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Abstract:
This article will utilise a case seen in clinical practice who presented with hyponatraemia post stroke. Strokes are a common occurrence in the United Kingdom and evidence suggests that 50% of these cases will develop some form of sodium and water imbalance (Yuen and Sharf, et al, 2021), associated with increased mortality and morbidity. Hyponatraemia in acute stroke is commonly caused by either syndrome of inappropriate secretion of anti-diuretic hormone or cerebral salt wasting syndrome (Liamis and Barkas, et al, 2019). This article will discuss these two separate entities which require different treatment approaches and moreover, will reflect on the treatment decisions of the practitioner, who, after exploring the literature around hyponatraemia, reversed their initial treatment decision. 
Introduction:
This article will utilise a case study from practice to examine hyponatraemia in the context of acute stroke. In this care episode, an advanced clinical practitioner (ACP) experienced some ambiguity over the management of a patient with hyponatraemia. Once treatment was initiated it was deemed prudent to further scrutinise whether this decision was correct and therefore a rapid review of the literature was conducted which ultimately led to the reversal of their initial treatment decision. 
The case study in question involved an 84-year-old lady with hyponatraemia of unknown cause on a Care of the Elderly ward. Pathology investigations revealed low serum sodium levels and decreased serum osmolality (table 1), with raised urinary sodium levels and elevated urine osmolality. Whilst reviewing results of investigation, it was discovered that a computerised tomography (CT) scan of her head taken earlier that day revealed a left-brain stem infarct, involving the left side of midbrain and cerebral peduncle. The patient’s serum sodium levels had further fallen to 119mmol/L from 125 mmol/L, and the nurse caring for the patient requested a review to confirm whether to administer a prescribed litre of normal saline. 
Clinical examination of the patient suggested that she was euvolaemic, and the remainder of her urea and electrolytes were within normal range. The working diagnosis was hyponatraemia caused by acute stroke, the management of which had not been experienced by the ACP before. This prompted some wider reading and research in order to decide on the appropriate treatment for the patient. Initially, the decision was made to administer the normal saline slowly to the patient, as the serum sodium levels had still fallen in spite of fluid restriction, suggesting that this was not the correct course of action. However, after further reading, it was quickly decided to stop the IV fluids and to request further osmolality investigations in order to guide further management. 
Epidemiology
Approximately 100,000 strokes are diagnosed in the United Kingdom annually, with a further 1.3 million people estimated to be living with the effects of stroke, (NICE, 2022). It is the second leading cause of death globally, (Donkor, 2018) and carries an estimated societal burden of £26 billion when considering provision of formal and non-formal care, as well as loss of productivity and disability allowances, (Patel and Berdonov, et al, 2020). Risk factors of stroke primarily include cardiovascular diseases, as well as lifestyle choices such as smoking, poor diet and lack of exercise, (Donkor, 2018). However, age is the strongest indicator of stroke, with risk of stroke doubling every decade after the age of 55, (Donkor, 2018). Sodium and water imbalances are common in acute stroke, occurring in around 50% of cases, (Yuen and Sharf, et al, 2021) and is associated with higher morbidity and mortality, (Liamis and Barkas, et al, (2019). 
Hyponatraemia
Hyponatraemia is categorised as a serum sodium concentration of below 135mmol/L (Zhang and Li, 2020), and is the most common electrolyte disturbance in both primary and secondary care, (Woodward and Gonski, et al, 2018). It is often encountered in hospitalised patients, with an approximate incidence of 15-30%, (Zhang and Li, 2020). The elderly are particularly susceptible to hyponatraemia due to increased incidence of co-morbidities, polypharmacy, changes in homeostasis and decline in cognitive function, (Zhang and Li, 2020), with one study finding 18% of a population of care home for the elderly residents having chronic hyponatraemia, (Woodward and Gonski, et al, 2018). 
Sodium is essential in the regulation of plasma membrane potential and electrolyte and fluid homeostasis within the body. It constitutes nearly half of the osmolality of extracellular fluid, (Tortora and Derrickson, 2014). The flow of sodium through voltage-gated channels in plasma membranes is vital for the generation and conduction of action potentials for the transmission of impulses across neurons and muscle contraction, (Tortora and Derrickson, 2014). As such, many of the early symptoms of hyponatraemia manifest as neurological and muscular disturbances.
Symptoms of hyponatraemia exist on a spectrum of severity, with mild deficiency potentially presenting as headache, fatigue, muscle cramps, falls and forgetfulness, (Yuen and Sharf, et al, 2021). As serum sodium levels decrease, so too does the interstitial osmolality. This causes an osmotic shift of fluid to the intracellular spaces leading to water intoxication, whereby cells begin to swell, (Tortora and Derrickson, 2014). The resultant intracerebral oedema produces severe symptoms such as seizures, coma and eventually death, (Woodward and Gonski, et al, 2018). 
Fluid Homeostasis
The pathophysiology behind the dysregulation of sodium is notoriously complicated, and its comprehension has always been a challenge to the lead author. In order to better understand the physiological processes involved in this case study, it is helpful to revise the mechanisms involved for normal homeostasis. 
Sodium dissociates in fluid to produce positively charged ions, and constitutes 90% of the cations residing in extracellular fluid, (Tortora and Derrickson, 2014). Water and sodium are interdependent via the process of osmosis, and so the movement and volume of total body water directly affects the serum levels of sodium. Similarly, sodium regulation is directly associated with fluid balance within the body, which is achieved when the correct proportion of water and solutes are spread throughout the different fluid compartments, (Tortora and Derrickson, 2014). Osmolality can be defined as the ratio of solutes to water in a given fluid, (Yuen and Sharg, et al, 2021). Studies investigating the relationships between hyponatraemia and acute stroke have found that hyponatraemia in stroke patients predominantly tends to be hypo-osmolar, (Ehtesham and Mohmand, et al, 2019), indicating that excess sodium is being excreted from the body.
Water homeostasis is regulated by the release of various hormones along with the thirst centre located in the hypothalamus.  Arguably, the most significant hormone is the antidiuretic hormone (ADH). ADH is synthesised in the hypothalamus and stored in the posterior pituitary gland, (Liamis and Barkas, et al, 2019). Its release is largely triggered by serum hyperosmolality detected by osmoreceptors within the hypothalamus, (Yuen and Shaf, et al, 2021), as well as changes in circulating volume, identified by baroreceptors situated in the carotid arteries and aortic arch, (Yuen and Sharf, et al, 2021). However, secretion can also be stimulated by nausea, stress and some medications, (Liamis and Barkas, et al, 2019). 
ADH promotes the reabsorption of water via the distal convoluted tubule and throughout the renal collecting ducts by stimulating the insertion of aquaporin-2-containing vesicles into the apical membrane of principal cells, (Tortora and Derrickson, 2014). This increases the permeability of the membranes, enabling reabsorption of water and its return back into the circulating blood, (Tortora and Derrickson, 2014). Consequently, urine output is reduced and concentration increased, (Yuen and Sharf, et al, 2021).  Meanwhile, simultaneous activation of the thirst centre stimulates the intake of water, thereby increasing plasma volume and normalising serum osmolality, (Yuen and Sharf, et al, 2021). 
Other important hormones in terms of water homeostasis are angiotensin II and atrial natriuretic peptide, (ANP). Angiotensin II is part of the renin-angiotensin system, responsible for the control of blood pressure, (Forrester and Booz, et al, 2018). It stimulates the release of aldosterone, which in turn promotes the reabsorption of sodium and chloride ions, increasing the reabsorption of water by osmosis and reducing urine output, (Tortora and Derrickson, 2014). ANP, on the other hand, increases urine output by promoting the urinary excretion of sodium with water via natriuresis, (Tortora and Derrickson, 2014). It is secreted from cells within the right atrium in response to atrial stretching from hypervolaemia, (Sandefur and Jialal, 2021). 
By understanding the process of water homeostasis and its relationship with sodium, it is then deducible that hyponatraemia is caused by factors that either cause too much water retention or too much sodium secretion via the kidneys. This can be due to a variety of causes.
Possible causes of hyponatraemia
Primary polydipsia causes hyponatraemia by exceeding the capacity of normal renal excretion, generally between and 10 and 15 litres per day, (Liamis and Barkas, et al, 2019), resulting in excess body water. Certain drugs, such as thiazide diuretics, selective serotonin reuptake inhibitors and carbamazepine, reduce sodium levels, (Woodward and Gonski, et al, 2018). Existing comorbidities can cause a chronic hyponatraemia owing to their ongoing effect on water homeostasis. For example, chronic kidney disease affects renal excretion of water whereas congestive heart failure leads to water retention, (Yuen and Shark, et al, 2021). Hyperglycaemia in diabetes mellitus causes an osmotic fluid shift into the extracellular space, resulting in a non-hypotonic hyponatraemia, (Woodward and Gonski, et al, 2018). Endocrine causes include hypothyroidism and hypoadrenalism, (Tortora and Derrickson, 2014). Finally, syndrome of inappropriate secretion of ADH (SIADH) should be considered in euvolaemic patients, which can arise as a complication of pharmacological interventions, pulmonary infections, central nervous system disorders, or be idiopathic, as is frequently the case in the elderly population, (Woodward and Gonski, et al, 2018). 
Hyponatraemia and acute stroke
It is worth noting that any of the factors listed above can occur concurrently with an acute stroke. Other causes for hyponatraemia associated with acute stroke include poor oral intake and miscalculated intravenous fluid administration, as well as side effects from some of the treatment for stroke, such as mannitol or certain antihypertensives, (Liamis and Barkas, et al, 2019). In addition, pain and anxiety related to the treatment and diagnosis can stimulate the release of ADH, which has the potential to lead to SIADH, (Liamis and Barkas, et al, 2019).
[bookmark: _Hlk139537328]In the context of acute stroke, hyponatraemia is commonly caused by either SIADH or cerebral salt wasting syndrome, (Liamis and Barkas, et al, 2019). These are two separate processes that can both arise as a result of an injury to the brain but have opposite mechanisms of action requiring different treatment approaches. Essentially, SIADH leads to water retention, whereas cerebral salt wasting syndrome results in increased secretion of sodium. 
The pathophysiology relating to hyponatraemia and acute stroke is not yet proven, but it has been hypothesised that SIADH is caused due to an increase in ADH production because of damage to the hypothalamus caused by ischaemia or haemorrhage, (Liamis and Barkas, et al, 2019). In the case of cerebral salt wasting syndrome, one thought is that intracranial pathology leads to an increase in brain natriuretic peptide (BNP), which enters the circulation and inhibits sodium reabsorption in the collecting tubules of the kidneys as well as supressing the secretion of renin, (Hoai and The, et al, 2020). There is also a theory that impaired renal sympathetic neural input from the damaged brain may also contribute to excessive sodium urinary excretion, (Liamis and Barkas, et al, 2019). These postulations could be significant when contemplating the aforementioned case study, given the proximity of the patient’s stroke in the midbrain to the hypothalamus. It is, however, noteworthy that the patient did not display any specific clinical signs of stroke. Her only symptoms were of lethargy and dizziness, which could also be attributed to hyponatraemia, (Ehtesham and Mohmand, et al, 2019). 
The evidence exploring the link between acute stroke and hyponatraemia is limited and contradictory. Disturbances in sodium regulation are thought to be present in around 50% of incidences of acute stroke, (Yuen and Sharf, et al, 2021). Hyponatraemia has been found to be the most common electrolyte disturbance in acute stroke, (Pradhan, Majhi and Panigrahi, 2018), with a prevalence of 10-60%, (Shima and Niimi, et al, 2020). 
Studies surrounding hyponatraemia and acute stroke could be described as inconsistent owing to the varying foci of the investigations. For example, there are very few papers that explore hyponatraemia and stroke as a broad concept, with many focusing purely on haemorrhagic stroke, (Mahesar and Memon, et al, 2019) or ischaemic stroke exclusively, (Shah and Sabir, et al, 2019). A possible reason for this could be the significant human and financial resources required for meaningful research into such a broad topic area.  An attempt to address some of these disparities was made in a prospective observational study conducted by Ehtesham and Mohmand, et al, (2019), which aimed to derive data from both categories of stroke, as well as cerebral location. 
The study was undertaken in a single centre, and found that 34.2% of patients admitted with acute stroke were hyponatraemic on admission, (Ehtesham and Mohmand, et al, 2019). This prevalence is comparable to figures quoted in other studies, (Liamis and Barkas, et al, 2019). The results also suggested an increased association between ischaemic strokes and hyponatraemia compared to haemorrhagic strokes. SIADH was the predominant cause of hyponatraemia compared to cerebral salt wasting syndrome in the context of ischaemic stroke at 75.6% and 61.5% respectively, a trend mirrored in haemorrhagic strokes. In this subgroup, SIADH accounted for 61.5% of causes of hyponatraemia compared to 38.5% cerebral salt wasting syndrome, (Ehtesham and Mohmand, et al, 2019). 
Location of ischaemic stroke
In terms of location of ischaemic stroke, the study found that the left middle cerebral artery (MCA) was associated with the highest rates of SIADH, whereas the right MCA was predominantly associated with CSWS, (Ehtesham and Mohmand, et al, 2019). This corroborated findings from a previous study by Saleem and Yousuf, et al, (2014). 
This study by Ehtesham and Mohmand, et al, (2019) is useful as it provides more detailed statistics regarding trends of hyponatraemia according to the type and location of stroke, which can be useful in the clinical decision making process of formulating a management plan for these patients. However, there are some limitations. It was a single centre study, which may mean it is vulnerable to selection bias according to the population demographic in the region of that centre. Further research may be needed in other regions for comparison and to enhance the robustness of the data. Additionally, patients who were hyponatraemic on admission were identified as eligible to participate in the study. This was to discount the possibility of iatrogenic causes for the low sodium serum levels, (Ehtesham and Mohmand, et al, 2019). This method fails to eliminate the option of chronic hyponatraemia as an independent causative factor, (Chen, Jia and Liu, 2019). However, this may be impossible to avoid in the absence of available blood results conducted in the community.
Similarly, although widely acknowledged that hyponatraemia is linked to increased mortality in stroke patients, (Liamis and Barkas, et al, 2019), there are disparities when exploring the relevant literature. A systematic review and meta-analysis by Shima and Niimi, et al, (2020) examined articles in order to establish the effect of hyponatraemia on mortality and length of hospital admission in acute stroke patients. The results suggested that 90 day mortality rate was increased by 1.7 times and extended hospital stay by an average of 11 days where hyponatraemia was present in ischaemic stroke, whereas no relationship was identified between hyponatraemia and mortality in patients with haemorrhagic strokes, (Shima and Niimi, et al, 2020). However, this is contradicted in a similar systematic review and meta-analysis conducted by Chen, Jia and Liu (2019). They found that hyponatraemia was associated with increased short term mortality in patients with both ischaemic and haemorrhagic stroke, with hyponatraemia affecting the long term mortality in patients with haemorrhage stroke but not ischaemic stroke, (Chen, Jia and Liu, 2019). 
An observation made of the available literature reviewed for this assignment was that the studies were all predominantly conducted in Asian countries. It could be useful, therefore, to consider undertaking this research in the United Kingdom (UK) or other Western countries to ascertain whether there are any similarities or discrepancies given the potential differences in diet and salt intake, as well as lifestyle variations that could predispose individuals to risk of stroke.
Although there are currently no specific guidelines for the management of hyponatraemia in acute stroke, the basic general management for hyponatraemia seems to remain the same, in that a detailed history and accurate clinical examination of volume status is key to ascertain treatment options, (Yuen and Sharf, et al, 2021). It is not possible to discuss all potential clinical findings and treatment options, and so the focus will remain on SIADH and cerebral salt wasting syndrome.
Differentiation between SIADH and cerebral salt wasting syndrome 
It is widely agreed that it is extremely difficult to differentiate between SIADH and cerebral salt wasting syndrome, given that they can have identical laboratory findings of normal renal, thyroid and adrenal function, high urine sodium levels and high urine osmolality, (Liamis and Barkas, et al, 2019). However, they have opposing course of management, which could prove detrimental to the patient if misjudged, (Hoai and The, et al, 2020). In cerebral salt wasting syndrome, the patient is dehydrated, and sodium levels are depleted, and so intravenous isotonic saline is required, (Hoai and The, et al, 2020). Conversely, intravenous fluids would have a negative impact on SIADH, as increased fluid volume is not sufficient to suppress the surplus ADH, ultimately leading to further water retention and worsening hyponatraemia, (Yuen and Sharf, et al, 2021). Anecdotally, clinical diagnosis of fluid status can be problematic, with conflicting conclusions documented by varying clinicians in medical notes. Liamis and Barkas, et al, (2019) offer a general guidance whereby a patient with intracranial pathology and hyponatraemia, in the absence of oedema or unambiguous signs of hypovolaemia such as reduced blood pressure or acute kidney injury should be presumed to have SIADH, (Liamis and Barkas, et al, 2019). However, other authors have advised caution with routine fluid restriction in this patient group owing to the risk of hypoperfusion on a background of an impaired cerebral circulation, (Shima and Niimi, et al, 2020). 
Change in treatment management plan:
Following a rapid review of the evidence, the lead author decided to change the management of the patient and to restrict fluids whilst waiting for repeat osmolality investigations. The rationale for this was that the patient was found to be euvolaemic on examination, and statistically the hyponatraemia was most likely to be driven by SIADH, (Ehtesham and Mohmand, et al, 2019). The matched osmolality testing and urinary sodium would provide further information on whether the patient was sodium depleted or retaining water, and enable a more informed approach to management. Frequent serum and osmolality monitoring are vital in the management of hyponatraemia in order to detect any sudden changes that may result in more severe, life threatening symptoms or osmotic demyelination syndrome from correcting the levels too rapidly, (Liamis and Barkas, et al, 2019). 
Conclusion
The review of the available evidence has highlighted the ultimate need for further robust research to investigate the causal links between acute stroke and hyponatraemia. In particular, more research in this topic within western culture may be useful to guide and influence management in this patient group locally. It remains unclear whether the patient’s hyponatraemia was unequivocally due to acute stroke. However, what is clear is that the management of hyponatraemia is essentially the same regardless of its aetiology, and hinges on thorough clinical assessment and history taking. Going forward, the evidence does suggest a strong association between hyponatraemia and acute stroke, and so intracranial pathology in a hyponatraemic, euvolaemic patient could be considered as a differential diagnosis in future presentations. 
Table 1: Serum Osmolarity Assessing a person with hyponatraemia | Diagnosis | Hyponatraemia | CKS | NICE (accessed 7th July 2023)
	Serum osmolality is a measure of the number of osmotically active solute particles (such as sodium) per kilogram of serum. It can help differentiate between hypertonic (or hyperosmolar) hyponatraemia, pseudo-hyponatraemia (or osmotic hyponatraemia), and hypotonic (or true) hyponatraemia.
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