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Abstract
HYPONATREMIA IS COMMON IN BOTH INPATIENTS and outpatients. Medications are often the cause of acute or chronic hyponatremia.
Measuring the serum osmolality, urine sodium concentration and
urine osmolality will help differentiate among the possible causes.
Hyponatremia in the physical states of extracellular fluid (ECF) volume contraction and expansion can be easy to diagnose but often
proves difficult to manage. In patients with these states or with normal or near-normal ECF volume, the syndrome of inappropriate
secretion of antidiuretic hormone is a diagnosis of exclusion, requiring a thorough search for all other possible causes. Hyponatremia should be corrected at a rate similar to that at which it developed. When symptoms are mild, hyponatremia should be
managed conservatively, with therapy aimed at removing the offending cause. When symptoms are severe, therapy should be
aimed at more aggressive correction of the serum sodium concentration, typically with intravenous therapy in the inpatient setting.
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Case
A 72-year-old woman presents to your office with a 2-day history of presyncope when rising from a chair. She has been taking
hydrochlorothiazide, 25 mg/d, for 5 years for systolic hypertension. Over the last week she has had a bout of viral gastroenteritis with marked diarrhea. She has been trying to replace the lost
fluids by drinking 2–3 L of water per day. You determine that
when she rises from a seated position, her blood pressure drops
20 mm Hg; her jugular venous pressure is low. Serum levels are
as follows: sodium 128 mmol/L, potassium 3.1 mmol/L, creatinine 125 mmol/L and urea nitrogen 10 mmol/L.
What is your approach to this woman’s hyponatremia?

H

yponatremia is common in both inpatients and
outpatients. Its causes are numerous and often
elusive. Having a simple approach to assessment
and treatment can be helpful in most cases that present in
clinical practice. This review is meant to be a simplified,
clinically based overview of the diagnosis and management
of hyponatremia. Pathophysiological details of common
and rare causes of hyponatremia and a detailed laboratory
approach to diagnosis can be found elsewhere.1

Diagnosis
The symptoms and signs of hyponatremia vary from
subtle to extreme; none is specific (Box 1). The diagnosis is
confirmed by laboratory findings. Hyponatremia is typically defined as a serum sodium concentration of less than
134 mmol/L. In the past, hyponatremia was often diag-

nosed erroneously when the patient had high levels of
serum lipids or plasma proteins. This should no longer be a
concern because of the sodium electrode method used in
almost every centre in Canada. In addition, hyponatremia
occurs, but is not usually symptomatic, when the serum osmolality is elevated by severe hyperglycemia or mannitol
infusion. The lowered serum sodium concentration is due
to dilution by osmotic shifts of water out of cells. In these
cases, the high serum osmolality will help to differentiate
these causes from other “true” causes.
“True” hyponatremia occurs when the serum osmolality
or tonicity is decreased. For this defect to occur, there has
to be some inability of the body to excrete free water
through the kidneys despite continued water intake. This
can occur in the following 3 settings (Table 1).

Contracted extracellular fluid (ECF) volume
With ECF volume contraction from any cause (diarrhea,
vomiting, excessive sweating, diuretic use), the release of
antidiuretic hormone (ADH) is stimulated to defend ECF
volume; this makes the kidney’s distal tubules more permeable to water reabsorption. Furthermore, renin is released in
response to the decreased renal perfusion secondary to ongoing volume contraction, and this signals the kidneys to
avidly retain sodium. This concomitant retention of water
and sodium is appropriate in this setting and is supported by
a low urine sodium concentration (< 20 mmol/L) and, often,
a low urine volume. Often the person who has a contracted
ECF volume will drink water or another low-solute fluid
(e.g., tea), which contributes further to the hyponatremia.
These patients, by definition, have serum sodium and body
water levels that are lower than normal but have more loss
of sodium relative to loss of water.4,5

Box 1: Symptoms and signs
of hyponatremia
•
•
•
•
•
•
•
•

None
Headache
Lethargy
Dizziness and ataxia
Mild confusion
Psychosis
Seizures
Coma
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Normal or near-normal ECF volume
In the setting of hyponatremia and clinically normal or
near-normal ECF volume, ADH release or renal tubular
responsiveness to ADH may be unrelated to serum tonicity
or ECF volume contraction. In these situations, the patient
is said to have the syndrome of inappropriate secretion of
ADH (SIADH) or “a reset osmostat”.3,6–10 In SIADH, the
serum sodium concentration falls as the kidneys inappropriately retain free water. The patient’s normal amount of
body sodium is functionally diluted by the retained water.
The patient appears to have a normal ECF volume or mild
ECF volume overload (“near normal”). The urine sodium
concentration is typically greater than 40 mmol/L.
The many causes of SIADH (Box 2) include almost any
pulmonary or neurologic problem. Some lung cancers can
produce ectopic ADH, which signals inappropriately to the
kidney. Numerous medications can have an ADH-like effect on the renal tubules or potentiate the effect of endogenous ADH: some of the more common agents are presented in Box 3. Other stimuli include pain and excessive
nausea and vomiting.11–14
Two other potential causes of hyponatremia in patients
with normal or near-normal ECF volume are hypothyroidism and adrenal insufficiency. A diagnosis of SIADH
can be made only when these conditions have been ruled
out by appropriate tests (e.g., determining the serum concentration of thyroid stimulating hormone or performing
the cortisol stimulation test) and cannot be made when the
patient has renal failure or an abnormal ECF volume.
In the rarer setting of a reset osmostat, which can occur
in various chronic and debilitating disease states, there is
felt to be a lowered setting of osmoreceptors. In these
cases, the receptors will stimulate ADH release at lower

serum osmolalities. Typically this resetting is chronic and
the diagnosis is suspected because the serum sodium concentration, although lower (typically 124–134 mmol/L), is
stable and remains at these levels for long periods. By definition, as in the diagnosis of SIADH, these patients must
have normal renal, thyroid and adrenal function. Although
beyond the scope of this review, the diagnosis of reset osmostat can be made by challenging these patients with a
water load and measuring the ability to maximally dilute
the urine osmolality.3–5

Box 2: Causes of syndrome of inappropriate
secretion of antidiuretic hormone (SIADH)
Malignant disease
• Bronchogenic carcinoma
Pulmonary disorders
• Viral and bacterial pneumonias
• Tuberculosis
Neurologic disorders
• Encephalitis
• Meningitis
• Trauma
• Stroke
• Alcohol withdrawal
Other
• HIV/AIDS
• Acute psychosis
• Acute intermittent porphyria
• Idiopathic

Table 1: Causes and characteristics of hyponatremia*
Volume of extracellular fluid
Variable

Normal or
near normal

Contracted

Expanded

Causes

Diarrhea; vomiting;
excessive sweating; poor
water intake; diuretic use

Syndrome of inappropriate
secretion of antidiuretic
hormone; hypothyroidism;
adrenal insufficiency

Congestive heart failure;
cirrhotic liver disease;
nephrotic syndrome

Serum osmolality

Low

Low

Low

Urine osmolality,
mOsm/L†

> 500

> 100

> 100

Urine volume

Usually decreased

Varies with intake

Usually decreased

Urine sodium
concentration, mmol/L

< 20‡

> 40

< 20‡

Response to 0.9% saline
infusion

Clinical and biochemical
improvement

No change or worsening of
hyponatremia

Little change in hyponatremia;
worsening of edema

*For simplicity, conditions such as cerebral salt wasting2 and “reset osmostat”3 have been omitted.
†Values less than 100 imply an appropriate pituitary and renal response to hyponatremia, as would be expected with psychogenic polydipsia. The variability in urine
osmolality results in low sensitivity and specificity for causes of hyponatremia in which the osmolality is greater than 100 mOsm/L.
‡May be greater than 20 with diuretic use.
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Management
Box 3: Drugs causing hyponatremia
Drugs that stimulate the release of antidiuretic
hormone (ADH)
• Carbamazepine
• Antidepressants
• Clofibrate
• Chlorpropamide
• Opiates
Drugs that potentiate ADH in the kidneys
• NSAIDs
• Cyclophosphamide
Drugs whose mechanism is unclear
• Haloperidol
• Amitriptyline
• Ecstasy (methylenedioxymethamphetamine)

Expanded ECF volume

The key to effective management of hyponatremia is establishing the type and its cause, so that the cause can be
removed, if possible, and the management will be appropriate. Paramount is clarifying whether the hyponatremia has
developed quickly (over a few days) and is acute or whether
it has developed over days to weeks and is chronic. The rapidity of correction of the serum sodium concentration
should be closely linked to the suspected time over which
the hyponatremia has developed.
If the patient has only mild symptoms of hyponatremia
(headache, lethargy, dizziness), or is asymptomatic, and the
hyponatremia is not severe (sodium level > 125 mmol/L),
we recommend a conservative approach. Discontinuation of
all possible offending drugs is important. In SIADH or the
edema-producing states, a trial of water restriction to less
than 1 to 1.25 L/d (depending on the degree of hyponatremia) can be attempted; the serum sodium level should be
measured at regular intervals to look for improvement.4,8–12
If the serum sodium level continues to fall, the patient
may require an intravenous trial of normal saline to clarify
the diagnosis. If the patient has ECF volume contraction
(which may not be clinically apparent), a trial of saline will
always improve the serum sodium level. If the patient has
SIADH, the hyponatremia will worsen. The trial should be
done with caution, following the “rules” for sodium correction (Box 4). Rapid correction can result in osmotic demyelination syndrome, with resultant severe brain injury
and potentially death.9–12,15
Hyponatremia that has developed slowly (over several
weeks) must be clearly distinguished from acute, newly developed hyponatremia. Patients with chronically low serum
sodium concentrations tend to be the least symptomatic

The cause of this type of hyponatremia is usually easy to
identify. Edema-producing states, such as chronic congestive
heart failure, cirrhosis and nephrotic syndrome, can all cause
hyponatremia. The patients have an ECF volume overload
and an elevated body content of sodium and water but, by
definition, have more water relative to sodium. However,
these patients often have a low effective circulating volume
and poor renal perfusion. Because the kidney does not distinguish between a low effective circulating volume and ECF
volume contraction, it will avidly retain sodium and water,
which leads to edema. The urine sodium concentration is
usually less than 20 mmol/L but may be higher if the patient
is receiving diuretic therapy. These patients may also have ECF volume contraction from correctible causes and may reBox 4: “Rules” for sodium correction
spond to a gentle oral challenge of isotonic
• In general, correct the serum sodium concentration at an hourly rate
salt and water. Nephrotic syndrome can
of no more than 0.5 mmol/L.
be ruled out by testing a urine sample and
a 24-hour urine collection for protein; the
• If symptoms are severe, more rapid correction is necessary in the first
few hours, since the patient is at risk of cerebral edema.
24-hour amount will be greater than 3.0 g
in nephrotic syndrome.
• With intravenous therapy, correct the serum sodium concentration by
Rarely, in the outpatient setting, a pano more than 12 mmol/L in the first 12–16 hours, or 0.5–1.0 mmol/L
per hour.
tient will present with hyponatremia secondary to psychogenic polydipsia. Typi• Choose an intravenous solution according to the symptoms. Reserve
cally seen in patients with schizophrenia or
hypertonic saline (5 mmol/10 mL) for patients with severe symptoms.
Given at a rate of 25 mL/h, this solution should correct the serum
other psychiatric diseases, this disorder is
sodium concentration by about 10 mmol/L over the first day. Isotonic
due to ingestion of large volumes of water
saline should, as a rule, raise the serum sodium concentration by
(> 20 L) over a short period. The hypona1–2 mmol/L per litre of infused saline.
tremia, which can cause confusion or
• In extracellular fluid (ECF) volume contraction, isotonic saline should
seizures, develops temporarily and resolves
be the first choice for therapy, as it will expand the ECF volume,
quickly as the kidneys work to excrete the
which will lead to decreased ADH release and help correct the serum
excessive free water.4,5,7 The urine is dilute
sodium concentration.
(osmolality < 100 mOsm/L), as is the
serum (normal range, 280–295 mOsm/L).
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and are at highest risk of severe side effects if the sodium
concentration is corrected too rapidly.16–24
The long-term management of SIADH can be difficult
when no offending agent can be found or the process at
work is not reversible (as with bronchogenic or other carcinomas). It is possible to inhibit the renal effects of ADH
with lithium carbonate, but this agent has a narrow thera-

peutic index.19 Demeclocycline (a tetracycline), 600 mg
daily, may also be used, since it inhibits cyclic adenosine
monophosphate, which diminishes the intracellular effects
of ADH on the renal tubular cells.19
The management of hyponatremia in patients with hypervolemia can be difficult. Water restriction to less than
1.25 L/d is essential. Sodium restriction to 70 mmol/d

Is the hyponatremia severe?
([Na+] < 125 mmol/L)

Yes

No

Significant
sequelae unlikely

Are there symptoms?
(confusion, ataxia, headache,
seizures, obtundation)

Yes

No
Hyponatremia likely
chronic

What is the duration of
the hyponatremia?

Acute
(< 48 h)

Chronic/unknown
(> 48 h)

Emergency correction with
hypertonic (3%) saline (1–2 mL/kg
hourly until [Na+] > 125 mmol/L)

Urgent correction with 0.9% saline or, until
symptoms resolve, with hypertonic (3%) saline
(1–2 mL/kg hourly); thereafter, correct at rate of
about 0.5 mmol/L hourly with 0.9% saline

Urgent intervention
unnecessary. Assess ECF
volume and correct
[Na+] at hourly rate of
about 0.5 mmol/L

What is the ECF volume status?

Contracted
Discontinue offending medications;
restore intravascular volume with 0.9%
saline, given intravenously; then give
salt and water orally

Normal or near normal
Rule out hypothyroidism and
hypoadrenalism; discontinue offending
medications; restrict fluids to 750–1500
mL/d; give demeclocylcine, 600 mg/d

Expanded
Optimize treatment of underlying
problems (cardiac, hepatic, renal);
restrict salt and water intake; give
diuretics

Fig. 1: Algorithm for the recommended management of hyponatremia. [Na+] = serum sodium concentration; ECF = extracellular fluid.
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(with the aid of a dietitian) will help with edema. A loop diuretic should be used to promote sodium and water excretion by the kidneys. In both congestive heart failure and
cirrhosis, the addition of a potassium-sparing diuretic is
useful to prevent hypokalemia and lessen edema (and ascites). Referral to a cardiologist or hepatologist may be necessary in cases of refractory heart failure or cirrhotic ascites.
Patients with nephrotic syndrome should be referred to a
nephrologist, as specific therapies (e.g., with corticosteroids
and immunosuppressive drugs) may be directed at the
cause of their disease and reduce proteinuria.
Fig. 1 presents a suggested management algorithm.

The case revisited
The patient has clinical signs of ECF volume contraction. The most likely cause is gastrointestinal losses of salt
and water, with only water replacement. It is also likely that
the thiazide diuretic is contributing to the hyponatremia.
Thiazides impair the kidney’s ability to produce a dilute
urine.19 Both thiazides and loop diuretics (e.g., furosemide)
impair the kidney’s ability to reabsorb sodium, but thiazides also impair free water excretion.24,25 With continued
fluid intake and impaired excretion of water, hyponatremia
can develop rapidly. The ECF volume contraction, diarrheal losses and diuretic use have also resulted in hypokalemia in this patient. As ECF volume contraction develops, the kidneys actively excrete potassium in exchange for
sodium in an attempt to preserve ECF volume.
Another factor potentially contributing to this patient’s
hyponatremia may be the “tea and toast” phenomenon. In
elderly patients with a diet poor in protein and sodium, hyponatremia may be worsened by their low solute intake.
The kidney’s need to excrete solutes aids in water excretion. An increase in dietary protein and salt can help improve water excretion. By a mechanism similar to that in
the “tea and toast” phenomenon, hyponatremia can occur
with excessive beer drinking, although this was unlikely in
our patient. “Beer-drinker’s potomania” is caused by a beer
“diet” that is high in fluid but low in solute. In both situations, a 24-hour urine collection will reveal a solute excretion of less than 500 mOsm/d.
The management of our patient should include temporary discontinuation of the thiazide diuretic. Although her
hyponatremia has developed over about a week, she has clear
evidence of ECF volume contraction. Volume restoration
with normal saline and potassium replacement is required until the postural drop in blood pressure is less than 10 mm Hg.
She should then be treated conservatively with oral sodium
and potassium replacement. She should be reassessed frequently to ensure improvement. An alternative medication
should be sought to treat her systolic hypertension.26 If the
thiazide diuretic is to be reintroduced, measurement of the
serum electrolyte concentrations should be undertaken
5–7 days later to ensure that hyponatremia has not recurred.
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