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         Hyponatraemia is the most common electrolyte disturbance 
encountered in clinical practice. It is associated with  signifi cant 
morbidity and mortality, thus appropriate investigation 
and treatment is essential. Hyponatraemia presents with a 
spectrum of clinical presentations ranging from no symptoms 
to life-threatening neurological sequelae. Hyponatraemia has 
multiple aetiologies and distinguishing the underlying aetiol-
ogy facilitates appropriate treatment. This review provides an 
overview of the presentations and approaches to management 
of this common clinical condition.       

  Introduction  

 Hyponatraemia (defined as serum sodium <135 mmol/L) is the 
most common electrolyte abnormality and is encountered in 
all areas of clinical practice.  1   Hyponatraemia is associated with 
increased morbidity and mortality.  2   The assessment of patients 
with hyponatraemia can pose a clinical challenge and strategies 
for its management are often suboptimal. In recent years, expert 
guidance and recommendations have been published that 
provide an evidence-based approach to diagnosis and treatment 
of hyponatraemia  3,4   although it should be highlighted that high-
quality evidence is lacking for many aspects of hyponatraemia 
management. Additionally, new therapies have emerged 
promising a more targeted approach to regulating body water 
and sodium balance in certain patients with hyponatraemia.  

  Epidemiology 

 Hyponatraemia occurs in approximately 15–30% of 
hospitalised patients, with 1–2% of patients having a serum 
sodium level <125 mmol/L.  5,6   In addition, hyponatraemia is 
often underreported in the hospital setting.  7   In the intensive 
care unit, approximately 25–30% of patients will have a 
serum sodium <134 mmol/L.  8,9   In neurosurgical units, 
hyponatraemia is reported in up to 50% of patients with 
subarachnoid haemorrhage in retrospective  2   and prospective 
studies.  10   Hyponatraemia is also a common occurrence in 
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              Hyponatraemia – presentations and management   

heart failure with an incidence of approximately 20% in 
patients hospitalised for heart failure.  11   Age-related changes 
and chronic diseases are often associated with abnormalities 
in water homeostasis. Miller  et al   12   have reported that more 
than 50% of nursing home residents had at least one episode of 
hyponatraemia over a 12-month study period.  

  Morbidity and mortality associated with 
hyponatraemia 

 Hyponatraemia is associated with increased morbidity and 
mortality. Acute severe symptomatic hyponatraemia is a 
medical emergency that carries a high mortality rate if not 
addressed acutely. A recent prospective observational study 
found a positive correlation of serum sodium and mortality, 
with a serum sodium <125 mmol/L associated with a 
substantial 1-year mortality, recurrence of hyponatraemia 
and rehospitalisation rate.  13   ‘Asymptomatic’ chronic mild 
hyponatraemia has previously been thought to be clinically 
insignificant; however, recent evidence shows that mild 
chronic ‘asymptomatic’ hyponatraemia, particularly in an 
older population, may contribute to impaired cognition,  14   
increased risk of falls  15   and fractures.  16   Recent studies suggest 
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the predisposition to fractures in patients with hyponatraemia 
not only exists because of a higher falls risk, but also as a 
result of associated osteoporosis.  17,18   In addition to the above, 
inappropriate management of hyponatraemia can lead to 
significant morbidity.  19    

  Physiology of water balance 

 In healthy humans, plasma sodium concentrations are 
maintained within a narrow range, despite wide variations in 
water and salt intake.  20   Plasma sodium concentration rarely 
varies by more than 1–2% off baseline in normal physiological 
conditions, when access to water is normal. In health, plasma 
osmolality is very closely regulated by the sophisticated 
interaction between the secretion and action of the antidiuretic 
hormone vasopressin (AVP) and the sensation of thirst, which 
promotes water intake (Fig  1 ). Changes in plasma osmolality 
are detected by specialised magnocellular neurons in the 
anterior hypothalamus. When plasma osmolality rises, there 
is stimulation of synthesis and secretion of AVP. AVP binds 
to V2 receptors in the collecting ducts of the renal tubules, 
stimulating an intracellular cascade that leads to migration 
of vesicle bound aquaporin-2 to the luminal membrane of the 
collecting duct.  21   This renders the cells of the collecting duct 
permeable to water, enabling reabsorption of water from the 
urine to the blood, such that adequate urine concentration 
can occur. Simultaneously, the thirst centre in the cerebral 
cortex is stimulated, promoting water intake. Thus, AVP-
mediated restriction of water excretion combined with 
thirst-driven water intake leads to an increase in plasma water 
and normalisation of plasma osmolality.  22   Changes in plasma 
sodium concentration are therefore a reflection of abnormal 
water balance, rather than the dysregulation of sodium intake 
and excretion.   

  Aetiology and classification of hyponatraemia 

 There are a number of aetiologies of hyponatraemia, which can 
be divided into:

  1  hypotonic hyponatraemia (which is divided into 
hypovolaemic, euvolaemic and hypervolaemic causes)  

 2  pseudohyponatraemia  
 3  non-hypotonic hyponatreamia.    

 Other important sub-classifications include whether the 
hyponatraemia has developed acutely or chronically and is 
symptomatic or asymptomatic. 

  Hypotonic hyponatraemia 

 Hypotonic hyponatraemia can be classified, based on the 
estimation of extracellular volume status of the patient, as 
hypovolaemic, euvolaemic or hypervolaemic hyponatraemia 
(Table  1 ). In clinical practice, evaluation of volume status may 
be challenging and is often suboptimal.  23     

  Hypovolaemic hyponatraemia 

 Hypovolaemic hyponatraemia occurs when there is depletion 
of both water and body sodium with a relative excess of sodium 
loss. Solute loss can be classified as renal and non-renal. 
Thiazide diuretic-induced hyponatraemia is the leading cause 
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 Fig 1.       Normal regulation of salt and water balance.  Adapted from 

 Hannon MJ  et al .  10   AVP = antidiuretic hormone vasopressin  

 Table 1.      Causes of hyponatraemia according to 
volume status and urinary sodium   

Volume status Clinical 
signs 

Urinary Na =  
≤30 mmol/L 

Urinary Na =  
≥40 mmol/L 

 Hypovolaemic Dry mucous 

membranes

GI losses Diuretics

Decreased 

turgor

Mucosal losses Addison’s 

disease

Tachycardia Pancreatitis Cerebral salt 

wasting

Hypotension 

(orthostatic)

Sodium 

depletion post 

diuretics

Salt wasting 

nephropathy

Raised urea, 

renin

 Euvolaemic Underlying 

illness

Hypothyroidism SIAD

SIAD with 

ongoing fluid 

restriction

ACTH 

deficiency

 Hypervolaemic Peripheral 

oedema

Cirrhosis Cardiac failure 

with diuretic 

therapy

Ascites Cardiac failure

Raised JVP Nephrotic 

syndrome

Pulmonary 

oedema

Primary 

polydipsia

Underlying 

illness

   ACTH = adrenocorticopic hormone; GI = gastrointestinal; JVP = jugular venous pulse; 

SIAD = syndrome of inappropriate antidiuresis  

  Adapted from Smith  et al.  23    
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of drug-induced hyponatraemia requiring hospital admission, 
and can affect up to one third of older patients taking thiazide 
diuretics.  24   Risk factors for the development of thiazide-
induced hyponatraemia include increasing age,  25   low body mass 
index,  26   hypokalaemia  27   and female gender.  28   Other causes of 
hypovolaemic hyponatraemia include gastrointestinal losses, 
skin losses (burns and perspiration) and renal salt loss due to 
salt wasting nephropathy or mineralocorticoid deficiency (eg 
Addison’s disease).  

  Euvolaemic hyponatraemia 

 Euvolaemic hyponatraemia is caused by a relative absolute 
increase in body water. It is the most heterogeneous and 
common cause of hyponatraemia among hospitalised patients 
and the syndrome of inappropriate antidiuresis (SIAD) is 
the most frequent underlying disorder. Most hyponatraemic 
patients who appear to be euvolaemic by physical examination 
have SIAD. However, such patients may occasionally have 
hyponatraemia due to true volume depletion, primary 
polydipsia, malnutrition, glucocorticoid deficiency or severe 
hypothyroidism. 

  Syndrome of inappropriate antidiuresis 
 SIAD is the most common cause of euvolemic hyponatraemia 
in hospitalised patients.  29   It is a common complication of a 
wide range of clinical disorders and drug therapies. The most 
common causes of SIAD are malignancy, pulmonary disorders, 
central nervous system disorders and medications.  30,31   SIAD 
has been reported as an adverse effect of many drugs, including 
psychotropic medications  32   and chemotherapeutic drugs.  33   

 The cardinal diagnostic criteria for SIAD, originally described 
by Bartter and Schwartz in 1967, are outlined in Box  1 .  34     

  Glucocorticoid defi ciency 
 An important cause of euvolaemic hyponatraemia, which 
must be differentiated from SIAD, is adrenocorticotropic 
hormone (ACTH) deficiency leading to cortisol deficiency (this 
is different to patients with Addison’s disease who are also 
lacking mineralocorticoids). The biochemical presentation 
is identical to that of SIAD. Patients with ACTH deficiency 
and hyponatraemia have elevated plasma vasopressin 
concentrations,  35   which may be partially baroregulated because 
of an associated decrease in blood pressure. In addition, 
cortisol is required for free water excretion, which also 
contributes to the development of euvolaemic hyponatraemia. 
In a large, prospective and well-defined cohort of euvolaemic 

hyponatraemia in a tertiary centre, undiagnosed secondary 
adrenal insufficiency co-occurred in 3.8% of cases initially 
diagnosed as SIAD.  36   Acute glucocorticoid insufficiency 
should also be considered as the cause of hyponatraemia in any 
patient with acute neurotrauma and in patients who have been 
receiving long-term glucocorticoid therapy.  

  Hypothyroidism 
 Determination of thyroid-stimulating hormone is important 
for evaluation of a patient with hyponatraemia as the exclusion 
of hypothyroidism is one of the prerequisites for the diagnosis 
of SIAD. 

 However, the relationship between hypothyroidism and 
hyponatraemia is inconsistent,  37   although they often coexist, 
and recent data suggest that hypothyroidism-induced 
hyponatraemia is extremely rare and probably occurs only in 
severe hypothyroidism and myxoedema, with reduction in 
cardiac output and nonosmotic stimuli to AVP release.   

  Hypervolaemic hyponatraemia 

 In hypervolaemic hyponatraemia, there is an increase in both 
total body water and total body sodium, with a relative excess 
of total body water, leading to dilutional hyponatraemia. In 
both cardiac failure and cirrhosis there is a fall in mean arterial 
pressure (particularly within the splanchnic circulation). This 
stimulates baroregulated vasopressin secretion, baroregulated 
activation of the renin-angiotensin-aldosterone axis and 
increases sympathetic tone. Increased AVP leads to water 
retention, and the activation of the renin-angiotensin axis 
promotes sodium and water retention.  38    

  Pseudohyponatraemia 

 Pseudohyponatraemia, originally described in the 1950s,  39   
is caused by a displacement of serum water by significantly 
elevated concentrations of serum lipids or proteins. It occurs 
when blood specimens with high concentrations of either lipid 
or protein are analysed by either a flame photometer or an ion-
selective electrode that requires sample dilution before assay.  40    

  Non-hypotonic hyponatraemia 

 Hyponatraemia with normal or increased effective osmolality 
can occur when the serum contains additional osmoles, which 
reduce serum sodium concentration by attracting water from 
the intracellular compartment. Hypertonic hyponatraemia may 
occur as a consequence of hyperglycaemia. Hyperglycaemia will 
result in an osmotic shift of water from the intracellular to the 
extracellular fluid compartment, thus diluting serum sodium 
levels, which can be calculated by correcting the measured 
serum [Na + ] for the glucose elevation.  41   It is imperative to 
control the rate at which plasma glucose is lowered, to minimise 
the associated risk of cerebral oedema that can occur.  42     

  Clinical presentation of hyponatraemia 

 The symptoms associated with hyponatraemia are varied and 
are related to the severity and rapidity of the fall in the plasma 
sodium concentration as well as the coexistence of neurological 
disease or other electrolyte abnormalities. Symptoms are 

 Box 1.      Essential diagnostic criteria for SIAD  37    

1  Plasma hypoosmolality (<275 mOsm/kg)

2  Inappropriate urine concentration (Uosm >100mOsm/kg H20)

3  Urine sodium >30mmol/L, with normal salt and water intake

4  Clinical euvolaemia

5  Exclusion of glucocorticoid deficiency or hypothyroidism (rare)

Supplementary criteria are not included as these are not used 

routinely in clinical Practice.
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treatment of acute severe hyponatraemia is limited. Recently, a 
number of guidelines, which differ slightly in their approach to 
the management of severe symptomatic hyponatraemia in adult 
patients, have been published.  3,4,49   

 The US consensus guidelines recommend an initial rise in 
serum sodium of 4–6 mmol/L over 4 hours, using intravenous 
boluses of hypertonic (3%) sodium chloride.  3   This is based 
on published experience with hypertonic saline to treat 
cerebral oedema in normotraemic patients with neurosurgical 
conditions, where a 5 mmol/L rise in serum sodium reversed 
the clinical signs of herniation and reduced intracranial 
pressure by almost 50% within the first hour.  50   

 The Society for Endocrinology guidelines recommend 150 mL 
bolus of hypertonic saline, aiming for a rise of 5 mmol/L in 
serum sodium within the first hour.  49   

 For severe symptoms, a 100 mL bolus of 3% saline infusion 
should be given over 10 minutes and repeated up to three times, 
if necessary, depending on clinical improvement. For mild to 
moderate symptoms with a low risk of cerebral herniation, 
3% saline infusion is again recommended but at a slower rate 
of 0.5–2 mL/kg/h. Patients who are treated with hypertonic 
saline need to be managed in a critical care setting to allow for 
frequent monitoring of plasma sodium in order to ensure that 
there is not a rapid overcorrection of hyponatraemia. 

 In true acute hyponatraemia (where the decrease in plasma 
sodium has been documented to be in the prior 24–48 hours), 
the rate of correction need not be restricted as tightly as in 
chronic hyponatraemia as there is a lower risk of osmotic 
demyelination. However, if there is any uncertainty as to the 
rapidity of onset of hyponatraemia (chronic verses acute), 
then the target limits for correction of chronic hyponatraemia 
should be adhered to.  

  Management of chronic hyponatraemia 

 Rapid overcorrection of chronic hyponatraemia can lead 
to neurological sequelae due to osmotic demyelination 
syndrome (ODS; previously known as pontine or extra-
pontine myelinolysis). This syndrome manifests clinically 
as progressive quadriplegia, opthalmoplegia or with 
extrapyramidal features such as ataxia. The mainstay of 
diagnosis is clinical suspicion and examination, aided by 
T1-weighted magnetic resonance imaging, which may have the 
classic appearances of a hypointense pons on sagittal imaging 
but a hyperintense pons on coronal imaging. Prognosis is 
variable but usually poor, with many patients developing 
persistent neurological deficit. 

 Current recommendations suggest a target rise in serum 
sodium concentration in patients with chronic hyponatraemia 
stratified by the risk of developing ODS (Table  2   ). They 
suggest a target maximum rise of 4–8 mmol/L per day in 
patients with low risk of ODS, with a target maximum limit 
not to exceed 10–12 mmol/L in any 24 hours or 18 mmol/L 
in any 48 hours. For those at high risk of ODS, they suggest 
a lower maximum target rise of 4–6 mmol/L per day, with 
a maximum target limit not to exceed 8 mmol/L in any 
24-hour period. Factors that place a patient at high risk of 
developing ODS with correction of chronic hyponatraemia 
include starting serum sodium concentration ≤105 mmol/L, 
hypokalaemia, alcoholism, malnutrition and advanced liver 
disease (Table  2 ).  3     

far more likely if the fall in plasma sodium is rapid, whereas 
chronic hyponatraemia (hyponatraemia of >72-hour duration) 
may present as a relatively asymptomatic condition, even in 
cases where hyponatraemia is biochemically significant. In 
acute hyponatraemia, the main pathological consequence is 
the development of cerebral oedema, which leads to raised 
intracranial pressure with the risk of cerebral herniation, 
hypoxia and even death.  43   In chronic hyponatraemia there is 
a lower risk of acute neurological symptoms because of the 
presence of chronic cerebral adaptive mechanisms.  44    

  Diagnosis and investigations 

 The initial diagnostic approach to the adult patient with 
hyponatraemia consists of a directed history and physical 
examination, supported by laboratory tests. There should 
be a focus on assessment of extracellular fluid volume 
status, symptoms and signs of hyponatraemia, the rate 
at which hyponatraemia developed and the biochemical 
severity of hyponatraemia. Measurement of urinary sodium 
is crucial in the distinction of hyponatraemia aetiology 
(Table  1 ). In hypovolaemic hyponatraemia, urinary 
sodium allows differentiation between renal (high urine 
sodium; >30 mmol/L) and extra-renal (low urine sodium; 
<30 mmol/L) salt loss. These are not absolute values; 
they are a guide as they may also be determined by solute 
intake. In euvolaemic hyponatraemia, urinary sodium 
levels are high in SIAD  and glucocorticoid insufficiency, 
but low in hyponatraemia associated with hypotonic fluid 
replacement or in patients with low solute intake. However, 
low urinary sodium is also an early feature of the recovery 
phase from diuretic use (within hours) or SIAD, highlighting 
the complexities in forming a diagnostic algorithm for 
hyponatraemia. Recent studies have focused on the use 
of a novel parameter, co-peptin, as a surrogate marker for 
vasopressin and its potential role as a diagnostic parameter 
in the differential diagnosis of hyponatraemia has been 
discussed.  45   However, as AVP is elevated in almost all causes 
of hyponatraemia co-peptin is unlikely to be of significant 
clinical utility at present. In patients with primary polydipsia, 
a low co-peptin may be a useful diagnostic tool.  46   Fenske  et 
al   47   have also recently reported that measurement of fractional 
excretion of urea (FEurea) or uric acid (FEUA) levels were 
valuable parameters for discriminating between SIAD and 
other hyponatraemia aetiologies, irrespective of diuretic use.  47    

  Management of hyponatraemia 

 Management of hyponatraemia needs to be targeted to the 
underlying aetiology. The urgency of intervention is determined 
by the severity of symptoms and the potential for an adverse 
outcome.  

  Management of acute symptomatic hyponatraemia 

 There is a high mortality associated with symptomatic 
hyponatraemia given the risk of cerebral oedema and brain 
herniation and, as such, plasma sodium needs to be elevated 
acutely (the risk of not increasing the plasma sodium needs 
to be weighed against the risk of osmotic demyelination 
syndrome).  48   Evidence available in the literature regarding the 
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  Management of hypovolaemic hyponatraemia 

 In hypovolaemic hyponatraemia, the aim is to correct plasma 
sodium and also restore intravascular volume. Most cases 
will respond to intravenous infusion of physiological saline. 
Diuretic therapy should be discontinued and any other 
underlying causes sought and treated. 

 The diagnosis of Addison’s disease is suggested by history, 
examination and the presence of hyperkalaemia. Although the 
biochemical abnormalities of Addison’s disease will respond to 
high-dose corticosteroids, patients are often profoundly fluid 
deplete and require intravenous saline to expand blood volume 
and replace body sodium. Current guidelines recommend 
a rapid intravenous infusion of 1,000 mL of isotonic saline 
infusion within the first hour, followed by further intravenous 
rehydration as required (usually 4–6 L in 24 hours, with careful 
monitoring for volume overload in the elderly or in renal 
impairment).  51   Intravenous dextrose may also be needed if 
the patient if hypoglycaemic (close monitoring is required as 
dextrose can exacerbate hyponatraemia).  

  Management of SIAD 

 Owing to a relative lack of randomised controlled trials, 
the treatment of SIAD is largely based on expert opinion. 
The current European guidelines and US consensus 
recommendations diverge in relation to the use of interventions 
after fluid restriction has failed. 

  Fluid restriction 

 The first-line therapy for mild to moderate asymptomatic 
hyponatraemia secondary to SIAD is fluid restriction. Several 
factors may predict failure of fluid restriction, including high 
urine osmolality (>500 mOsm/kg H 2 O), low 24-hour urine 
volume (<1,500 mL/day) and a urinary sodium and potassium 
that are greater than plasma sodium. In addition, failure of 
fluid restriction may prompt reconsideration for the presence 
of underlying causes, such as malignancy, or the presence of 
clinically unapparent hypovolaemia. 

 Fluid restriction of 800–1,200 mL/day is generally advised, 
according to severity of hyponatraemia. As long as background 
water losses from the kidney, skin and lungs exceed this 
amount, there is progressive depletion of total body water 
and a gradual rise in plasma sodium concentration. The 
principle drawback is that patients find it extremely difficult to 
maintain fluid restriction, as thirst in SIAD is inappropriately 
normal because of a downward resetting of the osmotic thirst 
threshold.  15   Hospitalised patients who can be supervised tend 
to do better with fluid restriction than outpatients. However, 
hospitalised patients who are receiving intravenous fluids, as 
part of cytotoxic or antibiotic regimens, often find it hard to 
comply with fluid restriction.  

  Demeclocycline 

 Demeclocycline is a tetracycline derivative that is utilised in 
the treatment of SIAD because it causes nephrogenic diabetes 
insipidus in about 60% of patients. The degree of vasopressin 
resistance is not predictable; in a significant proportion of 
patients, it does not work. When it does work, the onset of 
action is also unpredictable, usually occurring after 2–5 days, 
but occasionally taking longer. In some patients, polyuria can 
be profound and patients can become markedly symptomatic, 
occasionally developing hypernatraemia if access to water is 
compromised. Nephrotoxicity can arise, particularly in patients 
with cirrhosis, and although renal impairment is usually reversible 
with discontinuation, cases with permanent renal failure have 
been reported.  16   It has also been associated with photosensitive 
skin rash and appropriate UV protection is recommended.  

  Urea 

 A relatively small number of centres have experience in the 
use of urea. It is recommended for use in the recent European 
hyponatraemia guidelines; however, it is unavailable in many 
countries. Human studies have shown that long-term (5-year) 
treatment of hyponatraemia with urea is effective  24   and the same 
group have published data in a rat model of SIAD that suggest that 
treatment of hyponatraemia with urea may protect against brain 
complications, such as osmotic demyelination syndrome.  25,26    

  Frusemide 

 Frusemide was shown some years ago to be effective in the 
rapid correction of hyponatraemia in SIAD,  27   but it is of 
limited efficacy in long-term treatment as the diuresis that it 
induces includes a natriuresis, which can occasionally worsen 
hyponatraemia.  

  Vaptans 

 The development of specific vasopressin receptor antagonists 
(vaptans) represents a novel therapeutic option in euvolaemic 
hyponatraemia. The vaptans are vasopressin receptor 
antagonists with V1a (relcovaptan) or V2 (tolvaptan, lixivaptan) 
selectivity or non-selective activity (conivaptan), which 
may be advantageous in some disorders. The V2 receptors 
located primarily in the collecting tubules mediate free water 
absorption while the V1B receptors are located in the anterior 
pituitary and mediate ACTH release.  52   

 Table 2.      Targets for elevation in plasma sodium in 
hyponatraemic patients  

 Goal of 
minimal 
correction 
of plasma 
sodium in 
first 24 hours 
(mmol/L) 

Limits not 
to exceed in 
plasma sodium 
per 24 hours 
(mmol/L) 

 Normal risk patient  4–8  10–12* 

 High risk of ODS 

Patients with pNa +  

<105 mmol/L, 

hypokalaemia, alcoholism, 

malnutrition, liver disease

 4–6  8 

   *Not >18 mmol/L in 48 hours in normal risk patients.  

  ODS = osmotic demyelination syndrome   
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 The V1a/V2 non-selective vasopressin antagonist conivaptan 
was the first vaptan approved by the US Food and Drug 
Administration for the treatment of euvolaemic and 
hypervolaemic hyponatraemia as an intravenous infusion. Its 
efficacy for the treatment of hyponatraemia has been assessed 
in several double-blind, placebo-controlled clinical trials.  53,54   
Like other vasopressin antagonists, its use is contraindicated in 
patients with hypovolaemic hyponatraemia. 

 Tolvaptan is an oral, selective non-peptide V2 receptor 
antagonist. The results of two large multicentre, randomised, 
placebo-controlled, double-blind trials of oral tolvaptan have 
been reported in patients with hyponatraemia (due to chronic 
heart failure, cirrhosis and SIAD).  55   Approximately 55% of 
patients in the tolvaptan group had normal serum sodium 
concentrations after 1 month of treatment (without the need 
for water restriction) compared with 25% in the placebo group. 
However, the benefit on serum sodium was more effective 
in SIAD patients compared with heart failure and cirrhotic 
patients. Excessive correction of serum sodium concentrations 
was noted in this study (>12 mmol/L per day in 3%). The 
SALTWATER trial, an extension of the SALT study (Study of 
Ascending Levels of Tolvaptan in Hyponatremia), showed that 
the effect of tolvapton was sustained for the duration of the 
observation period, a maximum of 214 weeks.  56   

 The US consensus recommendations suggest certain 
precautions with the use of vaptans to avoid overcorrection 
and subsequent ODS. Clinicians should monitor serum 
sodium levels frequently during the active phase of correction 
of the hyponatraemia. In addition, fluid restriction should 
not be recommended, thereby allowing the patient’s own 
thirst mechanism to compensate for the induced aquaresis. 
Goals and limits for safe correction are similar to those 
described above in the treatment of chronic hyponatraemia. 
Hepatotoxicity with tolvaptan is a concern based on the 
TEMPO trial (this trial examined the effect of tolvaptan, at 
high dose, on the progression of polycystic kidney disease);  57   
it is therefore recommended to check liver enzymes in patients 
taking tolvaptan. Another potential limitation to the use of 
vaptan therapy is that its cost may be prohibitive.  

  Saline infusion in SIAD 

 There is data to suggest that plasma sodium concentration 
will rise in some patients with SIAD who are treated with 
intravenous normal (0.9%) saline.  28   However, treatment 
with normal saline is reserved for patients in whom the 
differentiation between hypovolaemia and euvolaemia is 
difficult. In this situation, intravenous saline is a safer first-
line treatment than fluid restriction, but careful monitoring 
is required in order to ensure improvement in sodium 
concentrations while on saline.   

  Management of hypervolaemic hyponatraemia 

 In hypervolaemic hyponatraemia, therapy is aimed at 
treating the underlying cause. In congestive cardiac failure 
and cirrhosis, the mainstays of therapy are a combination 
of dietary sodium restriction, diuretics and fluid restriction 
to restore total body water to normal, in combination with 
inhibition of the renin angiotensin aldosterone system using 
angiotensin converting enzyme inhibitors, angiotensin 

receptor blockers or spironolactone.   The use of vasopressin 
receptor antagonists in hypervolaemic hyponatraemia results 
in increased solute-free excretion without activation of the 
neurohumoral systems, as compared with loop diuretics. 
This provides a rationale for substitution in the management 
of heart failure. This was recently demonstrated in 
normonatraemic heart failure patients. The efficacy of vaptans 
in hypervolaemic hyponatraemia and cirrhosis is limited  58   
and, given the potential hepatotoxicity seen with tolvaptan, it 
is recommended that tolvaptan should not be given to patients 
with chronic liver disease.  

  Conclusion 

 Hyponatraemia is the commonest electrolyte abnormality 
encountered in clinical practice and is a biochemical 
manifestation of a spectrum of illnesses. It is associated 
with a significant morbidity and mortality. The aetiology of 
hyponatraemia needs to be systematically determined and is 
the critical step to ensure adequate treatment. SIAD is the most 
common cause of euvolaemic hyponatraemia in hospitalised 
patients. Clinical practice guidelines and consensus statements 
provide recommendations to help evidence-based practice. 
Acute hyponatraemia should be promptly managed to protect 
from neurological sequelae, while chronic hyponatraemia 
should be investigated to establish aetiology and cautiously 
treated to avoid overcorrection. ■  

  Conflicts of Interest 

 CJT and MS have received honoraria for lectures from Otsuka. RD has 
no conflicts of interest to declare.     

 References 

  1        Upadhyay   A   ,    Jaber   BL   ,    Madias   NE   .  Incidence and prevalence of 
hyponatremia .  Am J Med   2006 ; 119 ( Suppl 1 ): S30 – 5 .  

  2        Sherlock   M   ,    O’Sullivan   E   ,    Agha   A     et al.     The incidence and 
 pathophysiology of hyponatraemia after subarachnoid 
 haemorrhage .  Clin Endocrinol   2006 ; 64 : 250 – 4 .  

  3        Verbalis   JG   ,    Goldsmith   SR   ,    Greenberg   A     et al.     Diagnosis, 
 evaluation, and treatment of hyponatremia: expert panel 
 recommendations .  Am J Med   2013 ; 126 ( Suppl 1 ): S1 – 42 .  

  4        Spasovski   G   ,    Vanholder   R   ,    Allolio   B     et al.     Clinical practice guideline 
on diagnosis and treatment of hyponatraemia .  Intensive Care Med  
 2014 ; 40 : 320 – 31 .  

  5        Asadollahi   K   ,    Beeching   N   ,    Gill   G   .  Hyponatraemia as a risk factor 
for hospital mortality .  QJM   2006 ; 99 : 877 – 80 .  

  6        Hoorn   EJ   ,    Lindemans   J   ,    Zietse   R   .  Development of severe 
hyponatraemia in hospitalized patients: treatment-related risk 
factors and inadequate management .  Nephrol Dial Transplant  
 2006 ; 21 : 70 – 6 .  

  7        Marco   J   ,    Barba   R   ,    Matia   P     et al.     Low prevalence of hyponatremia 
codification in departments of internal medicine and its prognostic 
implications .  Curr Med Res Opin   2013 ; 29 : 1757 – 62 .  

  8        DeVita   MV   ,    Gardenswartz   MH   ,    Konecky   A   ,    Zabetakis   PM   . 
 Incidence and etiology of hyponatremia in an intensive care unit . 
 Clin Nephrol   1990 ; 34 : 163 – 6 .  

  9        Oude Lansink-Hartgring   A   ,    Hessels   L   ,    Weigel   J     et al.     Long-
term changes in dysnatremia incidence in the ICU: a shift from 
 hyponatremia to hypernatremia .  Ann Intensive Care   2016 ; 6 : 22 .  

  10        Hannon   MJ   ,    Finucane   FM   ,    Sherlock   M   ,    Agha   A   ,    Thompson   CJ   . 
 Clinical review: Disorders of water homeostasis in neurosurgical 
patients .  J Clin Endocrinol Metab   2012 ; 97 : 1423 – 33 .  

CMJv17n3-CME_Sherlock.indd   268CMJv17n3-CME_Sherlock.indd   268 26/05/17   11:03 AM26/05/17   11:03 AM



CME Endocrinology 

© Royal College of Physicians 2017. All rights reserved. 269

  11        Grodin   JL.     Pharmacologic approaches to electrolyte abnormalities 
in heart failure .  Curr Heart Fail Rep   2016 ; 13 : 181 – 9 .  

  12        Miller   M   ,    Morley   JE   ,    Rubenstein   LZ   .  Hyponatremia in a nursing 
home population .  J Am Geriatr Soc   1995 ; 43 : 1410 – 3 .  

  13        Winzeler   B   ,    Jeanloz   N   ,    Nigro   N     et al.     Long-term outcome of 
 profound hyponatremia: a prospective 12 months follow-up study . 
 Eur J Endocrinol   2016 ; 175 : 499 – 502 .  

  14        Gunathilake   R   ,    Oldmeadow   C   ,    McEvoy   M     et al.     Mild hyponatremia 
is associated with impaired cognition and falls in community-
dwelling older persons .  J Am Geriatr Soc   2013 ; 61 : 1838 – 9 .  

  15        Renneboog   B   ,    Musch   W   ,    Vandemergel   X   ,    Manto   MU   ,    Decaux   G   . 
 Mild chronic hyponatremia is associated with falls, unsteadiness, 
and attention deficits .  Am J Med   2006 ; 119 : 71.e1 – 8 .  

  16        Hoorn   EJ   ,    Rivadeneira   F   ,    van Meurs   JB     et al.     Mild hyponatremia as 
a risk factor for fractures: the Rotterdam study .  J Bone Miner Res  
 2011 ; 26 : 1822 – 8 .  

  17        Verbalis   JG   ,    Barsony   J   ,    Sugimura   Y     et al.     Hyponatremia-induced 
osteoporosis .  J Bone Miner Res   2010 ; 25 : 554 – 63 .  

  18        Barsony   J   ,    Sugimura   Y   ,    Verbalis   JG   .  Osteoclast response to low 
extracellular sodium and the mechanism of hyponatremia-induced 
bone loss .  J Biol Chem   2011 ; 286 : 10864 – 75 .  

  19        Singh   TD   ,    Fugate   JE   ,    Rabinstein   AA   .  Central pontine and 
extrapontine myelinolysis: a systematic review .  Eur J Neurol  
 2014 ; 21 : 1443 – 50 .  

  20        Reynolds   RM   ,    Padfield   PL   ,    Seckl   JR   .  Disorders of sodium balance . 
 BMJ   2006 ; 332 : 702 – 5 .  

  21        Knoers   NV   ,    van Os   CH   .  The clinical importance of the urinary 
excretion of aquaporin-2 .  N Engl J Med   1995 ; 332 : 1575 – 6 .  

  22        Thompson   CJ   ,    Bland   J   ,    Burd   J   ,    Baylis   PH   .  The osmotic thresholds 
for thirst and vasopressin release are similar in healthy man .  Clin 
Sci   1986 ; 71 : 651 – 6 .  

  23        Smith   DM   ,    McKenna   K   ,    Thompson   CJ   .  Hyponatraemia .  Clin 
Endocrinol   2000 ; 52 : 667 – 78 .  

  24        Liamis   G   ,    Filippatos   TD   ,    Elisaf   MS   .  Thiazide-associated hypona-
tremia in the elderly: what the clinician needs to know .  J Geriatr 
Cardiol   2016 ; 13 : 175 – 82 .  

  25        Sharabi   Y   ,    Illan   R   ,    Kamari   Y     et al   .  Diuretic induced hyponatraemia 
in elderly hypertensive women .  J Hum Hypertens   2002 ; 16 : 631 – 5 .  

  26        Elliott   WJ   ,    Weber   RR   ,    Murphy   MB   .  A double-blind, randomized, 
placebo-controlled comparison of the metabolic effects of low-dose 
hydrochlorothiazide and indapamide .  J Clin Pharmacol   1991 ; 31 : 751 – 7 .  

  27        Liamis   G   ,    Mitrogianni   Z   ,    Liberopoulos   EN   ,    Tsimihodimos   V   ,    Elisaf  
 M   .  Electrolyte disturbances in patients with hyponatremia .  Intern 
Med   2007 ; 46 : 685 – 90 .  

  28        Al Qahtani   M   ,    Alshahrani   A   ,    Alskaini   A     et al   .  Prevalence of hypona-
tremia among patients who used indapamide and hydrochlorothi-
azide: a single center retrospective study .  Saudi J Kidney Dis Transpl  
 2013 ; 24 : 281 – 5 .  

  29        Baylis   PH.     The syndrome of inappropriate antidiuretic hormone 
secretion .  Int J Biochem Cell Biol   2003 ; 35 : 1495 – 9 .  

  30        Verbalis   JG   ,    Greenberg   A   ,    Burst   V     et al   .  Diagnosing and treating the 
syndrome of inappropriate antidiuretic hormone secretion .  Am J 
Med   2016 ; 129 : 537.e9 – 537.e23 .  

  31        Shepshelovich   D   ,    Leibovitch   C   ,    Klein   A     et al   .  The syndrome of inap-
propriate antidiuretic hormone secretion: distribution and charac-
terization according to etiologies .  Eur J Intern Med   2015 ; 26 : 819 – 24 .  

  32        Lange-Asschenfeldt   C   ,    Kojda   G   ,    Cordes   J     et al   .  Epidemiology, 
symptoms, and treatment characteristics of hyponatremic psychi-
atric inpatients .  J Clin Psychopharmacol   2013 ; 33 : 799 – 805 .  

  33        Atas   E   ,    Kesik   V   ,    Karaoglu   A   ,    Kalkan   G   .  Inappropriate antidiuretic 
syndrome hypersecretion after a single dose of cisplatin .  J Cancer 
Res Ther   2015 ; 11 : 1032 .  

  34        Bartter   FC   ,    Schwartz   WB   .  The syndrome of inappropriate secretion 
of antidiuretic hormone .  Am J Med   1967 ; 42 : 790 – 806 .  

  35        Oelkers   W.     Hyponatremia and inappropriate secretion 
of  vasopressin (antidiuretic hormone) in patients with 
 hypopituitarism .  N Engl J Med   1989 ; 321 : 492 – 6 .  

  36        Cuesta   M   ,    Garrahy   A   ,    Slattery   D     et al   .  The contribution of undiag-
nosed adrenal insufficiency to euvolaemic hyponatraemia: results of a 
large prospective single-centre study .  Clin Endocrinol   2016 ; 85 : 836 – 44 .  

  37        Warner   MH   ,    Holding   S   ,    Kilpatrick   ES   .  The effect of newly diagnosed 
hypothyroidism on serum sodium concentrations: a retrospective 
study .  Clin Endocrinol   2006 ; 64 : 598 – 9 .  

  38        Oren   RM.     Hyponatremia in congestive heart failure .  Am J Cardiol  
 2005 ; 95 : 2b – 7b .  

  39        Albrink   MJ   ,    Hald   PM   ,    Man   EB   ,    Peters   JP   .  The displacement of serum 
water by the lipids of hyperlipemic serum; a new method for the 
rapid determination of serum water .  J Clin Invest   1955 ; 34 : 1483 – 8 .  

  40        Hussain   I   ,    Ahmad   Z   ,    Garg   A   .  Extreme hypercholesterolemia pre-
senting with pseudohyponatremia - a case report and review of the 
literature .  J Clin Lipidol   2015 ; 9 : 260 – 4 .  

  41        Hillier   TA   ,    Abbott   RD   ,    Barrett   EJ   .  Hyponatremia: evaluating the 
correction factor for hyperglycemia .  Am J Med   1999 ; 106 : 399 – 403 .  

  42        Donnelly   H   ,    Connor   S   ,    Quirk   J   .  Central pontine myelinolysis sec-
ondary to hyperglycaemia .  Pract Neurol   2016 ; 16 : 493 – 5 .  

  43        Ellis   SJ.     Severe hyponatraemia: complications and treatment .  QJM  
 1995 ; 88 : 905 – 9 .  

  44        Hyponatraemia   Thompson CJ.   :  new associations and new treatments . 
 Eur J Endocrinol   2010 ; 162  ( Suppl 1 ): S1 – 3 .  

  45        Nigro   N   ,    Winzeler   B   ,    Suter-Widmer   I     et al   .  Evaluation of copeptin 
and commonly used laboratory parameters for the differential 
diagnosis of profound hyponatraemia in hospitalized patients: ‘The 
Co-MED Study’ .  Clin Endocrinol   2016 ; 86 : 456 – 62 .  

  46        Fenske   W   ,    Stork   S   ,    Blechschmidt   A     et al   .  Copeptin in the differential 
diagnosis of hyponatremia .  J Clin Endocrinol Metab   2009 ; 94 : 123 – 9 .  

  47        Fenske   W   ,    Stork   S   ,    Koschker   AC     et al   .  Value of fractional uric acid 
excretion in differential diagnosis of hyponatremic patients on diu-
retics .  J Clin Endocrinol Metab   2008 ; 93 : 2991 – 7 .  

  48        Sterns   RH   ,    Silver   SM   .  Brain volume regulation in response to hypo-
osmolality and its correction .  Am J Med   2006 ; 119 ( Suppl 1 ): S12 – 6 .  

  49        Ball   S   ,    Barth   J   ,    Levy   M   .  Society for Endocrinology Endocrine 
Emergency Guidance: emergency management of severe symptomatic 
hyponatraemia in adult patients .  Endocr Connect   2016 ; 5 : G4 – g6 .  

  50        Koenig   MA   ,    Bryan   M   ,    3rd   Lewin JL     et al   .  Reversal of transtentorial 
herniation with hypertonic saline .  Neurology   2008 ; 70 : 1023 – 9 .  

  51        Arlt   W   .  Society for Endocrinology Endocrine Emergency Guidance: 
emergency management of acute adrenal insufficiency (adrenal 
crisis) in adult patients .  Endocr Connect   2016 ; 5 : G1 – g3 .  

  52        Decaux   G   ,    Soupart   A   ,    Vassart   G   .  Non-peptide arginine-vasopressin 
antagonists: the vaptans .  Lancet   2008 ; 371 : 1624 – 32 .  

  53        Zeltser   D   ,    Rosansky   S   ,    van Rensburg   H     et al   .  Assessment of the 
efficacy and safety of intravenous conivaptan in euvolemic and 
hypervolemic hyponatremia .  Am J Nephrol   2007 ; 27 : 447 – 57 .  

  54        Ghali   JK   ,    Koren   MJ   ,    Taylor   JR     et al   .  Efficacy and safety of oral 
conivaptan: a V1A/V2 vasopressin receptor antagonist, assessed in a 
randomized, placebo-controlled trial in patients with euvolemic or 
hypervolemic hyponatremia .  J Clin Endocrinol Metab   2006 ; 91 : 2145 – 52 .  

  55        Schrier   RW   ,    Gross   P   ,    Gheorghiade   M     et al   .  Tolvaptan, a selective 
oral vasopressin V2-receptor antagonist, for hyponatremia .  N Engl J 
Med   2006 ; 355 : 2099 – 112 .  

  56        Berl   T   ,    Quittnat-Pelletier   F   ,    Verbalis   JG     et al   .  Oral tolvaptan is safe and 
effective in chronic hyponatremia .  J Am Soc Nephrol   2010 ; 21 : 705 – 12 .  

  57        Torres   VE      et al  .  Effect of tolvaptan in autosomal dominant poly-
cystic kidney disease by CKD stage: results from the TEMPO 3:4 
Trial .  Clin J Am Soc Nephrol   2016 ; 11 : 803 – 11 .  

  58        Pose   E   ,    Sola   E   ,    Piano   S     et al   .  Limited efficacy of tolvaptan in patients 
with cirrhosis and severe hyponatremia. Real-life experience .  Am J 
Med   2016 ; 130 : 372 – 5 .    

Address for correspondence: Dr Mark Sherlock, Department of 
Endocrinology, Adelaide and Meath Hospitals Incorporating 
the National Children’s Hospital, Tallaght, Dublin 24, Republic 
of Ireland.
Email:  Mark.sherlock@amnch.ie 

CMJv17n3-CME_Sherlock.indd   269CMJv17n3-CME_Sherlock.indd   269 26/05/17   11:03 AM26/05/17   11:03 AM


