
The Journal of Clinical Endocrinology & Metabolism, 2022, 107, 2362–2376
https://doi.org/10.1210/clinem/dgac245
Advance access publication 3 May 2022
Approach to the Patient

Received: 18 January 2022. Editorial Decision: 15 April 2022. Corrected and Typeset: 1 June 2022
© The Author(s) 2022. Published by Oxford University Press on behalf of the Endocrine Society. All rights reserved. For permissions, please e-mail: 
journals.permissions@oup.com

Approach to the Patient: Hyponatremia and the Syndrome 
of Inappropriate Antidiuresis (SIAD)
Julie Martin-Grace,1,  Maria Tomkins,1,  Michael W. O’Reilly,1,  Chris J. Thompson,1 and 
Mark Sherlock1,

1Academic Department of Endocrinology, Beaumont Hospital and Royal College of Surgeons in Ireland, Dublin, Ireland.
Correspondence: Mark Sherlock, MD, PhD, Academic Department of Endocrinology, Beaumont Hospital and Royal College of Surgeons in Ireland, Dublin 9, 
Ireland. E-mail: Marksherlock@rcsi.ie.

Abstract
Hyponatremia is the most common electrolyte disturbance seen in clinical practice, affecting up to 30% of acute hospital admissions, and is 
associated with significant adverse clinical outcomes. Acute or severe symptomatic hyponatremia carries a high risk of neurological morbidity 
and mortality. In contrast, chronic hyponatremia is associated with significant morbidity including increased risk of falls, osteoporosis, fractures, 
gait instability, and cognitive decline; prolonged hospital admissions; and etiology-specific increase in mortality. In this Approach to the Patient, 
we review and compare the current recommendations, guidelines, and literature for diagnosis and treatment options for both acute and chronic 
hyponatremia, illustrated by 2 case studies. Particular focus is concentrated on the diagnosis and management of the syndrome of inappropriate 
antidiuresis. An understanding of the pathophysiology of hyponatremia, along with a synthesis of the duration of hyponatremia, biochemical 
severity, symptomatology, and blood volume status, forms the structure to guide the appropriate and timely management of hyponatremia. We 
present 2 illustrative cases that represent common presentations with hyponatremia and discuss the approach to management of these and 
other causes of hyponatremia.
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Case 1
A 55-year-old woman presented to the emergency department 
accompanied by a family member, who volunteered that she had 
reported headaches and nausea the previous evening and this 
morning had vomited and appeared confused. She had recently 
commenced a selective serotonin reuptake inhibitor (SSRI). On 
examination, the patient was drowsy and clinically euvolemic with 
no evidence of trauma or infection. Her weight was 49 kg (body 
mass index 19 kg/m2), and collateral history revealed a history of 
alcohol excess. Laboratory investigations were as follows: urea 
2.1 mmol/L, creatinine 63 μmol/L, sodium 113 mmol/L, and potas-
sium 4.4 mmol/L. Samples were sent for urine osmolality, urinary 
sodium, thyroid function, and serum cortisol concentration.

Case 2
A 72-year-old man was referred complaining of a persistent 
cough, occasional blood-streaked sputum, and uninten-
tional weight loss. Initial biochemistry was as follows: urea 
3 mmol/L, creatinine 87 μmol/L, sodium 124 mmol/L, and 
potassium 4.8  mmol/L. On clinical examination, he was 
clinically euvolemic. Paired urine sodium and osmolality 
were 46 mmol/L and 340 mOsm/kg, respectively. Morning 
serum cortisol concentration was 487 nmol/L (17.7 µg/dL), 
and he was biochemically euthyroid. Imaging studies de-
tected a suspicious lung lesion, and histology of a computed 
tomography–guided biopsy confirmed a diagnosis of small-
cell lung cancer.

Prevalence of Hyponatremia
Hyponatremia is the most commonly encountered electrolyte dis-
turbance in clinical practice (1). In a hospitalized patient cohort, 
the reported incidence of hyponatremia is 15% to 30% (2-4); 
however, severe hyponatremia (<125 mmol/L) is less common 
and is reported in 0.5% to 3% of hospitalized patients (2, 5).

Physiology of Salt and Water Balance
Plasma sodium concentration is the principle determinant of 
plasma osmolality (6), and both plasma sodium and osmolality 
are maintained within a narrow physiological range by osmot-
ically regulated arginine vasopressin (AVP) secretion and the 
sensation of thirst (7) (Fig. 1). A change in plasma osmolality is 
detected by specialized neurones in the circumventricular organs 
of the anterior hypothalamus. AVP is synthesized in the para-
ventricular and supraoptic nuclei of the hypothalamus and is 
transported as a prohormone, in conjunction with copeptin and 
neurophysin, to the posterior pituitary where it is stored in nerve 
termini in secretory granules. Elevation of plasma osmolality is 
the principal physiological stimulus that causes cleavage of the 
prohormone and release of AVP and copeptin into the systemic 
circulation (8). AVP binding to the vasopressin 2 receptor on the 
cell surface of the renal collecting ducts leads to intracellular gen-
eration of aquaporin 2 (AQ-2) and translocation of preformed 
AQ-2 to the luminal membrane of the collecting duct, where 
AQ-2 is inserted to form a water channel. This renders the mem-
brane permeable to free water, promoting reabsorption of water 
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from the renal tubules and reducing renal free water loss (9) (Fig. 
2). Coincidentally, rising plasma osmolality stimulates thirst per-
ception, which starts at a similar osmolar threshold to the release 
of AVP (10), driving water intake. The combination of free water 
intake and the antidiuretic effect of AVP activity results in an in-
crease in plasma free water and a reduction in plasma osmolality 
and sodium concentration.

Mineralocorticoid and glucocorticoid activity will also influ-
ence salt and water homeostasis (11). Aldosterone action in the 
renal distal tubules and collecting ducts promotes expression of 
apical epithelial sodium channels and the Na+/K+/ATPase, re-
sulting in increased reabsorption of both sodium and water (12). 
Cortisol also plays an integral role in the regulation of free water 
excretion (13).

Hyponatremia is almost always associated with hypoton-
icity, or hypo-osmolality (plasma osmolality < 280 mOsm/
kg) (14). However, there are 2 circumstances where plasma 
sodium concentration and plasma osmolality diverge: 
pseudohyponatremia and isotonic/hypertonic hyponatremia.

Pseudohyponatremia is an artifactual decrease in plasma 
sodium concentration due to displacement of free water in 
plasma by very high concentrations of lipids or proteins, which 
interfere with the accurate measurement of sodium; however, 
plasma osmolality remains normal (15). Isotonic/hypertonic 
hyponatremia occurs when unmeasured solutes other than 

sodium (such as glucose or mannitol) are present and contribute 
to plasma osmolality (7). An important clinical example of this 
occurs with significant hyperglycemia, which in addition to 
glucose-mediated osmotic diuresis, can be associated with either 
iso- or hypertonic hyponatremia, and therefore the effect of glu-
cose should be corrected for in this setting (16). If the rate of 
fall in glucose exceeds the rate of plasma sodium increase—for 
example, during treatment with intravenous insulin in patients 
with significant hyperglycemia—then plasma osmolality can fall 
quickly, with the risk of associated cerebral edema. Therefore, 
care should be taken to control the rate of glucose lowering (17).

Etiology of Hyponatremia
The etiology of hypotonic hyponatremia can be divided into 3 
main groups based on the clinical volume status of the patient. 
Hyponatremia can also be further classified by acuity of onset, bio-
chemical severity, and the presence and severity of associated symp-
toms, which will be discussed in detail later in this review (Table 1).

Hypovolemic Hyponatremia
Hypovolemic hyponatremia occurs due to a loss of both total 
body water and plasma sodium. Reduction in circulating blood 
volume stimulates baroregulated AVP secretion despite hypoton-
icity, which, combined with sodium losses (renal or nonrenal), 
leads to a greater sodium loss relative to total body water losses 
(11). Thiazide diuretic use is an important cause of hypovolemic 
hyponatremia, causing both renal sodium loss and hypotension 
(stimulating baroregulated AVP secretion) (18). Thiazide-induced 
hyponatremia is frequently accompanied by hypokalemia (19). 
Other renal sodium losses include mineralocorticoid deficiency, 
salt-wasting nephropathies, and, rarely, cerebral salt wasting 
(18). Nonrenal sodium losses include gastrointestinal loss due to 
vomiting or diarrhea and transdermal loss.

Cerebral salt-wasting syndrome
Cerebral salt-wasting syndrome (CSWS) was originally de-
scribed in 1950 by Peters et al, who described hyponatremia 
and a natriuresis observed in a neurosurgical setting 
(20). However, the degree to which CSWS contributes to 
hyponatremia has remained controversial (21-23). Reported 
prevalence of CSWS varies significantly (23), which may be 
due to the challenge in distinguishing CSWS from syndrome 
of inappropriate antidiuresis (SIAD) and in the inherent chal-
lenges in accurate volume status assessment (21, 23-25). 
Table 2 highlights the differences between CSWS and SIAD 
(Table 2). Two studies performed in our center concluded that 

Figure 1.  Water homeostasis. Abbreviations: AVP, arginine vasopressin; 
pOsm, plasma osmolality. Adapted from Hannon et al (8). 

Figure 2.  Renal response to vasopressin. Abbreviations: AQ-2, aquaporin 
2 channel; ATP, adenosine triphosphate; AVP, arginine vasopressin; 
cAMP, cyclic adenosine monophosphate; PKA, protein kinase A; V2R, 
vasopressin receptor type 2.

Table 1.  Classification of hyponatremia

Biochemical Symptoms 

Mild 130-135mmol/ Mild

Moderate 125-129 mmol/L Moderate

Profound/Severe < 125 mmol/L Severe

Etiology Acuity of onset 

Hypovolemic Acute < 48 hours

Euvolemic Chronic > 48 hours

Hypervolemic

Adapted from Spasovski et al and Verbalis et al (7, 18).
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CSWS is a rare cause of hyponatremia in a neurosurgical set-
ting (24, 25).

Euvolemic Hyponatremia
Euvolemic hyponatremia is the commonest form of 
hyponatremia in hospitalized patients (11). Total body so-
dium remains unchanged; however, a relative increase in total 
body water, not appreciable on clinical examination, results in 
a dilutional hyponatremia (26). This can occur due to excess 
free water intake in the context of impaired free water excre-
tion or, less commonly, low solute intake (18). While the ma-
jority of euvolemic hyponatremia is caused by SIAD, careful 
clinical assessment is essential to assess for other causes of 
euvolemic hyponatremia (eg, glucocorticoid deficiency, which 
is frequently overlooked, and hypothyroidism, which is an ex-
tremely rare cause of hyponatremia).

Syndrome of inappropriate antidiuresis
SIAD was first described in the 1950s in 2 patients with 
lung cancer (27). Since then, it has been described in associ-
ation with a wide range of disorders (28, 29) (Table 3). The 
diagnostic criteria first described by Bartter and Schwartz 
remains largely unchanged and must be fulfilled before a 
diagnosis of SIAD can be made (Table 4) (30). SIAD is the 
most common cause of hyponatremia in hospitalized pa-
tients, accounting for up to 46% of cases of hyponatremia 
in an unselected population (31). There are 4 subtypes of 
SIAD (types A, B, C, and D), which can be differentiated 
by measuring the AVP (or copeptin) response to an osmotic 
stimulus (32, 33) (Fig. 3). Types A and B SIAD are the most 
common subtypes encountered; however, the delineation of 
the subtype of SIAD is rarely required in clinical practice.

Glucocorticoid deficiency
Glucocorticoid deficiency is associated with an inappropriately 
elevated AVP concentration relative to plasma osmolality and 
a reduction in effective renal free water clearance, resulting in 
an increase in total body water (35). Glucocorticoid-deficient 
animal models demonstrate increased expression of AQ-2 
and higher AVP concentration following a free water load 
than those with intact adrenal function (13, 35, 36), which 
reverses once glucocorticoid replacement has been initiated 
(37, 38). Primary adrenal insufficiency classically presents 
with hypovolemic hyponatremia due to a combination of 
both glucocorticoid and mineralocorticoid deficiency (39). 
Hyponatremia due to secondary adrenal insufficiency is typ-
ically euvolemic (as the renin-angiotensin-aldosterone system 
remain intact) and indistinguishable clinically from SIAD 

(31, 37, 40, 41). In a large, single-center prospective study of 
euvolemic hyponatremia, 4% of patients initially classified as 
SIAD were found to have undiagnosed adrenocorticotropin 
deficiency (31).

Thyroid-stimulating hormone deficiency
The diagnostic criteria for SIAD require the exclusion of 
hypothyroidism; however, in clinical practice, hyponatremia 
due to hypothyroidism is extremely rare and only seen in pa-
tients with profound hypothyroidism (42).

Exercise-induced hyponatremia
Exercise-induced hyponatremia is defined as hyponatremia 
that develops during or within 24 hours of exercise (43) and is 
typically associated with long-distance and endurance sports 
(43-47). Exercise is a nonosmotic stimulus of AVP secretion 
(48, 49), and when large quantities of hypotonic fluids are 
ingested, acute hyponatremia may develop (46), which can be 
fatal if untreated (50). Consequently, fluid intake according to 
thirst is currently recommended to prevent exercise-induced 
hyponatremia (43, 51). This area has been extensively re-
viewed by Hew-Butler et al (50, 51).

High water and low solute intake
If large volumes of fluid are consumed with relatively low 
solute intake, fluid intake may exceed the renal capacity 

Table 2.  Differentiating the syndrome of inappropriate antidiuresis from 
cerebral salt-wasting syndrome

 SIAD CSWS 

Plasma Na Low Low

Blood urea Low Elevated

BP Normal Low/ postural drop

Urine volume Low High

Urine Na >40 mmol/L >>40 mmol/L

CVP Normal Low

Abbreviations: BP, blood pressure; CSWS, cerebral salt-wasting 
syndrome; CVP, central venous pressure; Na, sodium; SIAD, syndrome of 
inappropriate antidiuresis.

Table 3.  Causes of syndrome of inappropriate antidiuresis

Causes of SIAD 

Malignancy  
  Lung cancer (small cell carcinoma, non-small cell, mesothelioma, 

thymoma)  
  CNS tumors  
  Head and neck tumors  
  Hematological (leukemia, lymphoma)  
  Urological (bladder, urethral, prostate)  
  Gastrointestinal (duodenal, pancreatic)

Central nervous system  
  Trauma  
  Vascular insult (SAH, SDH, stroke)  
  Infection (meningitis, encephalitis, abscess)  
  Inflammation (GBS, SLE, MS)

Medications  
  Chemotherapy (vincristine, cyclophosphamide)  
  Psychiatric (SSRI, TCA, clozapine, phenothiazines)  
  Other: omeprazole, nicotine, oxytocin, clofibrate, carbamazepine

Respiratory  
  Infectious: pneumonia, Sars-CoV-2 pneumonitis, TB, empyema  
  Mechanical: COPD, acute respiratory failure, positive pressure 

ventilation

Other  
  Nausea  
  Pain  
  Prolonged exercise  
  Surgery  
  Activating mutations of V2 receptor

Idiopathic

Abbreviations: CNS, central nervous system; COPD, chronic obstructive 
pulmonary disease; GBS, Guillain-Barre syndrome; MS, multiple sclerosis; 
SAH, subarachnoid hemorrhage; SIAD, syndrome of inappropriate 
antidiuresis; SLE, systemic lupus erythematosus; SSRI, selective serotonin 
reuptake inhibitors; TCA, tricyclic antidepressants; V2 receptor 
vasopressin-2 receptor.
Sources: Adapted from Williams Textbook of Endocrinology, 14th Edition 
(34) and Adrogué et al (29). 
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to excrete free water, expanding total plasma free water 
relative to total body sodium (7). This phenomenon is ob-
served in those who consume large volumes of beer (beer 
potomania) (52, 53) or, occasionally, in those with hypo-
tonic fluid consumption in combination with low protein 
diets (54). Patients with primary polydipsia may also present 
with hyponatremia if water intake exceeds renal capacity 
for excretion despite maximal suppression of AVP activity 
(7). A recent study by Sailer et al describing the character-
istics of patients with severe hyponatremia due to primary 
polydipsia reported an additional nonosmotic stimulus for 
AVP was found in all cases, the most common cause being 
medication (55).

Hypervolemic Hyponatremia
Hypervolemic hyponatremia is seen in cardiac, liver, and 
renal failure and results from an expansion of both total 
body water and sodium, with a relatively greater increase in 
free water than sodium (26). A fall in mean arterial pressure 
stimulates baroregulated AVP secretion and activation of the 
renin-angiotensin-aldosterone system (with the development 
of secondary hyperaldosteronism), resulting in a relative ex-
cess of total body water and a reduction in both plasma osmo-
lality and sodium concentration (7, 11, 56). The presence of 

hyponatremia is associated with a poor prognosis in patients 
with heart failure (57, 58), chronic kidney disease (59, 60), 
and decompensated liver disease (61, 62).

Morbidity and Mortality Associated With 
Hyponatremia
Mortality in Acute Hyponatremia
Acute hyponatremia is associated with significant morbidity 
and mortality (Fig. 4). The reduction in plasma osmolality 
that accompanies acute, severe hyponatremia results in os-
motic movement of water from the low osmolality plasma 
into the normal osmolality brain before intracellular electro-
lytes and organic osmolytes can be extruded as an adaptive 
response (63). This results in cerebral edema (25), with as-
sociated increased intracranial pressure causing neurological 
compromise and ultimately brainstem herniation (26, 64). 
Acute or severe symptomatic hyponatremia carries a high 
mortality rate if untreated (65).

Mortality in Chronic Hyponatremia
Chronic hyponatremia is associated with an increased 
in-hospital mortality risk (66-70) compared to normonatremic 
controls, which persists up to 1 year following discharge (71). 
The mortality risk associated with hyponatremia varies, de-
pending on the underlying etiology. A  prospective, single-
center study carried out in our institution reported that 
SIAD was associated with an increased mortality risk com-
pared with normonatremic controls. The mortality risk was 
even greater in patients with hypervolemic or hypovolemic 
hyponatremia (68). Whether hyponatremia plays a causative 
role in increased mortality risk or is merely a marker of se-
verity of underlying disease is not clear (72-74). However, the 
impact of hyponatremia on organ dysfunction has also been 
postulated as a contributory factor in the observed increased 
mortality (73, 74).

Morbidity in Chronic Hyponatremia
Chronic hyponatremia is associated with significant 
morbidity including increased admissions to intensive 
care (66), prolonged length of stay (24, 75), and in-
creased readmissions to hospital (4, 76), as well as cog-
nitive dysfunction, gait instability, and fractures (77, 78). 

Table 4.  Criteria for the diagnosis of syndrome of inappropriate 
antidiuresis

Criteria 

1. Hypotonic hyponatremia (plasma osmolality < 275 mOsm/kg)

2. Evidence of inappropriate AVP activity relative to plasma 
osmolality  

(Urine osmolality > 100 mOsm/kg)

3. Euvolemic state on clinical examination

4. Urinary sodium concentration > 30 mmol/L (normal salt and water 
intake)

5. Absence of recent diuretic use

6. Normal renal function

7. Exclusion of alternative diagnosis (glucocorticoid deficiency, 
hypothyroidism)

Abbreviation: AVP, arginine vasopressin.
Adapted from Verbalis et al and Bartter et al (7, 30). 

Figure 3.  Classification of the syndrome of inappropriate antidiuresis 
(types A-D) according to pattern of vasopressin (AVP) secretion (shaded 
area represents normal AVP response to rising plasma osmolality 
(POsm).

Figure 4.  Morbidity associated with both acute severe and chronic 
hyponatremia and its treatment. Abbreviation: ODS, osmotic 
demyelination syndrome. Adapted from Ellison et al, Adrogué et al, 
Verbalis et al, and Sterns et al (14, 29, 78, 115). 
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In addition, treatment resulting in rapid correction of 
chronic hyponatremia can result in osmotic demyelination 
syndrome (ODS) (14).

Osmotic demyelination syndrome
ODS, also known as central pontine myelinolysis, is a po-
tentially devastating condition due to demyelination of pon-
tine and extrapontine neurones, which can result in serious 
neurological dysfunction, seizures, and death (29). ODS can 
occur following rapid correction of hyponatremia of chronic 
duration (>48 hours) (79-82), if the rate of correction of 
plasma sodium exceeds the rate of recovery of lost intra-
cellular solutes (83). The loss of intracellular solutes, which 
forms the adaptive response to a fall in plasma osmolality to 
prevent cerebral edema, leaves astrocytes vulnerable to injury, 
and therefore a rapid rise in plasma osmolality represents an 
osmotic stress, causing astrocyte apoptosis, damage to the 
blood-brain barrier, and demyelination (14, 84). To reduce 
the risk of ODS, both the US and European recommenda-
tions/guidelines for the management of hyponatremia advise 
setting maximal limits to the daily increases in plasma sodium 
concentration and intervening with hypotonic fluids and par-
enteral desmopressin to relower sodium if the rate of correc-
tion exceeds safe limits (7, 18). This is discussed later in this 
review in more detail.

Neurocognitive function and chronic hyponatremia
Chronic, mild-to-moderate hyponatremia has been associated 
with impairment in cognition, attention, and cognitive de-
cline compared to normonatremic controls in various patient 
populations (85-88). There is evidence to suggest that the cor-
rection of hyponatremia is associated with an improvement in 
neurocognitive functioning (77, 89, 90).

Osteoporosis, falls, and fracture risk
Hyponatremia is a recognized independent risk factor for gait 
instability and osteoporosis, leading to falls and fracture oc-
currence (91-93). A  recent study found a 3-fold increase in 
falls risk in patients with mild hyponatremia in an emergency 
geriatric assessment unit (94). Hyponatremia is also associ-
ated with increased risk of both osteoporosis and fragility 
fractures, the risk of which increases with severity and chron-
icity of hyponatremia (95). In an animal model of chronic 
hyponatremia, Verbalis et al demonstrated a reduction in bone 
mineral density of up to 30% compared to normonatremic 
controls and loss of both cortical and trabecular bone (78). 
Analysis of data from the NHANES III survey comparing 
bone mineral density at the femoral neck and hip between pa-
tients with hyponatremia with normonatremic controls found 
that hyponatremia was associated with an increased risk of 
osteoporosis (78).

Clinical Approach to Hyponatremia
In recent years, there have been several international guide-
lines/ recommendations regarding the management of 
hyponatremia. There are currently 2 sets of international 
clinical practice guidelines/recommendations on the evalu-
ation, diagnosis, and management of hyponatremia, which 
are mostly widely cited and utilized in clinical practice (7, 
18). Verbalis et  al published a US-based expert panel in 
2013 (7), and Spasovski et  al published a clinical practice 

guideline in 2014 by the European Society of Endocrinology, 
European Society of Intensive Care Medicine, European 
Renal Association, and European Dialysis and Transplant 
Association (18).

These manuscripts have many similarities and agreements 
but also some areas in which they differ, and we will refer to 
both when discussing the clinical approach to the patient with 
hyponatremia.

When evaluating a patient with hyponatremia, there are 4 
important points that should be considered (Table 1):

	1.	 The presence of symptoms suggestive of cerebral edema
	2.	 The estimated duration of hyponatremia
	3.	 The biochemical severity of hyponatremia
	4.	 A clinical assessment of the patient’s volume status to 

help elucidate the underlying etiology of hyponatremia

The combined careful evaluation of each of these points will 
guide appropriate and timely management.

Presence of Symptoms
Documentation of symptoms is an essential step when ap-
proaching a patient with hyponatremia. The presence of mod-
erate or severe symptoms indicates the presence of cerebral 
edema and demands immediate intervention. Clinical mani-
festation of hyponatremia varies from asymptomatic cases to 
moderate symptoms such as headaches, nausea, and confu-
sion, and, ultimately, to severe symptoms include vomiting, 
depressed level of consciousness, abnormal somnolence, 
seizure, coma, and death (Fig. 5) (7, 64).

Chronicity
The definition of acute and chronic hyponatremia is defined 
as hyponatremia being present for <48 hours or >48 hours, 
respectively. The rapidity of onset of hyponatremia is im-
portant for 2 reasons. First, acute hyponatremia (<48 hours) 
is more likely to present with severe neurological symptoms 
due to cerebral edema requiring emergency treatment (65, 
96). Second, the safe rate of correction of hyponatremia de-
pends on duration, in that patients with acute hyponatremia 
have less risk of osmotic demyelination (7). An acute fall in 
both plasma sodium concentration and osmolality creates an 
osmotic gradient between plasma and the brain, resulting in 
cerebral edema, raised intracranial pressure and, ultimately, 
a risk of brainstem herniation and death (14, 18). If the fall 
in plasma osmolality is more gradual (>48 hours), the brain 

Figure 5.  Spectrum of symptoms associated with hyponatremia.
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adapts to its hypotonic environment by extruding ions and 
organic osmolytes to maintain a normal cell volume, resulting 
in more modest symptoms (7, 14). However, this adaptive 
process leaves astrocytes vulnerable to injury if plasma osmo-
lality rises rapidly (14), and therefore overrapid correction of 
chronic hyponatremia is associated with the risk of ODS (81, 
97), and extreme care must be taken to limit correction of 
chronic hyponatremia to within safe threshold limits.

Biochemical Severity
Most guidelines and papers arbitrarily define mild 
hyponatremia as 130 to 135  mmol/L and moderate 
hyponatremia as 125 to 129 mmol/L (18). However, guidelines 
differ slightly regarding the biochemical definition of severe 
hyponatremia. Verbalis et  al define “severe” hyponatremia 
as plasma sodium concentration ≤ 120  mmol/L (7), while 
Spasovski et  al define “profound” hyponatremia as plasma 
sodium concentration < 125mmol/L (18). It is important to 
stress that while symptoms are more common among those 
with severe or profound biochemical hyponatremia, severity 
of symptoms does not always correlate with biochemical se-
verity. Other factors, such as coexistent brain injury or cere-
bral edema, additionally impact on neurological sequelae (7, 
98), while the most important determinant is speed of onset 
of hyponatremia.

Clinical Volume Status
The clinical assessment of volume status is a crucial step in 
the identification of the etiology of hyponatremia. However, 
it is the least accurate aspect of the diagnostic process with a 
sensitivity and specificity < 50% (99, 100). It can be particu-
larly challenging to distinguish euvolemia from subtle volume 
depletion. Therefore, if sodium concentration either fails to 
improve or worsens in response to treatment based on initial 
volume assessment, it is worthwhile reassessing the original 
diagnosis (7).

Defining the Etiology of Hyponatremia
The spectrum of diseases causing hyponatremia is wide and 
hyponatremia is often multifactorial. A detailed clinical his-
tory and careful clinical examination is essential. As the clin-
ical assessment of volume status has a limited sensitivity and 

specificity (99, 101), the measurement of both urinary osmo-
lality and urine sodium concentration can improve diagnostic 
accuracy (7, 18, 102). Laboratory investigations should also 
include an assessment of renal function, and in the case of 
euvolemic hyponatremia, both adrenal insufficiency and 
hypothyroidism must be excluded before making a diagnosis 
of SIAD (Table 4).

Urinary Sodium Concentration
Urinary sodium concentration (UNa) reflects renal mineralo-
corticoid activity and therefore indirectly reflects effective 
circulating volume (98). In the absence of diuretic use, 
UNa < 20  mmol/L implies the effect of aldosterone to pro-
mote renal sodium reabsorption. This suggests hypovolemic 
hyponatremia with extrarenal solute loss or hypervolemic 
hyponatremia, with secondary hyperaldosteronism. Elevated 
urine sodium concentration (UNa > 30 mmol/L) indicates diur-
etic use, euvolemic hyponatremia, or hypovolemia with renal 
solute loss (Table 5). It should also be noted that patients with 
low solute intake may have a low UNa despite being euvolemic.

Urine Osmolality
Urine osmolality directly reflects plasma AVP activity, making it 
a useful and readily available biomarker (98). Physiologically, 
when plasma osmolality falls below the osmotic threshold 
for AVP secretion (approximately 284 mOsm/kg) (10), AVP 
secretion is suppressed, resulting in maximally dilute urine 
(UOsm < 100 mOsm/kg). Measurements of UOsm > 100 mOsm/
kg in the setting of euvolemic hyponatremia therefore indi-
cates AVP activity that is inappropriate to the plasma osmo-
lality (Table 3) (7). UOsm is also elevated in hypovolemic states 
due to the renal actions of baroregulated AVP secretion. 
A low urine osmolality is a good indicator of excess fluid in-
take leading to dilutional hyponatremia and can therefore 
predict rapid overcorrection of hyponatremia once fluid in-
take is curtailed (103). An elevated urinary osmolality (>500 
mOsm/kg) has also been shown to be predictive of failure of 
fluid restriction (FR) to work in patients with SIAD (7).

Fraction Excretion of Uric Acid
Fractional excretion of uric acid (FEUA) can be useful in pa-
tients treated with diuretics, where UNa may be difficult to 
interpret. Fenske et  al reported that in patients not treated 

Table 5.  Etiology of hyponatremia using urinary sodium concentration and clinical volume assessment

 UNa < 30 mmol/L UNa > 30 mmol/L 

Hypovolemia Extrarenal sodium loss  
Vomiting  
Diarrhoea  
Burns  
Pancreatitis

Renal sodium loss  
Primary adrenal insufficiency  
Salt-wasting nephropathy  
Cerebral salt wasting  
Diuretic use

Euvolemia Primary polydipsia  
Beer potomania(UOsm ≤ 100 mOsm/kg)  
Low solute intake  
Hypotonic fluid replacement

SIAD  
Secondary adrenal insufficiency(UOsm > 100 mOsm/kg)

Hypervolaemia Cirrhosis  
Nephrotic syndrome  
Renal failure  
Heart failure

Diuretic use

Abbreviations: UNa, urinary sodium concentration; UOsm urine osmolality.
Adapted from Smith et al (11).
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with diuretics, both UNa and FEUA performed equally well in 
identifying SIAD; however, in diuretic use, FEUA was superior 
(104). The same study reported that FEUA > 12% had a 100% 
positive predictive value for SIAD, and conversely, FEUA < 8% 
has a negative predictive value for SIAD of 100%.

Copeptin and AVP Measurement
AVP is derived from provasopressin, a precursor peptide that 
is enzymatically cleaved in the neurosecretory granules of the 
posterior pituitary to yield AVP, copeptin, and neurophysin. 
There is no role for the measurement of plasma AVP concen-
trations in the differential diagnosis of hyponatremia. Plasma 
AVP concentrations have been shown to be elevated in all 
causes of hyponatremia, and the assay results take too long to 
come back to be of clinical diagnostic value.

As copeptin is cosecreted with AVP, it has been suggested 
as an alternative biomarker for plasma AVP concentrations 
(105) and has shown to be a useful surrogate marker in the 
diagnosis of polyuric-polydipsic states during osmoregulatory 
studies. However, use of copeptin in the diagnostic evaluation 
of hyponatremia is limited (106,107); as with AVP, there is 
significant overlap in copeptin concentrations in all other 
forms of hyponatremia (108,109).

Treatment of Acute or Severe Symptomatic 
Hyponatremia
Acute or severe symptomatic hyponatremia is a medical emer-
gency requiring urgent, lifesaving treatment that should ideally 
be delivered in a monitored critical care setting. Hypertonic 
saline is the treatment of choice for acute or severe symp-
tomatic hyponatremia to reverse cerebral edema and prevent 
brainstem herniation (7, 18). Hypertonic saline can be ad-
ministered as either an intravenous bolus or an intravenous 
infusion. Both the US and European recommendations/guide-
lines currently recommend bolus therapy in acute or severe 
symptomatic hyponatremia, although they differ slightly in 
their advice regarding administration (Table 6) (7, 18). The 
US recommendations suggest the administration of 100 mL 
3% hypertonic saline over 10 minutes (repeated up to 2 
times if required) with the aim of achieving a 4- to 6-mmol/L 
rise in plasma sodium concentration. Where the duration of 
hyponatremia is clearly known to be <24 to 48 hours, the US 
recommendations state that the rate of correction does not 
need to be restricted; however, where there is any doubt re-
garding duration, correction limits should be managed as per 
chronic hyponatremia guidance (7). The European guideline’s 
diagnostic algorithm focuses on the presence and severity of 
symptoms and recommends 150 mL bolus 3% hypertonic sa-
line to be administered over 20 minutes for severe symptoms 
and giving a second bolus while checking a repeat plasma so-
dium concentration, with the aim of achieving a 5 mmol/L rise 
within the first hour of treatment. The European guidelines 
also recommend treatment with a single bolus of 150 mL 3% 
hypertonic saline if moderately severe symptoms are present, 
with the target of achieving a 5 mmol/L rise in sodium con-
centration within 24 hours; however, the US recommenda-
tions suggest a weight-based hypertonic saline infusion for 
mild-moderate symptoms at low risk of brainstem herniation 
(Table 6) (7).

Garrahy et al reported the findings of a study comparing 
the clinical and biochemical outcomes for patients with 

severe symptomatic SIAD treated with hypertonic saline 
bolus therapy (as per US recommendations) to patients who 
received continuous hypertonic saline infusion and reported 
that bolus therapy achieved a greater initial rise in plasma 
sodium concentration [6 mmol/L (CI 2-11) vs 3 mmol/L (CI 
1-4), P < 0.0001] and improvement in neurological status 
[median change in Glasgow Coma Scale (GCS) 3 vs 1, 
P < 0.0001] within the first 6 hours of treatment compared to 
continuous infusion (110). The beneficial early rise in plasma 
sodium in the bolus therapy group was not accompanied by 
osmotic demyelination, and plasma sodium at 24 hours were 
similar in both groups (110). Baek et al published the results 
of the SALSA trial, a randomized control trial of bolus (as per 
European guidelines) vs continuous infusion of hypertonic 
saline for the treatment of symptomatic hyponatremia. This 
study included 178 patients with symptomatic hyponatremia 
of heterogenous etiology, including volume depletion, adrenal 
insufficiency, and thiazide use but excluding primary poly-
dipsia. It concluded that patients treated with bolus hyper-
tonic saline therapy were more likely to achieve an early 
target plasma sodium rise within 1 hour than those treated 
with continuous infusion; however, this study did not ob-
serve a difference in improvement in symptoms between the 
2 groups. It is worth noting that the mean pretreatment GCS 
score in the SALSA trial was 14, and only 25% participants 
had severe symptomatic hyponatremia, compared to the co-
hort studied by Garrahy et al, who had a median pretreat-
ment GCS score of 12.

Garrahy et al reported that patients who received 100 mL 
3% hypertonic saline bolus therapy (as per US recommenda-
tions) (7) were more likely to require treatment with dextrose 
or desmopressin to prevent overcorrection of serum sodium 
concentration than those who received continuous infusion 
therapy, particularly in patients who received a third bolus. 
Reassuringly, there was no difference in serum sodium con-
centration between the 2 groups 24 hours after treatment 
(110). Conversely, the SALSA trial reported a greater in-
cidence of relowering treatment in the continuous infusion 
arm compared to the bolus therapy arm (41.4% vs 57.1%, 
P = 0.04) and a higher incidence of overcorrection in the con-
tinuous infusion arm compared with bolus therapy (24.2% vs 
17.2%); however, this was not statistically significant (111). 
Overall, the incidence of need for relowering treatment was 
greater in the SALSA trial compared to Garrahy et al (49.4% 
vs 10%). This may relate to relatively large total volumes 
(>500  mL) of hypertonic saline administered to both arms 
in the SALSA group or due to less frequent plasma sodium 
monitoring in the SALSA trial (every 6 hours) compared to 
the protocol used by Garrahy et al (every 2 hours) (112). A re-
cent real-world observational study by Chifu et al reported 
a high rate of overcorrection (approximately 47%) in those 
receiving boluses of 150 mL 3% hypertonic saline in line with 
the European guidelines, particularly in patients with severe 
symptomatic hyponatremia, and suggested that the use of a 
lower bolus volume or fewer repeated boluses may reduce the 
risk of overcorrection (113).

Treatment of Chronic or Asymptomatic 
Hyponatremia
In the absence of moderate-severe symptoms, chronic 
hyponatremia management is dependent on the underlying 
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etiology, and recommended treatment is grouped according 
to volume status (Table 7). The rate of correction is an im-
portant consideration for all patients with either unknown 
or prolonged duration (>48 hours) of hyponatremia. The 
European guidelines recommend a limit of 10  mmol/L rise 
in plasma sodium for the first 24 hours of treatment and 
8 mmol/L/day thereafter (18). The US recommendations sug-
gest a more conservative target of 4 to 8 mmol/L/day rise in 
plasma sodium concentration, with a maximal limit of 8 to 
12 mmol/L/day.

Patients with chronic liver disease, hypokalemia, alcohol 
excess, and malnutrition are at particularly high risk of ODS, 
and therefore the US recommendations suggest a slower rate 
of correction in this patient group, with a maximal limit of 
correction of 4 to 8 mmol/L/day (7) (Table 6). It is important 
to recognize that the previously noted cutoffs are limits, not 
targets, for rise in sodium concentrations and apply to all eti-
ologies of hyponatremia.

Where the rate of correction exceeds these thresholds, both 
recommendations/guidelines advise intervening to limit fur-
ther rise and to consider relowering plasma sodium concen-
tration to within original target limits, particularly if starting 

plasma sodium concentration is <120 mmol/L (Table 6) (7). 
Oral fluids or intravenous dextrose can be given to replace 
urinary free water losses, and the administration of parenteral 
desmopressin will prevent further urinary losses (Table 6). The 
combination of desmopressin and replacement of free water 
losses can be used either to stop a further increase plasma 
sodium concentration or to relower to the target plasma 
sodium concentration. When relowering plasma sodium, 
desmopressin is administered, and hypotonic fluids (eg, oral 
free water or parenteral 5% dextrose) are given until sodium 
returns to target value (maximum allowed increase during the 
timeframe). Plasma sodium concentration should be checked 
hourly during this process (7). The US recommendations 
suggest considering high-dose glucocorticoids such as dexa-
methasone to reduce demyelination risk if overcorrection oc-
curs (113), although this intervention has not yet been proven 
to reduce demyelination risk in humans (7).

Hypovolemic Hyponatremia
Hypovolemic hyponatremia will respond to volume expan-
sion, and both guidelines recommend the use of intravenous 
isotonic fluids (Table 7). Restoration of circulating plasma 

Table 7.  Comparison of the recommendations for management of chronic, asymptomatic hyponatremia between the US and European 
recommendations/guidelines

 US recommendations European guidelines 

Hypovolemic hyponatremia Replace volume deficit Replace volume deficit

SIAD Advise:  
1. Fluid restriction  
2. Vaptan therapy

Advise:  
1. Fluid restriction  
2. Urea or NaCL/loop diuresis  
3. Vaptan therapy  
Mild/moderate: not 

recommended  
Profound: recommend against

Hypervolemic hyponatremia Fluid restriction  
±Loop diuresis  
HF/nephrotic syndrome: consider vaptan  
Cirrhosis: vaptan only in exceptional circumstances

Fluid restriction  
Recommend against vaptan use

Abbreviations: HF, heart failure; NaCL, sodium chloride; SIAD, syndrome of inappropriate antidiuresis; Vaptan, vasopressin 2 receptor antagonist. 

Table 6.  Comparison of the management of acute or symptomatic hyponatremia between the US and European recommendations/guidelines

 US Recommendations European Guidelines 

Severe symptoms 100 mL 3% HS 150 mL 3% HS

Duration 10 minutes 20 minutes

Target Na+ rise 4-6 mmol/L over 4 hours 5 mmol/L within 1 hour

Boluses, max, n 3 3

Mild-moderate 
symptoms

0.5-2 mL/kg/hour 3% HS infusion Single bolus 150 mL 3% HS

Maximal Na+ rise (24 
hours)

Acute (<24-48 hours)  
  No restriction  
Chronic (>48 hours)  
  8-12 mmol/L per 24 hours (6-8 mmol/L per 24 hours if high ODS risk)

10 mmol/L per 24 hours in initial 24 
hours  

8 mmol/L per 24 hours thereafter

Management of 
excessive correction

Replace water losses (PO/IV)  
Parenteral desmopressin  
Consider high-dose glucocorticoid  
Consider relowering Na+ to target sodium

Stop treatment  
10 mL/kg IV 5% dextrose over 1 houra  
Consider parenteral desmopressina

Abbreviations: HS, hypertonic saline; Na+, plasma sodium concentration; ODS, osmotic demyelination syndrome; PO/IV, intravenous/enteral.
aExpert consultation advised.
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volume will suppress baroreceptor-mediated AVP secretion, 
and therefore patients should be carefully monitored for a 
rapid increase in urinary output (>100 mL/hour) in response 
to intravenous fluids, which may herald a rapid rise and po-
tential overcorrection of plasma sodium concentration (7, 
18). Care should be taken in thiazide-induced hyponatremia, 
as the combination of thiazide discontinuation, correction 
of hypokalemia, and volume expansion can result in a rapid 
rise in plasma sodium concentration (7). Hyponatremia due 
to primary adrenal insufficiency will respond to high-dose 
glucocorticoid replacement, but as patients are frequently 
profoundly volume deplete, they also require large volumes of 
isotonic fluid resuscitation (114). In these patients, the com-
bination of high doses of glucocorticoid therapy and large 
volumes of isotonic saline may lead to a rapid correction of 
sodium, and close monitoring (and appropriate action to pre-
vent overcorrection) is required. Treatment targets for the rate 
of rise of plasma sodium concentration are equally important 
in hypovolemic hyponatremia as other etiologies.

Euvolemic Hyponatremia
When hyponatremia is caused by adrenocorticotropin de-
ficiency, adequate steroid replacement is often sufficient 
to restore clearance of free water and eunatremia (115). If 
glucocorticoid deficiency is suspected, steroid replacement 
should be commenced without delay. It is important to note 
that osmotic demyelination has been reported very occasion-
ally after steroid replacement, so careful monitoring should 
always be maintained.

If the underlying cause of SIAD is either transient or re-
versible (eg, due to pneumonia or if culpable medication is 
discontinued), further management beyond treatment of the 
cause may not be necessary (116). However, where SIAD is 
chronic or the precipitant is not readily reversible, further 
SIAD-specific intervention is necessary.

Fluid Restriction
FR has been the mainstay of treatment of SIAD in clinical 
practice for many years (117). It is recommended as first-
line therapy in both the US and European recommendations/
guidelines (7, 18). FR should achieve a negative balance of 
>500 mL/day to be clinically effective in raising plasma sodium 
concentration. Despite its position as the first-line therapy, 
until recently there was a paucity of data to support the ef-
ficacy of FR in patients with chronic SIAD. Observational 
data from the Hyponatremia Registry study, which reports 
the results of clinical practice, suggested that FR is of limited 
benefit in routine treatment of SIAD, achieving elevation in 
plasma sodium of only 2 mmol/L in the first day, which was 
not statistically different from no treatment at all (118). In a 
prospective randomized control trial of FR (1000 mL/day) vs 
no specific treatment, in chronic SIAD Garrahy et al reported 
a benefit in favor of FR, which was associated with a modest, 
but significantly greater median plasma sodium rise at 3 days 
compared with no treatment [3 mmol/L (interquartile range 
2-4 mmol/L) vs 1 mmol/L (interquartile range 0-1 mmol/L), 
P = 0.04], with no reported safety concerns (119). Patients 
treated with FR were also more likely to achieve a plasma so-
dium concentration ≥ 130 mmol/L than those who received no 
treatment (119). Two recent studies have examined the com-
bination of FR with additional measures to potentially im-
prove efficacy. The EFFUSE-FLUID trial compared FR alone 

to FR with frusemide and FR with frusemide and oral sodium 
in hospitalized patients with SIAD (pNa+ < 130 mmol/L) and 
found no difference between the groups (120). Refardt et al 
combined FR with the use of empagliflozin, a sodium-glucose 
cotransporter 2 inhibitor, to induce an osmotic diuresis and 
enhance clearance of free water and compared it to FR alone 
in hospitalized patients with SIAD. Their data showed a sig-
nificantly greater rise in the FR-empagliflozin group than FR 
alone at day 4 (10 vs 7mmol/L, P = 0.04) (121). Both studies 
reported a better-than-expected response to FR; however, it 
should be noted that in both studies, patients with potentially 
reversible and self-limiting causes of SIAD were included (in-
fection, medications, and nausea), which may have contrib-
uted to the observed improvement in plasma sodium during 
this study (116, 122).

There are several factors that have been suggested to 
predict the response to FR in SIAD. A  high urine osmo-
lality (UOsm > 500mOsm/kg) or low 24-hour urine volume 
(<1500 mL) predict poor response to FR, as they reflect higher 
plasma AVP activity (7). In addition, the Furst equation (urine 
sodium + potassium concentration/ plasma sodium concen-
tration) > 1 suggests FR alone is unlikely to be effective (123). 
Cuesta et al reported that up to 60% patients treated with FR 
have at least 1 feature that would predict poor response to 
FR, and the authors postulate that this may explain the rela-
tively modest benefit for FR reported (124).

Vasopressin receptor antagonists
Vasopressin receptor antagonists (vaptans) inhibit the activity 
of AVP by competitively binding to the V2 receptors of the 
distal collecting ducts in the kidney. They therefore offer a 
targeted therapy for AVP-mediated hyponatremia (125, 126).

The use of tolvaptan, an oral, selective V2-receptor antag-
onist, was shown to be an effective treatment for both SIAD 
and hypervolemic hyponatremia in the SALT 1 and 2 trials. 
Patients on tolvaptan (≥15 mg/day) were more 2× as likely to 
achieve a normal sodium by day 30 compared with placebo 
(127), an effect that was sustained throughout the duration 
of the open-label extension study, SALTWATER, but disap-
peared within a week when treatment was discontinued (127, 
128). The main reported side effects of thirst, dry mouth, 
and polyuria (127) are not unexpected considering the drug’s 
mechanism of action, and overall tolvaptan appears to be a 
safe and well-tolerated therapy when used under specialist 
supervision (125). Since the publication of the SALT trials, 
several studies have suggested that the use of 15 mg tolvaptan 
as a starting dose may be too high (129, 130), and in practice, 
many physicians use lower doses when initiating therapy with 
similar efficacy (130-133). Overcorrection is reported even in 
doses as low as 3.75 mg, and therefore clinicians should be 
vigilant to this risk, particularly in patients with an initial 
sodium < 125 mmol/L (133-135). Vaptan therapy should be 
initiated in an hospital setting to facilitate close monitoring 
of plasma sodium concentration (every 6-8 hours) to pre-
vent overcorrection (7, 136). It is crucial in the prevention 
of overcorrection that patients should be allowed to drink 
to thirst, and fluid balance should be monitored closely as 
a negative fluid balance is associated with increased risk of 
overcorrection (133).

Conivaptan is a dual vasopressin (V1a and V2) receptor 
antagonist, which is licensed by the US Food and Drug 
Administration for the treatment of hospitalized patients with 
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euvolemic and hypervolemic hyponatremia (7) and has been 
shown to be a safe and well-tolerated treatment for euvolemic 
and hypervolemic hyponatremia in both its oral and paren-
teral form (137-140).

Vaptan therapy is recommended as a second-line treatment 
(following failure of FR) for asymptomatic SIAD by the US 
recommendations, although it should not be instituted imme-
diately after cessation of hypertonic saline. Vaptans are not 
recommended by the European guidelines (18).

Urea
Urea is recommended as a second-line option to treat SIAD 
in the European guidelines, as an inexpensive method to in-
crease solute intake (18). A recent study in patients with SIAD 
used a spot urine sample to identify patients with low solute 
intake and low diuresis and proposed that this subgroup of 
patients may benefit from oral solute administration instead 
of FR (141). Urea has been reported as beneficial in both hos-
pitalized and outpatient cohorts in several nonrandomized, 
retrospective European studies (142-145), and since the intro-
duction of Ure-Na™ to the US market, a retrospective study 
also suggests it is a safe and well-tolerated treatment (146).

Demeclocycline
Demeclocycline is a tetracycline antibiotic that can be 
used treat SIAD by counteracting AVP activity by inducing 
nephrogenic diabetes insipidus (147, 148). However, the 
unpredictable onset of action and potential nephrotox-
icity and photosensitivity limit its use in clinical practice, 
and the European guidelines recommend against its use in 
hyponatremia (18). A recent meta-analysis failed to find suf-
ficient good-quality scientific evidence to support the con-
tinued use of demeclocycline in SIAD (149).

Loop diuresis
The efficacy of loop diuresis as monotherapy is limited by the 
natriuresis, which accompanies the diuresis, and the stimula-
tion of AVP (96). The European guidelines suggest a combin-
ation therapy of low-dose loop diuretics with oral sodium as 
an alternative second-line agent to oral urea (18). However, 
data from the EFFUSE-FLUID trial suggested that this ap-
proach was no more effective in hospitalized patients than FR 
alone and was associated with higher rates of adverse events 
including hypokalemia and acute kidney injury (120).

Hypervolemic Hyponatremia
Treatment of hypervolemic hyponatremia is typically directed 
at the underlying cause and involves the use of dietary salt 
restriction, diuretics, and inhibition of the renin-angiotensin-
aldosterone system (angiotensin-converting enzyme inhibitors, 
angiotensin II receptor antagonists, and mineralocorticoid re-
ceptor antagonists) (7). Vaptan therapy has been trialed in 
both heart and liver failure. The European guidelines cur-
rently recommend against the use of vaptans in hypervolemic 
hyponatremia; however, the US recommendations suggest that 
vaptan therapy be considered where hyponatremia is limiting 
use of diuretics in heart failure or nephrotic syndrome with 
preserved renal function. Both guidelines currently recom-
mend against vaptan use in cirrhosis (7).

Hyponatremia and COVID-19
Hyponatremia is reported in between 10% and 30% of all 
cases of COVID-19 admitted to acute hospital care (150-152). 

Hyponatremia is associated with adverse outcomes in COVID-
19 patients, including increased requirement for mechanical 
ventilation, admission to critical care, and increased mortality 
(151-154). Recently updated guidance from the European 
Society of Endocrinology suggests that hyponatremia in pa-
tients with COVID-19 should be treated in accordance with 
existing guidelines (155).

Back to the Cases
Case 1
Due to the presence of severe symptoms suggestive of cerebral 
edema in conjunction with severe biochemical hyponatremia, 
emergency treatment was administered with a bolus of 
100  mL over 10 minutes of hypertonic saline in an inten-
sive care setting. After a second bolus of hypertonic saline 
was administered, plasma sodium concentration rose from 
113 mmol/L to 118 mmol/L, with a corresponding improve-
ment in neurological status.

She was deemed to be at increased risk of ODS due to her 
history of alcohol excess and malnutrition, and therefore 
the target rise in plasma sodium was set at 4 to 6 mmol/L/
day, with a maximum rate of 8 mmol/L/day. An increase in 
urine output was noted, and repeat bloods taken 4 hours 
later showed a plasma sodium 121  mmol/L. Subcutaneous 
desmopressin (1 μg) was administered to stop further urinary 
free water losses, and intravenous 5% dextrose was com-
menced at 3  mL/kg/hour. Bloods were taken hourly until 
plasma sodium returned to 119  mmol/L, and intravenous 
dextrose was continued to replace urinary losses to maintain 
plasma sodium < 119 mmol/L for the next 24 hours. Her SSRI 
medication was discontinued, and plasma sodium returned to 
136 mmol/L over several days with careful monitoring and 
the requirement of intermittent dextrose infusions to prevent 
overcorrection.

Case 2
The diagnosis is SIAD in the context of newly diagnosed 
small cell lung cancer. He was commenced on a 1000 mL/day 
FR, and after his sodium improved to 132 mmol/L, he was 
discharged from hospital.

He represented several months later following several falls. 
Despite carefully adhering to FR, his repeat biochemistry 
was as follows: urea 2.7 mmol/L, creatinine 84 μmol/L, so-
dium 122 mmol/L, potassium 4.6 mmol/L, UNa+ 39 mmol/L, 
and UOsm 573 mOsm/kg. He remained clinically euvolemic. 
Imaging revealed new metastatic disease, and he was ad-
mitted to hospital to commence 7.5 mg tolvaptan therapy. FR 
was discontinued, and he was encouraged to drink according 
to thirst. His urinary output increased, and his plasma so-
dium rose to 125 mmol/L after 6 hours and 129 mmol/L after 
12 hours, at which point intravenous 5% dextrose was com-
menced to replace any further urinary free water losses and 
limit further rise in plasma sodium. Over the next 3  days, 
plasma sodium rose to 133 mmol/L and remained stable on 
alternate-day administration of 7.5 mg tolvaptan.

Conclusion
Hyponatremia is the most commonly encountered electrolyte 
disturbance in clinical practice and is associated with signifi-
cant morbidity and mortality in both the acute and chronic 
setting. A  clinical evaluation to establish the chronicity of 
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hyponatremia, the presence or absence of symptoms sug-
gestive of cerebral irritation, and a clinical volume assessment 
and biochemical severity, aided by urinary osmolality and so-
dium concentration, are imperative to guide timely and ef-
fective management of hyponatremia. The presence of severe 
symptoms suggestive of cerebral edema is a medical emer-
gency, and bolus therapy with 3% hypertonic saline should 
be administered without delay to prevent neurological com-
plications and death. Chronic or asymptomatic hyponatremia 
management will depend on the underlying cause, and close 
monitoring is required to prevent rapid overcorrection of 
plasma sodium concentration.
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