes country, age, 

Glasgow coma score, pupil reactions, and major extracranial injury. The areas under the curves in 

these two models for 12- and 24-month outcomes were approximately 0.8 with a sensitivity of 0.82 to 

0.85 and a specificity of 0.52 to 0.54 [11]. Iderdar et al. published a systematic review and meta-

analysis of studies reporting outcomes at 3 and 12 months following TBI [12,13]. Poor outcomes were 

associated with increased age, low Glasgow coma scores, poor pupil reactivity, increased intracranial 

pressure greater than 20 mm Hg, low hemoglobin levels, and higher glucose levels. No single factor 
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consistently predicted mortality. Other factors associated with unfavorable outcomes included a 

midline shift of more than 5 mm, hypotension, hypoxemia, the requirement for blood transfusion, 

the requirement for mechanical ventilation, and intraventricular hemorrhage.  

These studies have reported the profound consequences of TBI and the complex care these 

patients often need.  The following sections discuss the electrolyte disorders associated with TBI and 

their clinical consequences.   

3. Volume and Osmolality Control in Traumatic Brain Injury 

Plasma osmolality (Posm) is primarily determined by the concentrations of solutes in plasma, 

including anions, glucose, and urea. It can be calculated using the standard formula commonly used 

by clinicians: 

Posm (mmol/kg) = 2 X serum Na+ (mEq/L) + glucose (mg/dl) / 18 + BUN (mg/dl) / 2.8. 

However, the most accurate assessment of osmolality is obtained by direct measurement with 

osmometry using either freezing point depression or vapor pressure techniques. When discussing 

body osmolality, it is important to differentiate between osmolality and tonicity. Tonicity refers to 

the concentration of effective solutes in plasma, specifically those confined to the extracellular fluid 

(ECF) and unable to cross cell membranes into the intracellular fluid (ICF). Effective solutes, such as 

sodium and its accompanying anions, promote water movement between the ECF and ICF along 

osmotic gradients. In contrast, urea is not considered an effective solute, since it freely permeates cell 

membranes; the effect of glucose depends on insulin concentrations which are required for cellular 

uptake. Therefore, the effective plasma osmolality or tonicity can be calculated using the previously 

mentioned formula, excluding BUN: 

Posm (mmol/kg) = 2 X serum Na+ (mEq/L) + glucose (mg/dl) / 18. 

The law of osmosis explains water movement across semipermeable membranes—those 

allowing water but not solutes to pass. When a semi-permeable membrane separates two 

compartments, water molecules will diffuse into the area of higher solute concentration. Thus, an 

increase in free water in the ECF will prompt water movement across the membrane, resulting in 

intracellular expansion, while a decrease in free water in the ECF will cause water to shift from the 

ICF to the extracellular space. 

Osmoreceptors in the brain detect solute concentrations and modulate the secretion of arginine 

vasopressin (AVP) from the posterior pituitary. Only effective solutes stimulate AVP secretion; 

studies have demonstrated that solutes like sodium chloride and mannitol are significantly more 

effective than urea or glucose in this process [14]. Plasma osmolality is rigorously regulated within a 

± 5% tolerance, with a normal range of 280-295 mOsm/kg, driven by tonicity rather than total 

osmolality. Two primary mechanisms maintain effective Posm: the pituitary secretion of AVP, which 

promotes antidiuresis, and the thirst response which compensates for water losses. Each mechanism 

is governed by distinct regulatory processes. 

The neurohypophysis constitutes the location where AVP is synthesized in the paraventricular 

and supraoptic nuclei, subsequently transported down the pituitary stalk, and then released into 

capillaries from neuron terminals in the posterior pituitary. Damage to this region, such as from TBI, 

may not lead to diabetes insipidus, if the AVP-producing cell bodies in the hypothalamus remain 

intact, since AVP can be released from higher hypothalamic areas. 

The vasopressin gene encodes a 154-amino-acid prohormone that undergoes cleavage into three 

peptides: neurophysin, AVP at the amino terminus (comprising 9 amino acids), and copeptin at the 

carboxy terminus. Copeptin is released in equimolar amounts with AVP; due to its larger size and 

longer half-life, it serves as the preferred surrogate marker for AVP secretion. Once in circulation, 

AVP interacts with three primary receptor subtypes: V1a, V1b, and V2. The kidneys are exquisitely 

sensitive to changes in plasma AVP, and urine volume is inversely proportional to AVP 

concentration. Specifically, lower AVP levels result in increased urine excretion, and in cases of 

complete central diabetes insipidus, urine excretion rates may reach up to 1,000 milliliters per hour. 

Physiological urine concentration occurs with plasma AVP levels in the range of 0.5 to 5.0 pg/ml. 

Although baroreceptors are less sensitive to AVP levels, they also stimulate its release in response to 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 November 2024 doi:10.20944/preprints202411.2269.v1

https://doi.org/10.20944/preprints202411.2269.v1


 4 

 

changes in blood pressure and blood volume exceeding 10-15% [15]. Thirst correlates linearly with 

fluctuations in plasma osmolality, but this response is not simultaneous with AVP secretion. A higher 

threshold for plasma osmolality, typically 5-10 mOsm/kg, is required to stimulate thirst compared to 

AVP release, thus positioning AVP as the primary osmotic regulator [16,17].  

The thirst center is anatomically distinct from AVP-producing neurons and has been identified 

by positron emission tomography studies in the anterior midcingulate cortex; however, both centers 

receive input from osmoreceptors [18]. The primary osmoreceptors are located in the anterior wall of 

the third ventricle, extending from the anterior commissure to the organum vasculosum of the lamina 

terminalis (OVLT), collectively referred to as the AV3V area. The OVLT, positioned outside the 

blood-brain barrier, allows for rapid sensing of changes in plasma osmolality, which stimulates both 

thirst and AVP secretion [19].  

Traumatic lesions affecting AVP neurons result in decreased AVP secretion, leading to diabetes 

insipidus characterized by polydipsia and polyuria. Conversely, a lesion in the anterior 

hypothalamus that damages osmoreceptors can lead to both a loss of AVP secretion and an absence 

of thirst and produces a disorder called adipsic diabetes insipidus. These patients are often 

chronically hyperosmolar, indicating that AVP secretion alone is insufficient to maintain water 

homeostasis. Diagnosing this condition can be challenging, as patients are unable to secrete AVP in 

response to hyperosmolar stimuli but can respond to hypovolemic stimuli. This combination reflects 

selective dysfunction of osmoreceptors, consistent with the understanding of various baroreceptor 

pathways within the brain [20,21].  

Blood Brain Barrier Disruption 

Traumatic brain injury causes significant disruption of the blood-brain barrier (BBB), which can 

contribute to secondary injury mechanisms. This disruption typically occurs within hours of the 

initial injury and can persist for years in some patients. The breakdown of the BBB allows serum 

proteins, such as fibrinogen and immunoglobulin G, to extravasate into the brain parenchyma, a 

phenomenon observed in both acute and chronic cases of TBI [22]. 

The disruption of the BBB contributes to the development of cerebral edema through two 

primary mechanisms. The first is vasogenic edema, characterized by the accumulation of fluid in the 

perivascular space. This fluid accumulation can lead to alterations in cerebral blood flow and 

increased intracranial pressure. The second mechanism is cytotoxic edema, which involves the 

activation of ion channels that facilitate water influx into intracellular spaces, further compromising 

the integrity of the BBB. If not promptly addressed, these processes can result in irreversible tissue 

damage and cell death, significantly contributing to the high mortality rates associated with severe 

TBI [22]. In most cases, the extent and location of disruption of the BBB are unknown, but these 

disruptions likely contribute to progressive brain injury. 

In summary, injury to the hypothalamus and pituitary can cause changes in the secretion of AVP 

and in thirst responses.  Both increases and decreases in these two homeostatic processes can lead 

to abnormal sodium concentrations and intracellular and extracellular fluid volumes, resulting in 

additional cellular injury.  Disruption of the BBB also contributes to fluid accumulation at sites of 

injury. 

4. Diabetes Insipidus 

4.1. Etiology 

Diabetes insipidus (DI) is a hormonal disorder that results in large volumes of dilute urine. There 

are several clinical disorders associated with polyuria; these include central and nephrogenic DI, 

primary polydipsia, and rarely gestational DI. Most central diabetes insipidus (CDI) cases occur after 

destruction of vasopressinergic neurons by TBI, neoplasms, neurosurgical procedures, or 

autoimmune inflammation involving the AVP-secreting neurons [23]. Nephrogenic diabetes 

insipidus (NDI) is the result of resistance of the kidneys to AVP due to mutations in the gene encoding 

AVP receptor 2 (AVPR2) or aquaporin 2 (AQP2), an adverse  drug effect, or an electrolyte disorder 
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[24]. Drug effects are most commonly caused by lithium or tricyclic antidepressants. Primary 

polydipsia is characterized by excessive fluid intake that leads to polyuria, despite intact AVP 

secretion and an appropriate antidiuretic renal response [24]. Gestational DI develops secondary to 

degradation of ADH, which is caused by the enzyme vasopressinase. All disorders with DI result in 

a water diuresis due to the inability to concentrate the urine.  

4.2. Epidemiology 

Diabetes insipidus is a rare disorder and has prevalence of 1 in 25,000. It can present at any age, 

and there is no gender predisposition.  Central diabetes insipidus can be acquired or hereditary and 

occurs in 20% of moderate or severe cases of TBI and in 15% of nontraumatic subarachnoid bleeds 

[23]. The predominant manifestations of DI include hypotonic polyuria with urine output of greater 

than 50 mL/kg in 24 hours and polydipsia with fluid intake greater than 3L/day. In pregnancy, CDI 

may develop secondary to lymphocytic hypophysitis [23]. In addition, a pre-existing partial CDI in 

pregnant women may become more apparent due to the metabolic effects of placental cysteine 

aminopeptidase, an enzyme that increases metabolic clearance of oxytocin and AVP [23]. Therefore, 

in patients with TBI and DI, the possibility of DI secondary to causes other than TBI should be 

considered. 

Traumatic brain injury commonly occurs following motor vehicle accidents, assaults, or falls. 

This injury can cause swelling around the hypothalamic-pituitary axis or direct damage to the 

paraventricular neurons, supraoptic hypothalamic neurons, the pituitary stalk, and axon terminals 

in the posterior pituitary. These abnormalities can be transient if the supraoptic and paraventricular 

neurons form new vascular connections or can become permanent [25]. Transient DI is often seen 

with transsphenoidal surgery for pituitary tumors or sella/suprasellar lesions. When transient, the 

post-traumatic DI can last a few days to a few weeks and is associated with a high mortality rate, 

particularly when it occurs very early after a TBI [26].  

4.3. Diagnosis 

The diagnosis of DI is confirmed with a 24-hour urine collection measuring urine volume and 

osmolality levels and measurement of plasma osmolality, sodium levels, and copeptin 

levels. Additional investigation with hypertonic saline administration or arginine stimulation testing 

may be needed to make this diagnosis. Plasma osmolality < 280 mOsm/kg and sodium levels < 135 

mEq/L indicate primary polydipsia. Plasma osmolality > 280 mOsm/kg and sodium levels > 147 

mEq/L suggest CDI or NDI. To then differentiate between CDI or NDI, copeptin levels should be 

measured. Copeptin ≤ 4.9 pmol/L occurs with CDI, while levels ≥ 21.4 pmol/L indicate NDI. If both 

plasma sodium and osmolality levels fall within the normal range, more specialized testing may be 

necessary. The water deprivation test has been the standard used to diagnose DI for many years; 

however, it has a low diagnostic accuracy of around only 70%. Alternatively, basal copeptin levels, 

hypertonic saline infusion, and the arginine stimulation testing all have significantly higher 

sensitivity and specificity. Copeptin levels taken before water deprivation or stimulation tests that 

exceed 21.4 pmol/L have a 100% sensitivity and specificity for the diagnosis of NDI [24]. The 

hypertonic saline test can be used to differentiate patients with primary polydipsia from patients with 

CDI with a 93% sensitivity and 100% specificity [24]. This test is performed by infusing 250 ml of 3% 

hypertonic saline over 15 minutes followed by infusing 0.15ml 3% saline/kg/minute with 

measurement of copeptin and sodium levels every 30 minutes. With the arginine stimulation testing, 

copeptin levels measured after the arginine infusion had a 92% sensitivity and 93% specificity 

distinguishing central DI from primary polydipsia [24]. Last, if CDI is diagnosed, magnetic resonance 

imaging (MRI) imaging is needed to investigate the etiology. The classic MRI finding in CDI is loss 

of the posterior pituitary bright spot, which represents depletion or absence of stored AVP [27].  

However, the loss of a bright spot may also occur with age. The second most common MRI 

abnormality is thickening or enlargement of the pituitary stalk [26]. Pituitary stalk thickening can 

also occur with small craniopharyngiomas, lymphocytic hypophysitis, infiltrative disorders, 

autoimmune DI, and metastases, such as germinoma in children and young adults [26].  
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4.4. Treatment 

Desmopressin is the treatment of choice for CDI and gestational DI and can be administered 

orally, intranasally, subcutaneously, or intravenously. Oral desmopressin doses range from 0.05 mg 

to 0.8 mg (in divided doses) per day. The oral form has a lower potency than the nasal form because 

only about 5 percent is absorbed from the gut [24]. Nasal doses range from 10 mcg to 20 mcg per day. 

Intravenous or subcutaneous administration is used for acute DI which often occurs after TBI or 

neurosurgical surgery. Nephrogenic DI requires the discontinuation of all culprit medications and 

the use of a renal diet to prevent hypernatremia [28]. Treatment of primary polydipsia is aimed at 

regulating water intake with possible additional use of antipsychotic medications. Chronic alcohol 

consumption, particularly beer, with concurrent use of desmopressin is not recommended due to the 

risk of hyponatremia and alcohol-induced seizures.  Patients with TBI and DI need attention to fluid 

intake, urine output, and sodium levels to maintain optimum electrolyte levels and serum tonicity. 

5. Syndrome of Inappropriate Antidiuretic Hormone Secretion 

5.1. Epidemiology in Traumatic Brain Injury 

The syndrome of inappropriate antidiuretic hormone secretion (SIADH) is characterized by the 

excessive release or action of antidiuretic hormone (ADH), resulting in water retention and 

consequent hyponatremia. This disorder typically arises from injuries affecting the hypothalamus 

and posterior pituitary, where ADH is produced and secreted [29]. The renal tubules, particularly the 

collecting ducts, also contribute to this syndrome by responding inappropriately to ADH levels [30]. 

Furthermore, ectopic production of ADH, notably in cases of small-cell lung cancer, is a well-

recognized cause of SIADH [31]. In the context of TBI, there are limited data regarding the specific 

sites of injury associated with SIADH. One case report suggests that chronic hyponatremia resulting 

from SIADH following TBI may reflect damage to the pituitary stalk or posterior pituitary, although 

no structural abnormalities were observed in computed tomography (CT) or MRI imaging in that 

case [32]. 

The frequency of SIADH in TBI patients remains inadequately addressed in existing literature. 

Chendrasekhar et al. found that among 310 patients with severe TBI, 32 patients (10%) were 

diagnosed with SIADH [33]. Other research has also identified SIADH as a significant contributor to 

hyponatremia in these patients. For example, Born et al. reported that in a cohort of 109 patients with 

severe TBI, 36 individuals (33%) presented with hyponatremia attributed to SIADH [25]. Similarly, 

Agha et al. studied 102 patients with moderate to severe TBI and found that 14 patients (13.7%) had 

hyponatremia, with 13 cases due to SIADH and one attributed to cerebral salt wasting syndrome 

(CSWS) [25]. 

In contrast, Lohani and Devkota observed a different incidence; among their 298 TBI patients, 

50 (16.8%) presented with hyponatremia. Thirty-seven of these patients improved with sodium 

supplementation alone and did not meet the clinical criteria for SIADH; 13 required additional 

sodium retention therapy and were diagnosed with CSWS based on clinical symptoms. The authors 

highlighted a significant lack of clarity in the literature regarding the mechanisms underlying 

hyponatremia in TBI, citing variability in reported rates for SIADH, CSWS, and hypopituitarism. 

They recommended more research that incorporates evaluations of blood volume and hormonal 

assessments to elucidate the causes and frequencies of hyponatremia following TBI [35]. 

5.2. Clinical Presentation 

The clinical presentation of SIADH in TBI patients depends on the type of trauma and the Na+ 

concentration. In a study with 298 TBI patients, 50 individuals (16.8%) presented with hyponatremia 

during hospitalization. The incidence varied by TBI type; 47.9% of the patients had cerebral 

contusions, 34.8% had acute subdural hematomas, 25% had acute epidural hematomas, and 15.9% 

had chronic subdural hematomas. Most cases of hyponatremia occurred within three days of injury 

with a second peak observed after eight days. The average serum sodium level at the time of initial 

treatment was 133.7 ± 0.4 mEq/L. Although specific symptoms were not detailed, it was noted that 
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hyponatremia can present with a spectrum of symptoms, ranging from mild manifestations, such as 

nausea and headaches, to severe complications, such as seizures and coma [36]. In addition, the study 

found that hyponatremia was associated with prolonged hospital stays and worse clinical outcomes 

in TBI patients. There was no significant difference in the initial Glasgow coma scale scores between 

patients who developed hyponatremia and patients who did not. The need to distinguish between 

SIADH and CSWS in TBI patients was emphasized, as treatment approaches differ. Among the 50 

hyponatremic patients, 37 responded positively to sodium supplementation alone, while 13 required 

additional hydrocortisone treatment for persistent natriuresis. The precise mechanisms underlying 

hyponatremia following TBI remain unclear and are likely multifactorial, indicating a need for more 

studies incorporating blood volume and hormonal evaluations to better understand the etiology of 

hyponatremia in these patients [36]. 

5.3. Diagnosis 

Diagnosing SIADH requires specific criteria that evaluate osmolality, urinary concentration, and 

volume status while excluding other potential causes. Key diagnostic criteria include reduced 

osmolality of extracellular fluid, i.e., a plasma osmolality below 275 mOsm/kg, and inappropriate 

urine concentration, i.e., urine osmolality above 100 mOsm/kg, despite normal renal function. 

Patients with SIADH are clinically euvolemic without fluid overload or dehydration and have 

elevated urinary sodium excretion (greater than 30 mEq/L) under normal salt and water intake. 

Supporting criteria for SIADH diagnosis include low serum uric acid levels (below 4 mg/dL), low 

blood urea nitrogen (BUN below 10 mg/dL), and uncorrected hyponatremia upon volume expansion, 

with improvement following fluid restriction. In some cases, a water load test may be used; abnormal 

results, i.e., excreting less than 80% of a 20 mL/kg water load within four hours, further support 

SIADH diagnosis. Elevated plasma AVP levels in the presence of hypotonicity and clinical euvolemia 

also support this diagnosis [37]. 

Excluding other causes of euvolemic hyponatremia, such as hypothyroidism, glucocorticoid 

deficiency, or medications that stimulate AVP release, is critical to confirm the diagnosis of SIADH. 

A fractional excretion of uric acid greater than 12% can further distinguish SIADH from hypovolemic 

hyponatremia. The diagnostic approach typically includes comprehensive laboratory testing, 

assessment of volume status, and a water restriction trial. In complex cases, measuring AVP or 

copeptin levels, along with conducting water load tests, may be necessary. In general, fulfilling core 

criteria in a euvolemic patient while ruling out other causes is sufficient for diagnosing SIADH [37]. 

5.4. Treatment 

The incidence of hyponatremia in TBI patients varies across studies. According to a Moro study 

(2007), the incidence was 16.8%, with 50 out of 298 TBI patients presenting with hyponatremia. This 

condition was linked to longer hospital stays and poorer clinical outcomes. Among the hyponatremic 

patients, 37 improved with sodium supplementation alone, and 13 required additional treatment 

with hydrocortisone due to persistent natriuresis. The administration of hydrocortisone significantly 

decreased both sodium excretion and urine volume, indicating its effectiveness in managing 

hyponatremia [36]. 

Rajagopal et al. (2017) reported an incidence of hyponatremia of 13.2% in TBI patients (198 out 

of 1500). Traumatic subarachnoid hemorrhage was the most frequent abnormality on admission CT 

scans in patients who developed hyponatremia. The authors noted that early treatment with 

fludrocortisone significantly reduced the length of hospital stays for affected patients, and they 

proposed a management protocol for hyponatremia in TBI patients that used fludrocortisone early 

in cases accompanied by natriuresis. This approach aims to simplify treatment by eliminating the 

need to distinguish between SIADH and CSW, potentially streamlining patient care [38]. 

For all patients with SIADH, close monitoring of serum sodium is crucial, particularly during 

the first 24-48 hours of treatment, to prevent overly rapid corrections that could lead to osmotic 

demyelination syndrome. In general, the sodium correction rate should remain below 8-12 mEq/L 

within 24 hours or 18 mEq/L over 48 hours; in patients at high risk of osmotic demyelination, even 
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slower correction rates (e.g., below 8 mEq/L in 24 hours) are recommended. During active correction 

with vaptans, fluid restriction is not advisable. Personalized treatment based on the severity of 

hyponatremia, symptoms, and patient risk factors is essential for safe and effective management [29].  

6. Cerebral Salt Wasting Syndrome 

Cerebral salt wasting syndrome (CSWS) is another important cause of hyponatremia in TBI 

patients and is distinct from SIADH [33]. While both conditions can lead to hyponatremia, CSW is 

characterized by hypovolemia, whereas SIADH typically presents with euvolemia or mild 

hypervolemia. Chendrasekhar et al. found that in 310 patients with severe TBI, 125 (40%) developed 

CSW, and 32 (10%) developed SIADH. This suggests that CSW may be more common than SIADH 

in TBI patients. Patients with CSW had significantly worse outcomes, including higher injury severity 

scores, longer hospital and ICU stays, more ventilator days, and lower survival rates than TBI patients 

without CSW [33]. Distinguishing between CSW and SIADH is crucial for appropriate treatment.  

Both disorders may initially be treated with hypertonic saline, but patients with CSWS often require 

additional volume expansion and sometimes mineralocorticoid therapy (e.g., fludrocortisone) for 

persistent natriuresis [39]. 

The management of patients with TBI and a sodium disorder can be challenging and it may be 

difficult to determine if the abnormal sodium levels reflect a clinical syndrome associated with TBI 

or reflect errors in management.  Both hyponatremia and hypernatremia have been associated with 

poor outcomes in TBI patients. Hyponatremia is recognized as a significant independent factor 

associated with adverse neurological outcomes in TBI patients. In one study, hyponatremia occurred 

in 13.2% of TBI patients and was associated with higher 6-month mortality (23.5%) than patients with 

normal sodium levels (19.9%) [40]. A recent study identified an L-shaped relationship between 

sodium levels and in-hospital mortality in patients with TBI, with a critical threshold of 144.1 mEq/L. 

Patients with hypernatremia (sodium levels greater than 145 mEq/L) had a 2.17-fold increased risk of 

in-hospital death compared to those with normal or low sodium levels, even after controlling for 

potential confounding variables. This indicates that hypernatremia is independently linked to an 

increased risk of mortality in TBI patients, as discussed in the section on DI [41].  In addition, another 

study reported that 36.9% of patients with severe TBI developed hypernatremia, which was also 

independently associated with early mortality. The findings indicate that the mortality rates are high 

in patients with severe hypernatremia and indicate that clinicians must not overcorrect hyponatremia 

during the management of both SIADH and CSWS S [42].  

7. Thirst in Traumatic Brain Injury 

The initial evaluation of patients with TBI usually focuses on the level of consciousness and 

neurologic status or injuries/deficits.  These injuries can cause psychiatric disorders which in turn 

can have important effects on sodium levels.  This leads to the difficult question of whether the initial 

disorder involved thirst and fluid intake or abnormal antidiuretic hormone levels. 

7.1. Site of Injury  

Normal thirst responses depend on plasma osmolality and the oropharyngeal region that also 

has a role in the secretion of vasopressin [43,44]. Zimmerman et al. found that the subfornical organ 

(SFO) is involved in the anticipatory regulation of thirst, which allows drinking behavior to be 

modified [45]. In conditions such as polydipsia, the exact cause is still uncertain and is probably 

multifactorial. Available data suggest that it could be due to hypersensitivity to the effects of 

vasopressin, increases in the activity of dopamine, or even a defect in osmoregulation. Thirst-center 

stimulation in response to high dopamine levels with increased water intake consumption to 

counteract the effects of some psychotropic medications and changes in feedback regulation of the 

hypothalamic-pituitary axis in chronic polydipsia have also been described [46].  

Studies have revealed changes in the osmotic set point for the release of vasopressin in patients 

with schizophrenia, and these are increased during acute episodes of psychosis. In addition, 
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vasopressin dysfunction is present due to hippocampal impairment in the regulation of vasopressin 

and the hypothalamic-pituitary-adrenal axis, which suggests that hippocampal impairment in 

subjects who have TBIs are at risk of developing psychogenic polydipsia [47,48].  

7.2. Epidemiology 

The relation between thirst and changes in sodium has been studied, especially in those with 

psychogenic polydipsia, which includes a variety of psychiatric conditions, such as bipolar disorder, 

psychotic depression, and more commonly schizophrenia [46]. Patients with psychogenic polydipsia 

have a water intake greater than the kidneys’ capacity to excrete it and drink up to 1 L/hr, resulting 

in hyponatremia due to a combination of poor solute consumption and excessive water consumption 

[49]. 

Mercier-Guidez et al. found that 11-20% of patients with chronic schizophrenia have 

psychogenic polydipsia with an intake of 5-15-L per day; these patients were symptomatic when 

sodium levels varied within 106 – 114 mEq/L [50]. Current data support the idea that TBI is a risk 

factor for schizophrenia, especially in patients with genetic susceptibilities to psychosis [51]. 

Conversely, adult patients who had TBI at an older age without any family history of psychiatric 

disorders can also develop schizophrenia [52]. A study done by Trivedi and his team found that 

hospitalized patients due to TBI have a 2.2 times greater likelihood of schizophrenia, especially in 

men. Greater risk is present in patients with bipolar disorders, anxiety disorders, personality 

disorders, substance abuse, intellectual disability, and young age [53].  

7.3. Clinical Presentation 

Symptoms suggesting hyponatremia in patients with psychiatric disorders include headache, 

fatigue, weakness, irritability, confusion, nausea, vomiting, and muscle cramps [54]. The presentation 

depends on how low the sodium level is and its rate of development.  These symptoms are 

uncommon except in patients with an intake greater than 10 L daily, because they have reached their 

capacity to dilute urine and have developed a complete vasopressin suppression [55]. Attention 

should also be given to patients with urinary incontinence, including enuresis, as this can suggest 

polydipsia. 

7.4. Diagnosis 

Part of the workup when addressing abnormalities regarding excessive thirst requires to rule 

out other causes of polydipsia. Imaging studies are potentially useful since the thirst center can be 

affected by infiltrative diseases [56]. The context of the patient will suggest the possible etiology; for 

example, psychiatric patient behavior with increased fluid consumption due to delusional states or 

obsessive-compulsive tendency or to the use of psychotropic medications with anticholinergic side 

effects can lead to signs and symptoms of episodes with hyponatremia [54,57]. Hospitalized patients 

with alcoholism or eating disorders can use water to obtain pseudosatiety.  

The water restriction test is the gold standard for the diagnosis of psychogenic polydipsia. In 

this test, a Posm higher than 295 mOsm/kg causes a maximal renal response to increased vasopressin 

levels. Before the test, patients usually have very diluted urine with an osmolality lower than 100 

mOsm/kg and low values of vasopressin. After the test is done, patients have concentrated urine with 

osmolality greater than 600 mOsm/kg and high values of vasopressin [55]. 

7.5. Treatment 

The onset and severity will guide the approach; patients with acute symptomatic and severe 

hyponatremia require treatment as described previously in the other sections. Fluid restriction should 

be guaranteed in patients with psychogenic polydipsia and hyponatremia [56]. Non-pharmacological 

management should include reinforcement schedules and fluid restriction. In monitored settings like 

hospitals or nursing homes management should include measuring diurnal weight and enforcing 

short fluid restriction periods (between 1 to 3 hours); acute increases in weight greater than 5 - 8 kg 
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put the patient at risk of water intoxication [58]. Pharmacological medications can include 

antipsychotic medications, like risperidone and clozapine, and other medications, such as 

angiotensin-converting enzyme inhibitors, beta-blockers, and alpha-blockers, have demonstrated 

beneficial results in these patients [59–62]. However, their use has been reported in case studies, and 

no large trials or clear guidelines are available. Long- term management requires behavioral 

management and close vigilance by health professionals due to its relapsing behavior. 

Important laboratory results for the clinical disorders associated with abnormal sodium levels 

in patients with TBI are summarized in the Table 1. 

Table 1. Laboratory results and characteristics of water balance disorders related to traumatic brain 

injury. 

Condition Key features Laboratory results 
Correlation with traumatic 

brain injury 

Diabetes insipidus 

Central DI: 

Deficiency of ADH 

due to hypothalamic 

or pituitary damage. 

Nephrogenic DI: 

Renal insensitivity to 

ADH. 

Hypernatremia (serum 

sodium >145 mEq/L); 

Elevated serum 

osmolality (>295 

mOsm/kg); 

Low urine osmolality 

(<300 mOsm/kg); 

Low copeptin levels (<5 

pmol/L in central DI) 

Common post-TBI, often 

due to damage affecting the 

hypothalamic-pituitary axis, 

leading to impaired ADH 

secretion. 

Syndrome of 

inappropriate 

antidiuretic hormone 

secretion 

Inappropriate 

secretion of ADH: 

Water retention and 

dilutional 

hyponatremia. 

Hyponatremia (serum 

sodium <135 mEq/L); 

Inappropriately 

concentrated urine (urine 

osmolality >100 

mOsm/kg); 

Low serum osmolality 

(<275 mOsm/kg); 

Elevated copeptin levels 

(>10 pmol/L) 

Commonly occurs  TBI, 

associated with direct brain 

injury  

Cerebral salt wasting 

Excessive renal 

sodium excretion: 

Hypovolemia and 

hyponatremia due to 

natriuresis. 

Hyponatremia (serum 

sodium <135 mEq/L); 

Inappropriately elevated 

urine sodium 

concentration (>20 

mEq/L); 

High urine osmolality 

(>300 mOsm/kg); 

Normal to elevated 

copeptin levels (5-10 

pmol/L) 

Frequently associated with 

TBI and neurosurgery; often 

a response to increased 

intracranial pressure and 

resultant changes in fluid 

balance. 

Primary polydipsia 

Psychogenic 

condition: Excessive 

water intake, despite 

normal renal 

function. 

Low urine osmolality 

(<300 mOsm/kg); 

Serum sodium may be 

normal or mildly low; 

Low to normal copeptin 

levels (<5 pmol/L) 

Can arise after TBI, 

particularly in patients with 

psychological stress or brain 

injuries affecting behavior, 

usually a separate entity 

from ADH dysregulation. 

ADH: Antidiuretic hormone; DI: Diabetes insipidus; TBI: Traumatic brain injury. 
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8. Discussion 

Patients with TBIs have complex presentations that depend on the type and severity of the injury 

and other trauma-related injuries. They likely will need evaluation by a neurosurgeon, a trauma 

surgeon, a critical care specialist, and a neurologist.  The initial injury may be complicated by the 

development of additional intracranial bleeding, intracranial hypertension, decreased cerebral 

perfusion, and electrolyte abnormalities. These patients are at risk to develop both hyponatremia 

secondary to SIADH secretion and CSWS and hypernatremia secondary to diabetes insipidus. They 

may also have behavioral abnormalities that interfere with their treatment. This could represent new 

onset schizophrenia or the effects of brain contusion. These abnormalities can lead to excessive water 

ingestion or inadequate water ingestion. The clinician should expect these patients to have 

abnormalities in electrolytes and order serial measurements of sodium. Patients with increases or 

decreases in sodium need a more comprehensive clinical and laboratory evaluation. The clinician 

needs to decide if the patient is euvolemic, hypovolemic, or hypervolemic. Urine output and urine 

electrolytes should be measured, and thyroid and adrenal function tests should be obtained. Patients 

with hyponatremia and clinical symptoms attributable to this hyponatremia should have serum 

sodium levels corrected. This should be done cautiously to avoid the possibility of osmotic 

demyelination.  Patients with hypernatremia will need volume expansion.  Patients with abnormal 

thirst may need fluid restriction or scheduled fluid administration. Dysnatremia and fluid status are 

ongoing concerns and need frequent reevaluation. 

9. Conclusions 

Abnormal sodium concentrations occur frequently in patients with TBI.  These electrolyte 

disorders contribute to both morbidity and mortality and will need careful evaluation and frequent 

follow-up.  It may be difficult to determine if the abnormal sodium concentration is contributing to 

the clinical presentation, but that possibility should be an ongoing consideration with regular efforts 

to maintain sodium levels in the normal range. 
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