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Abstract

Aim

This study aimed to explore the mechanisms involved in evaluating various treatment strategies for
hyponatremia in traumatic brain injury patients and their effects on outcomes.

Method

130 patients more than 18 years diagnosed with traumatic brain injury with and serum sodium <I135mEgq/L
were included in the study while patients with pre-existing electrolyte imbalances and chronic kidney disease
and those who died within 24 hours of admission were excluded.

Results

Different management strategies for hyponatremia were evaluated, such as fluid restriction and monitoring,
administration of hypertonic saline, and use of mineralocorticoids and vasopressin antagonists.

Conclusion

In our study, we found that differentiating cerebral salt wasting from SIADH can be challenging, but it is
essential due to the distinct treatment strategies for each condition. Rapid overcorrection of sodium levels
should be avoided to prevent complications. Proper diagnosis is crucial for effective management of
hyponatremia.
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I. Introduction

Traumatic brain injury, as a common disease entity in neurosurgery, refers to the organic
damage to the brain tissue caused by mild to severe head trauma (1, 2), with particularly high morbidity
rate and mortality rate. Clinical manifestations include symptoms such as disturbance of consciousness,
dizziness, and headache, the delayed treatment for which may give rise to complications such as
permanent dysfunction, amnesia, and epilepsy, jeopardizing patients’ life safety and hindering the
quality of life (3—5). Hyponatremia, defined as serum sodium < 135meq/L, is the most common electrolyte
abnormality encountered in patients with traumatic brain injury (6). After traumatic brain injury, the release
of anterior pituitary gland adrenocorticotropic hormone increases due to the stress response, which has a
certain impact on sodium excretion, and the application of a large amount of dehydrating drugs after
traumatic injury can also lead to low sodium, which may cause impaired nerve cell function, resulting in
neurological dysfunction and even disability or death in severe cases (7, 8). In addition, patients with
traumatic brain injury are frequently complicated with hyponatremia, which may trigger neurological
dysfunction or even death and disability in severe cases due to damages to the patients’ nerve cells. It has
been found clinically that the understanding of the causes of traumatic brain injury complicated by
hyponatremia serves to a better prognosis of patients and drives down mortality (9—11). In addition, the
clinical treatment of this disease is mainly gastrointestinal sodium supplementation, which has obvious
limitations and poor efficacy (12), so it is also urgent to explore more ideal treatment methods. The
reported incidence of hyponatremia in TBI ranges from 9.6 to 51% (13-14) and it is well established that
hyponatremia is an independent predictor of poor neurological outcome in patients with TBI (13—14). Despite
this there are no practical management protocols, especially for use in areas where sophisticated laboratory
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investigations are unavailable and prolonged admission occupies precious hospital beds. The common causes of
hyponatremia in TBI are CSW, SIADH, hypopituitarism and inadequate dietary intake of salt (15). Of these,
inadequate salt intake can be diagnosed with reasonable certainty if the urine spot sodium is low (below 20 —
40mEq/L) and hypopituitarism can be diagnosed by biochemical evaluation of pituitary hormones. After ruling
out these two entities, the clinician is left with CSW and SIADH, both of which manifest as hyponatremia with
natriuresis (urine spot sodium more than 40mEq/L). The proportion of patients with hyponatremia caused by
SIADH and CSW has been extensively debated in medical literature without definite consensus (16). Further
review of literature takes the reader into the grey zone of differentiation between CSW and SIADH with panels
of laboratory and clinical tests, none of which are conclusive (16). Measurement of ADH levels is not available
at most hospitals managing head injury. Since the fluid management strategies in these two conditions are
completely divergent, this results in a serious clinical dilemma. Fluid restriction is a less than ideal option when
the clinical consequences of dehydrating a TBI patient are considered, especially in the setting of a tropical
climate. Therefore, when serum sodium does not correct with dietary salt supplementation and hydration,
though fluid restriction is possibly the appropriate treatment, the potential to cause harm must be kept in mind.
Hyponatremia associated with TBI has been found to respond to salt retaining therapy in the setting of
natriuresis, the reasons for which have not been clearly explained (16). This retrospective analysis was
undertaken to study the incidence of hyponatremia in patients with TBI, and the results of different management
strategies. We have also described a practical bedside management protocol for hyponatremia in TBI.

II. Methods

A retrospective review of 536 patients admitted with a diagnosis of traumatic brain injury (TBI)
between January 2024 and October 2024 was undertaken from the hospital electronic patient records, and
radiological data obtained from the institutional picture archiving and communicating system .The severity of
the head injury was graded based on the GCS score as mild (GCS score 13-15), moderate (9-12) and severe (3 -
8) (22). Clinical parameters recorded were GCS score at admission, age, pupillary status, blood pressure at
admission, presence of other significant injuries and need for surgical intervention. Radiological parameters
recorded included the presence of hematomas, subarachnoid haemorrhage (SAH) and diffuse cerebral oedema.
Hyponatremia was defined as serum sodium less than 135meq/L, and was further classified as mild (serum
sodium 130-134 mEq/L), moderate (serum sodium 125-129meq/L) and severe (serum sodium < 125 mEq/L).
Patients with acute kidney injury or chronic renal failure were excluded from the study. The etiology of
hyponatremia was broadly dichotomized into nonnatriuretic (urine spot sodium < 40mEq/L) and natriuretic
(urine spot sodium >40mEg/L).Patients with non-natriuretic hyponatremia were managed with additional
dietary salt. Patients with natriuresis were managed with either hydration or fluid restriction according to the
clinical suspicion of CSW or SIADH based on daily review of intake /output chart and hydration status.
Hypertonic (3%) saline was used for severe or symptomatic hyponatremia. Finally patient outcome was
assessed with Glasgow outcome scale.

Inclusion Criteria — Patients met the diagnostic criteria for traumatic brain injury and acute
hyponatremia occurred within 7 days of onset, and the serum sodium concentration was <135 mmol/L

Exclusion Criteria — Patients with coagulation dysfunction, Pregnant and lactating women, Patients with
a history of metabolic diseases and patients with hyponatremia caused by primary diseases such as
chronic renal failure and nephrotic syndrome.

Diagnoses included: Skull fracture, Traumatic subarachnoid hemorrhage (SAH), Extra dural hematoma
(EDH), Subdural hematoma (SDH), Cerebral contusion (CC), Diffuse axonal injury (DAI).

Treatment algorithm followed in our study included —

Hypertonic Saline

* 3%(513 mEq/L) & 1.6%(274 mEq/L)

* Strategies: Bolus / Infusion

* Bolus of (2-5ml/kg)in 15-20 mins. = Infusion at 10 ml per hour. (200-300 ml/ day.)

Tolvaptan

* Vasopressin receptor antagonist (V2 receptor antagonist).

» Used in non-acute, non-emergency settings.

* Avoided in CSW. (already plasma volume is low.)

* Starting dose = 15 mg orally once daily, which can be increased to 30 mg, and up to a maximum of 60 mg
once daily if needed.
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* Severe Hyponatremia—> 3% NaCl bolus 100 to 150 ml over 20-30 minutes.

* Moderate Hyponatremia—> 20 to 30 ml per hour for 10 hours.

* Vaptan—> Not for emergency—> Unpredictable=> 3% with Vaptan = Not often used - ODS.

* Fludrocortisone (promotes sodium reabsorption from kidneys)>we have not used in hyponatremia. (useful
for CSW).

III. Results

A total of 536 patients were admitted with a diagnosis of traumatic brain injury at our centre during the
review period of whom 130 developed hyponatremia (24.25%), with 110 males (84.60%) and a mean age was
39.2 years. 32 patients had severe, 76 moderate and 22 had mild head injuries. The incidence of mild, moderate
and severe hyponatremia was 28.50%, 53.58% and 17.70% respectively. Hyponatremia was associated with
natriuresis in 126/130 patients (96.92 %). Presence of subarachnoid haemorrhage on the admission CT scan of
the brain was the commonest finding in these patients. The mean duration of stay for patients with
hyponatremia was 12 days as opposed to 7 days for those without hyponatremia. 73 patients (56.2 %) showed
good recovery out of 130 hyponatremia patients. Unfortunately three patients died, although only cause as
hyponatremia could not be established. All the three patients were from severe head injury group.

SR.No. DIAGNOSIS No. Hyponatremia(%)
e Skull fracture I 102 5(4.9%)
s Traumatic subarachnoid hemorrhage 52 28(53.8%)
3. Extra dural hematoma 81 9(11.1%)
4. Subdural hematoma ‘ 160 45(28.1%)
5% Cerebral contusion | 112 29(25.8%)
6. | Diffuse axonal injury | 29 14(48.27%)
Total 536 130(24.25%)

TABLE 1 - SHOWING VARIOUS TBI DIAGNOSIS WITH HYPONATRIMIA

GENDER
Males 110(84.6%)
Females 20(15.4%)
Total 130

TABLE 2 - GENDER WISE DISTRIBUTION OF HYPONATRIMIA

HYPONATREMIA
Mild 37(28.5%)
Moderate 70(53.8%)
Severe 23(17.7%)

Total 130

TABLE 3 - DISTRIBUTION OF SEVERITY OF HYPONATRIMIA
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GLASGOW OUTCOME SCALE
Hyponatremia | Present Absent
Good Recovery ' 73(56.2%) ' 340(83.7%)
Moderate Disability 34(26.1%) : 38(9.4%)
Severe Disability 13(10%) 15(3.7%)
Vegetative State | 7(5.4%) 6(1.5%)
Death 3(2.3%) 7(1.7%)
Total | 130 ' 406
TABLE 4 - OUTCOME OF HYPONATRIMIA ON THE BASIS OF GLASGOW OUTCOME
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IV. Discussion

Hyponatremia is commonly seen in patients with traumatic brain injury (TBI) and poses significant
clinical risks. Hyponatremia lowers plasma osmotic pressure, potentially causing vasogenic edema and
secondary brain damage in patients with central nervous system (CNS) diseases. Maintaining serum sodium
levels within the normal range (targeted at 140 mEq/L) and ensuring normovolemia is crucial. Proper sodium
and fluid management helps prevent complications like cerebral vasospasm. Hyponatremia in TBI patients
is associated with poorer clinical outcomes, highlighting the need for effective treatment. Differentiating
between SIADH and CSWS is critical because each requires a unique treatment approach. Diagnosis can be
challenging, as clinical examination may not provide enough information to distinguish between them.
Overlapping pathophysiological features of SIADH and CSWS add further complexity to accurate diagnosis.

Serum sodium (135-145 mEq/L) is tightly regulated in the body by many mechanisms including but
not limited to the hypothalamic osmostat, renal control mechanisms, preserved thirst response and sweating. A
change in the serum concentration of most ions in the body produces end organ effects due to the alteration in
transmembrane potentials, such as the arrhythmias in hypokalemia or weakness in hypomagnesemia.
Dysnatremias, in addition to altering transmembrane potentials, also cause alterations in cell volume due to
changes in tonicity (6). A fall in the serum sodium causes osmotic shift of water from the extracellular to the
intracellular compartment, causing cellular swelling and an increase in intracranial pressure.

Incidence of hyponatremia in TBI:
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The incidence of hyponatremia in traumatic brain injury varies widely in literature. Sherlock et al
reported an incidence of 9.6% (13), Moro et al in a retrospective analysis of 298 patients with TBI documented
an incidence of 16.8% (17), Meng X et al found that one third of their patients with TBI had hyponatremia (18)
and Yumoto et al have reported an incidence of 51%(19).

In our study the incidence of hyponatremia was 24.25%. More than half of our patients had moderate
hyponatremia (53.58%) but 17.70% developed severe hyponatremia although serum sodium was checked either
daily or on alternate days during the acute phase of the admission. Subarachnoid haemorrhage was the most
common radiological abnormality observed in this cohort (53.58 %).

Differentiating between SIADH and CSW:

SIADH and CSW are the two common etiologies for hyponatremia with natriuresis in TBI. The exact
incidence, pathophysiology and accurate clinical distinction between these two entities remain unclear (16, 17).
SIADH is often over diagnosed because fluid restriction does raise the serum sodium even in patients with
hyponatremia due to other reasons, and this is taken as proof of the diagnosis. Vingerhoets et al in their
prospective study of 256 patients with TBI identified true SIADH as a cause of hyponatremia in only three out
of the six suspected SIADH patients (20). Nelson et al demonstrated reduced blood volumes in 10/12 patients
with clinical STADH emphasizing the fact that the primary problem is the failure of the kidneys to conserve
sodium. In a setting of TBI, the use of osmotic diuretics such as mannitol and the presence of an impaired
hypothalamo-pituitary adrenal (HPA) axis, would compound the difficulty of diagnosing SIAD. Diringer et al
demonstrated that patients on fluid restriction for management of a presumed SIADH are at a higher risk of
developing delayed ischaemic neurological deficits (21). Wijdicks et al in their retrospective study of 134
patients with subarachnoid haemorrhage concluded that restricting fluids for correction of hyponatremia was
potentially dangerous and resulted in cerebral infarction (22). There are innumerable laboratory tests suggested
to establish the etiology of hyponatremia but none of them are conclusive. Since accurate differentiation
between SIADH and CSW is difficult without expensive and scarce laboratory tests, we felt it was not worth
attempting such a differentiation on a routine basis for all patients with hyponatremia. Salt retaining therapy - an
alternative approach: Since fluid restriction is potentially hazardous and hyponatremia in TBI is commonly
associated with natriuresis, salt retaining therapy using an agent with mineralocorticoid properties would be a
logical option in managing such patients. Moro et al recommended the use of salt retaining therapy in managing
hyponatremia associated with TBI. Mori et al in a prospective study of thirty patients with aneurysmal SAH
demonstrated improved efficacy of hypervolemic therapy, when coupled with the inhibition of natriuresis using
fludrocortisone. Tolvaptan was used in 38.40% (50/130) of our patients and we found that they had a
significantly reduced hospital stay.

V. Conclusions
Early institution of tolvaptan for management of hyponatremia with natriuresis in TBI decreases the
hospital stay significantly without any side effects. This simple approach, especially in a setting where fluid
restriction might be deleterious, helps in the successful management of hyponatremia without the need to
differentiate STADH and CSW. However our study has limitation that this was a retrospective study and there
was no protocol followed for the administration of tolvaptan.
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