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Abstract

HYPONATREMIA (SERUM SODIUM LEVEL LESS THAN 134 MMOL/L) is a common electrolyte
disturbance. Its high prevalence and potential neurologic sequelae make a logical
and rigorous differential diagnosis mandatory before any therapeutic intervention.
A history of concurrent illness and medication use as well as the assessment of ex-
tracellular volume status on physical examination may provide useful clues as to
the pathogenesis of hyponatremia. Measurement of the effective serum tonicity
(serum osmolality less serum urea level) is the first step in the laboratory evaluation.
In patients with normal or elevated effective serum osmolality (280 mOsm/kg or
greater), pseudohyponatremia should be excluded. In the hypo-osmolar state
(serum osmolality less than 280 mOsm/kg), urine osmolality is used to determine
whether water excretion is normal or impaired. A urine osmolality value of less
than 100 mOsm/kg indicates complete and appropriate suppression of antidiuretic
hormone secretion. A urine sodium level less than 20 mmol/L is indicative of hypo-
volemia, whereas a level greater than 40 mmol/L is suggestive of the syndrome of
inappropriate antidiuretic hormone secretion. Levels of hormones (thyroid-stimulat-
ing hormone and cortisol) and arterial blood gases should be determined in diffi-
cult cases of hyponatremia.

Hyponatremia (serum sodium level less than 134 mmol/L) is a common
electrolyte disturbance occurring in a broad spectrum of patients, from
asymptomatic to critically ill.1,2 There are serious neurologic sequelae as-

sociated with hyponatremia and its treatment. Therefore, a logical, rigorous differ-
ential diagnosis is mandatory before therapy can be begun.3,4 Since hyponatremia is
caused primarily by the retention of solute-free water, its cause encompasses disor-
ders associated with limitation in water excretion.5 The principal causes of hypona-
tremia are summarized in Table 1.

As with other electrolyte abnormalities, the history and physical examination can
provide important clues toward the correct diagnosis. In most cases the initial labo-
ratory evaluation includes measurement of serum osmolality and urine osmolality
(by osmometer if available), urine sodium concentration and serum levels of other
electrolytes (potassium, chloride and bicarbonate) as well as serum concentrations
of urea, glucose, uric acid, total proteins and triglycerides. In addition, determina-
tion of serum levels of thyroid-stimulating hormone and cortisol is important to ex-
clude any associated endocrinopathy (Table 2, Fig. 1). Measurement of arterial
blood gases is also useful in the differential diagnosis of hyponatremia, particularly
in patients with abnormal serum bicarbonate concentrations.

The step-by-step diagnostic evaluation of hyponatremia is shown in Fig. 1.

Serum osmolality

The initial approach to the hyponatremic patient is to measure the serum osmo-
lality to determine whether the hyponatremia represents a true hypo-osmolar
state.1,2,5 Although urea contributes to the absolute value of serum osmolality mea-
sured with an osmometer, it does not hold water within the extracellular space be-
cause of its membrane permeability.1 Urea is an ineffective osmole and does not
contribute to the effective serum osmolality (tonicity). Thus, in a patient with hy-
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ponatremia, normal or elevated effective serum osmolality
(measured as serum osmolality less serum urea level in mil-
limoles per litre) suggests the presence of either pseudo-
hyponatremia (due to hyperparaproteinemia or hyper-
triglyceridemia) or increased concentrations of other
osmoles, such as glucose and mannitol.1,6,7

In the context of marked hyperlipidemia (hypertriglyc-
eridemia) and lactescent serum, lipids occupy space in the
volume of serum, leading to lower readings in the concen-
trations of sodium and free water per litre of serum. How-
ever, the physiologically significant serum water and so-
dium and serum osmolality remain unaffected. Newer
methods using ion-selective electrodes in the measurement
of serum electrolytes may avoid this problem.7,8

In the presence of osmotically active substances (e.g., pa-
tients with hyperglycemia or those receiving mannitol infu-
sions), an increase in serum osmolality is observed, which
results in movement of water out of the cells and subse-
quently a reduction of the serum sodium level by dilution. It
has been calculated that every increase of 3.4 mmol/L in the
serum glucose level will draw enough water out of the cells
to reduce the serum sodium concentration by 1 mmol/L
(i.e., a decrease of 1.6 mmol/L in the serum sodium level
per increase of 5.6 mmol/L in the glucose level).6,9 However,
recent evidence suggests that the hyperglycemia-induced
decrease in sodium concentration is considerably higher
than the “standard” correction factor of 1.6, especially when
glucose levels are greater than 22.2 mmol/L.10 Hillier and
colleagues10 have proposed that a correction factor of
2.4 mmol/L is a better overall estimate of the association
between sodium levels and glucose levels.

Urine osmolality

If a hypo-osmolar state is confirmed, the next step is to de-
termine whether the ability of the kidneys to dilute the urine
is intact by measuring urine osmolality.11 The normal re-
sponse of the kidney is to elaborate maximally dilute urine
(urine osmolality less than 100 mOsm/kg, specific gravity
1.003 or less). If the urine is maximally dilute, it indicates that
antidiuretic hormone (ADH) secretion is completely and ap-
propriately suppressed, a finding seen in patients with pri-
mary polydipsia or reset osmostat syndrome.5,12 Hypona-
tremia is unlikely to develop in the setting of an intact
urine-diluting mechanism.13–15 However, it may occur in the
rare case of patients who ingest large amounts of water (in
isolated instances more than 10 to 15 L/d12). In these cases a
tendency to hyponatremia will be unmasked and enhanced by
a concurrent (even mild) impairment in water excretion.13–15

This occurs in the setting of central nervous system dysfunc-
tion and in patients receiving antipsychotic agents, or it may
be due to nausea or stress-induced ADH secretion. Another
unusual situation, in which modest amounts of fluid intake
can lead to hyponatremia even when the urine-diluting ability
is intact, is observed in cases of extremely reduced solute in-
take, in which the ability to excrete water is reduced by a poor

dietary intake.14 This phenomenon has been described in pa-
tients with chronic alcoholism and is often referred to as
“beer potomania syndrome” but has also been reported in pa-
tients with extremely limited intake of solid foods.13–15

Decreased urine osmolality is also observed in some pa-
tients with reset osmostat syndrome, when water intake re-
duces the serum osmolality below the new threshold for
ADH release.16 Reset osmostat syndrome (discussed in a
separate section later in this article) is a variant of the syn-
drome of inappropriate ADH secretion (SIADH) and is
present in about one-third of patients with SIADH.
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Table 1: Principal causes of hyponatremia (serum sodium level
less than 134 mmol/L)

Disorders associated with impaired capacity of renal water excretion
Effective arterial blood volume depletion
Extrarenal losses

Gastrointestinal disorders: vomiting, diarrhea
Third-space losses: burns, ileus, pancreatitis, peritonitis

Renal losses
Therapy with diuretics: thiazides, loop diuretics
Osmotic diuresis: glucose, mannitol, urea
Salt-losing nephropathies, including cerebral salt-wasting syndrome
Renal failure

Edematous states: congestive heart failure, liver disease, nephrotic
syndrome, pre-eclampsia
Antidiuretic hormone (ADH) excess
Syndrome of inappropriate ADH secretion (SIADH), mineralocorticoid
deficiency, hypothyroidism

Disorders associated with normal renal water excretion
Primary (compulsive) polydipsia
Reset osmostat syndrome

Disorders associated with pseudohyponatremia
Hyperlipidemia
Hyperparaproteinemia

Table 2: Laboratory tests for the differential diagnosis of
hyponatremia

Preliminary tests
Serum osmolality
Urine osmolality or urine specific gravity
Urine levels of sodium and creatinine, and calculation of fractional
  excretion of sodium (FENa+)*
Serum levels of potassium, chloride and bicarbonate
Serum levels of glucose, urea, creatinine, total proteins, triglycerides
  and uric acid
Serum levels of thyroid-stimulating hormone and cortisol
Additional tests
Arterial blood gases if serum bicarbonate level is abnormal
Urine levels of urea and uric acid, and calculation of their fractional
  excretion† for the differential diagnosis of hypovolemia versus SIADH

*FENa+ = (Usodium × Pcreatinine) × 100/(Psodium × Ucreatinine).

†FEurea = (Uurea × Pcreatinine) × 100/(Purea × Ucreatinine); FEurate = (Uurate × Pcreatinine) ×
100/(Purate × Ucreatinine).
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Fig. 1: Clinical diagnostic algorithm for hyponatremia. TSH = thyroid-stimulating hormone, EABV = effective arterial blood vol-
ume, SIADH = syndrome of inappropriate secretion of antidiuretic hormone, FE = fractional excretion.
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Urine sodium concentration

In patients with hyponatremia and inappropriately con-
centrated urine, it is particularly important to assess the ef-
fective arterial blood volume.11 A decreased volume is by far
the most common cause of hyponatremia in everyday clini-
cal practice.

Hypovolemia can be determined clinically by the pres-
ence of postural changes in blood pressure and pulse rate.
Measurement of urine electrolyte levels is also extremely
useful in the assessment of effective arterial blood volume,
since patients with volume depletion exhibit low urinary
excretion of sodium and chloride (sodium level less than 20
mmol/L, chloride level less than 20 mmol/L).2,11,17,18 A urine
sodium level less than 20 mmol/L in hypovolemia is rele-
vant if renal salt wasting does not exist.19 On the other
hand, an increased urine sodium level is usually observed in
patients with euvolemic hyponatremia (urinary sodium
level greater than 40 mmol/L). However, the urine sodium
concentration in euvolemic hyponatremia may be less than
20 mmol/L when dietary sodium intake is low.

An increased urine sodium concentration (greater than
40 mmol/L) is also found in sodium-wasting conditions,
such as recent diuretic therapy, certain renal parenchymal
diseases, adrenal insufficiency and metabolic alkalosis
(Table 3).11,17,18 Hyponatremia occurs almost exclusively
with thiazide (and, less commonly, loop) diuretics, which
act in the distal tubule, interfering only with urine dilu-
tion.20 Several mechanisms have been postulated, including
hypovolemia-stimulated ADH release, interference with
urine dilution in the cortical diluting segment, and an alter-
ation in osmoreceptor sensitivity and thirst regulation me-
diated by potassium depletion.20

The ability of the kidney to both conserve sodium and
dilute the urine is impaired in patients with progressive re-
nal disease owing to the associated osmotic diuresis.11 How-
ever, the capacity of water excretion is relatively maintained
in mild to moderate renal disease, and water retention and
hyponatremia are seen only when the glomerular filtration
rate falls to very low levels.11 For instance, when the glom-
erular filtration rate has fallen to about 5 mL/min, only
about 1.5 L/24 h can be excreted as water. Hence, a patient
drinking in excess of that amount will be at risk for water
retention and hyponatremia. In patients with chronic renal
failure, salt wasting seems to occur only after acute reduc-

tions in salt intake and is reversible or preventable if salt
intake is gradually reduced over time.21

It is of interest that metabolic alkalosis represents one of
the conditions in which volume depletion may not be asso-
ciated with decreased urine sodium concentrations.11,22 This
condition is seen primarily in patients presenting with vom-
iting or even chronic metabolic alkalosis. In this clinical set-
ting (i.e., active vomiting) a disequilibrium state exists in
which the filtered load of sodium bicarbonate exceeds the
reabsorptive capacity of the proximal tubule, which leads to
increased delivery of sodium bicarbonate distally.11,22 Bicar-
bonate acts as a nonreabsorbable anion in this situation, re-
sulting in an obligatory sodium bicarbonate loss in the
urine. Once vomiting has ceased and the patient has reached
an equilibrium state, the urine sodium level will be low since
the capacity of the proximal tubule for sodium bicarbonate
reabsorption now equals the filtered load.11,22

In the context of metabolic alkalosis related to volume
depletion, urinary chloride excretion is low (less than 10 to
20 mmol/L) owing to increased renal reabsorption of chlo-
ride. Therefore, determination of the urine chloride level
may be of help, and this index is sometimes preferred to the
urine sodium level as a measure of extracellular volume.22

In patients with equivocal findings (i.e., urine sodium
level 20 to 40 mmol/L), the response of serum sodium and
its fractional excretion (FENa+) to the administration of
normal saline (1 to 2 L/d for 1 to 2 days) can be used to
establish a correct diagnosis. An increase of less than
5 mmol/L in serum sodium levels and an increase of greater
than 0.5% in FENa+ is highly suggestive of SIADH,
whereas the opposite (an increase in serum sodium levels
greater than 5 mmol/L and an increase of less than 0.5% in
FENa+) is evident in hypovolemia.17,23

Urea and uric acid levels

Serum composition can also be used to assess the effective
arterial blood volume. In fact, urea is particularly sensitive to
hypovolemia. Thus, in patients with a normal serum creati-
nine level, an increase in serum urea levels (and therefore in
the urea:creatinine ratio) suggests hypovolemia, whereas a
decrease in serum urea levels is indicative of an increase in
extracellular volume.11,24 In fact, a low serum urea concentra-
tion is frequently reported in patients with SIADH, in whom
the volume is somewhat expanded.25–27 Musch and associates23

found that hyponatremic patients presenting with decreased
FENa+ (less than 0.5%) combined with decreased fractional
excretion of urea (less than 55%) responded successfully to
the administration of normal saline, signifying a decrease in
effective arterial blood volume (Fig. 1).

Similarly, serum uric acid levels may be used in the differ-
ential diagnosis of hyponatremia.19,25–28 It has been reported
that patients with hypovolemia tend to exhibit increased
serum uric acid levels (greater than 0.3 mmol/L).25 In con-
trast, in patients with SIADH, serum uric acid levels are ac-
tually depressed (less than 0.24 mmol/L).19,28 This decrease in

Table 3: Situations associated with hyponatremia and an
increased urine sodium level (greater than 40 mmol/L)

SIADH
Hypothyroidism
Adrenal insufficiency
Some cases of vomiting and metabolic alkalosis
Osmotic diuresis
Diuretics (when the drugs are still acting)
Renal failure



serum uric acid levels typically results from an increase in
urate excretion (fractional excretion of urate greater than
10%). Hyperuricuria has been attributed to water retention
and the resultant expansion of serum volume, which, in turn,
leads to reduced sodium and urate reabsorption.19,25–28 How-
ever, it remains questionable whether volume expansion per
se is a major determinant that causes a significant increase in
urate excretion rates in humans.29 In fact, there is evidence
that hypouricemia related to high urate clearance may also
be encountered in some hypovolemic patients who exhibit
cerebral salt-wasting syndrome30 (this syndrome is discussed
in a separate section later in this article).

Hormonal disorders

It is of interest that the serum sodium concentration
may be low (by as much as 130 mmol/L) in pregnant wo-
men owing to human chorionic gonadotropin-induced re-
lease of a hormone (relaxin) that is associated with a down-
ward resetting of serum osmolality.31

Hyponatremia can occur in the setting of adrenal (pri-
mary or secondary) insufficiency and hypothyroidism.32,33

Therefore, serum levels of thyroid-stimulating hormone
and random cortisol should be determined in confusing
cases of hyponatremia and before a diagnosis of SIADH is
made. Glucocorticoid deficiency increases water perme-
ability in the collecting tubules. Elevated ADH levels have
also been found in patients with glucocorticoid deficiency.32

In patients with hypothyroidism, both ADH-mediated and
intrarenal mechanisms have been implicated in the patho-
genesis of hyponatremia.33

Acid-base status and potassium homeostasis

Acid-base status and potassium balance should be evalu-
ated in certain cases of hyponatremia (Table 4).11,34,35 For ex-
ample, the presence of metabolic acidosis and hyperkalemia
is suggestive of renal function impairment or adrenal insuf-

ficiency, whereas a diarrheal syndrome is usually associated
with metabolic acidosis and hypokalemia. Excessive vomit-
ing or the use of diuretics may result in hyponatremia in
association with metabolic alkalosis and hypokalemia.
However, acid-base status and potassium balance are not
disturbed in SIADH.34,35

Special issues

Volume depletion versus syndrome of inappropriate
antidiuretic hormone secretion

Hyponatremia is the most common electrolyte abnor-
mality in the general hospital population (seen in 2% of
patients in hospital).2,5,24 In the everyday clinical setting,
hypovolemia and SIADH are 2 clinical entities of major sig-
nificance associated with low serum sodium levels.11 It is
therefore useful to be able to differentiate between these
conditions by applying simple diagnostic tests and manoeu-
vres.11,24 Clinical findings, such as postural changes in blood
pressure and pulse rate, together with laboratory evidence
of hemoconcentration (e.g., high hematocrit and serum to-
tal protein values) suggest a hypovolemic state. Further-
more, volume-depleted patients exhibit more concentrated
urine (urine osmolality greater than 450 mOsm/kg) and
lower urinary sodium excretion (urine sodium level less than
20 mmol/L and FENa+ less than 1%) than do patients with
SIADH (urine osmolality greater than 100 mOsm/kg, urine
sodium level greater than 40 mmol/L and FENa+ greater
than 1%). In addition, prerenal azotemia (serum urea:creati-
nine ratio greater than 0.17) and hyperuricemia (serum uric
acid level greater than 0.3 mmol/L) are often present in pa-
tients with hypovolemic hyponatremia.19,28 In contrast, pa-
tients with SIADH commonly exhibit low serum uric acid
levels (less than 0.24 mmol/L) associated with increased
fractional excretion of urate (greater than 10%).19,28 Finally,
the response of serum sodium and FENa+ to the adminis-
tration of normal saline (1 to 2 L/d for 2 days) can be used
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Table 4: Possible causes of hyponatremia according to acid-base status and serum
potassium level

Potassium status; cause

Acid base status

Hyperkalemia
(potassium level
> 5.0 mmol/L)

Normokalemia
(potassium level
3.5–5.0 mmol/L)

Hypokalemia
(potassium level
< 3.5 mmol/L)

Metabolic acidosis Renal failure
Adrenal insufficiency Diarrhea

Metabolic alkalosis Vomiting
Diuretic therapy

SIADH
Compulsive polydipsia
Cortisol deficiency

Normal pH
(7.35–7.45)

Hypothyroidism
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to establish the correct diagnosis. Patients with hypovolemia
respond with an increase of more than 5 mmol/L in serum
sodium level together with an increase of less than 0.5% in
FENa+; the opposite is expected in patients with SIADH.23

Reset osmostat syndrome

Reset osmostat syndrome may be identified as a cause of
chronic hyponatremia in several conditions, such as preg-
nancy, hypovolemic states, quadriplegia, psychosis and
other chronic debilitating illnesses, including tuberculosis,
encephalitis, malignant disorders and malnutrition.16,36,37

The suggested mechanism is a downward resetting of the
serum osmolality level at which the osmoreceptors control
ADH secretion.37 Patients with reset osmostat syndrome
commonly exhibit normovolemic hyponatremia, exhibit
normal adrenal, renal and thyroid function and no evidence
of cardiac or hepatic disease, exhibit normal excretion of a
standard (10 to 15 mL/kg given orally or intravenously)
water load (i.e., excretion of more than 80% within 4
hours), exhibit an intact urine-diluting ability, achieving es-
sentially normal maximal urine dilution (serum osmolality
less than 100 mOsm/kg) after an oral water-loading test,
and retain the ability to concentrate urine at a serum osmo-
lality level above the reset level. These features constitute
the diagnostic criteria of the syndrome. Thus, the diagnosis
of reset osmostat syndrome relies on the response to water
restriction and the presence of an intact urine-diluting abil-
ity, which result in an increase in urine osmolality, since
slight elevation of serum sodium levels will stimulate ADH
release. Patients with reset osmostat syndrome have normal
osmoreceptor responses to changes in serum osmolality,
although the threshold for ADH release is reduced. Conse-
quently, the serum sodium levels are below normal but
stable (usually between 125 and 130 mmol/L), since the
ability to excrete water is maintained.16,37

Cerebral salt-wasting syndrome versus syndrome 
of inappropriate antidiuretic hormone secretion

Cerebral salt-wasting syndrome has been described in
patients with intracranial disease (mainly those with sub-
arachnoid hemorrhage) who manifest hyponatremia and
meet some of the diagnostic criteria of SIADH.38 Cerebral
salt-wasting syndrome is not only regarded as a distinct
clinical entity but is also considered by some, particularly
neurosurgeons, to be more common than SIADH.39–41

However, in most of these patients there is evidence of ex-
tracellular fluid volume depletion, which stimulates ADH
release.38,42,43 In this respect, the high urine sodium concen-
tration seems to be due to urine sodium wasting and not to
volume expansion. Although the exact mechanism of natri-
uresis is unknown, it has been suggested that a brain natri-
uretic peptide (atrial natriuretic peptide and endogenous
ouabain have also been incriminated44) is released and
causes an increase in sodium excretion and in urine vol-

ume.11,38 The natriuretic factor has been identified as a pro-
tein and has been partially characterized.44,45 Work is under-
way to isolate and identify this natriuretic factor. A natri-
uretic factor with characteristics similar to those observed
in patients with intracranial disease has been reported in
patients with Alzheimer’s disease.45

The changes in uric acid homeostasis are particularly
useful in differentiating between SIADH and cerebral salt-
wasting syndrome.28,44 Uric acid levels are depressed in pa-
tients with SIADH,19,25–27 whereas in volume-depleted pa-
tients with hyponatremia uric acid levels are normal or
slightly increased in the presence of intact renal tubular
function.44 However, uric acid levels are depressed when
there is renal salt wasting. In fact, serum uric acid levels in
cerebral salt-wasting syndrome tend to be unexpectedly low
owing to a tubular transport abnormality for uric acid.38,44

Thus, hypouricemia and high urine levels of uric acid may
be common features of intracranial disease in general.44,46

Hypouricemia and increased renal uric acid excretion have
been noted in patients with Alzheimer’s disease even in the
absence of hyponatremia.38,43,47 There is also evidence that
hypouricemia and hyponatremia coexist in patients with
AIDS.44 The course of hypouricemia after reversal of hypo-
natremia has been proposed as a useful diagnostic tool in
distinguishing between SIADH and cerebral salt-wasting
syndrome.28 Correction of the serum sodium concentration
leads to normalization of uric acid handling by the kidney in
SIADH, but in cerebral salt-wasting syndrome hypo-
uricemia and increased renal uric acid excretion persist.38,44

The demonstration of a natriuretic factor in the serum
of patients with persistent hypouricemia, hyperuricuria
(fractional excretion of urate greater than 10%) and possi-
ble renal salt wasting has raised the possibility that the
tubule transport defect for sodium and urate might be due
to a single circulating plasma protein.29,45 It has been postu-
lated that the natriuretic factor is present in patients with
renal salt wasting but not in those with SIADH.44 In clinical
practice the identification of this factor would be valuable
in differentiating renal salt wasting from SIADH before ap-
propriate therapy is started. Since renal salt wasting appears
to be more common than SIADH in patients with intra-
cranial disease, distinguishing between these 2 situations
would help prevent potential complications resulting from
inappropriate treatment.45
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