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Sodium (Na�) is the main electrolyte in
the extracellular compartment (ECC)
and its level represents the relative
content of sodium in relation to water.
Sodium loss in excess of water loss or
water gain will result in hyponatraemia,
while water loss in excess of sodium or
sodium excess will result in hyperna-
traemia. The body regulates serum Na�

through:

• aldosterone, by exchanging potassium
for Na� at the distal tubule

• vasopressin by water reabsorption in
the collecting ducts

• angiotensin II by Na� reabsorption
in the proximal tubule, and

• atrial natriuretic peptide by sup-
pressing the renin-angiotensin-
aldosterone system and Na� excretion
from the collecting duct.

Hyponatraemia

Although hyponatraemia is a relative
decrease of Na� to water, in practice it is
almost always dilutional with a low
plasma osmolality, indicating that water
intake has exceeded water excretion.1

It is the most common disorder of
electrolytes encountered in clinical practice,
occurring in up to 15–30% of hospitalised
patients.2

Clinical features

Although an arbitrary division, hypona-
traemia is considered acute if it develops
within 48 hours or chronic if it takes
longer.1 The former results in brain
oedema, causing nausea and malaise

when the Na� is 125–130 mmol/l.
Headache, obtundation, convulsion,
coma and death may ensue when serum
Na� is below 110–115 mmol/l. Although
chronic hyponatraemia is considered
asymptomatic above this level, subtle
symptoms may be present at a higher
Na� concentration (�120 mmol/l)
(eg lethargy and dizziness) and an even
higher risk of falls presumably due to
unsteadiness.3

Brain adaptation

The brain adapts to hyponatraemia after
48 hours by shifting solutes to the ECC,
thereby protecting itself from cell
oedema. This adaptive mechanism takes
days to develop fully. Correcting hypona-
traemia rapidly (�10–12 mmol/l/day)
causes fluid to shift from the intracellular
compartment (ICC) to the ECC.
Consequently, the brain limits cell
shrinkage by the reuptake of solutes to
prevent water escape. This reuptake is
slower than the initial loss and the brain
cells shrink as a result of a net fluid loss,
resulting in osmotic demyelination in
different parts of the brain, notably the
pons. Risk factors for osmotic demyeli-
nation are alcoholic cirrhosis and
hypoxia, while premenopausal women
and endurance athletes are at high risk
of brain damage or death from
hyponatraemia.4,5

Classification

Solutes that are impermeable to the cell
membrane are osmotically active. Na�

and its accompanying electrolytes
account for 86% of plasma osmolality.6

Therefore, hyponatraemia is synony-
mous with hypotonicity, but in two
circumstances the hyponatraemia and
osmolality are discordant: first, pseudo-
hyponatraemia in hyperlipidaemia
which artificially lowers Na� while the
directly measured osmolality is
unchanged. The second is isotonic or
hypertonic hyponatraemia, for example
hypertonic hyponatraemia due to
hyperglycaemia where it is preferable to
measure plasma osmolality either using
direct measurement or correcting the
measured sodium for the glucose eleva-
tion (2.4 mmol/l decrease in Na� for
each 5.6 mmol/l increase in glucose).7,8

Other solutes unaccounted for by the cal-
culated osmolality (osmolality�2[Na�]�
glucose�urea) could also elevate the
plasma osmolality when measured
directly, giving rise to an osmolar gap
(eg mannitol, methanol and ethylene
glycol). This should prompt a careful
history and toxicology screen.

Based on the volume status, hypo-
tonic hyponatraemia is separated into
euvolaemic, hypovolaemic and hyper-
volaemic hyponatraemia (Fig 1).

Treatment

Hyponatraemia can be corrected by fluid
restriction, salt replacement, vasopressin
antagonist or a combination of the
three. In hypovolaemia, correcting fluid
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Serum sodium disorders:

safe management

Correction of chronic hyponatraemia and hypernatraemia should never exceed the
rate of 10–12 mmol/l/24 hours

If there are severe symptoms of hyponatraemia or hypernatraemia and an active
management with hypertonic or hypotonic saline is contemplated, the treatment
should be closely monitored for a brief duration and withheld when symptoms
are no longer present

Treatment of underlying cause of hyponatraemia should always be sought since it
generally dictates the management
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depletion with saline is the mainstay of
therapy and will correct the relative
water excess. Hypervolaemia requires
treatment of the underlying disorder and
fluid restriction alone or with a
vasopressin antagonist, while water
restriction with or without salt replace-
ment is indicated when euvolaemia is
present.

Correction rate

Treatment of hyponatraemia is not
without its complications so there needs
to be careful consideration of the risks
and benefits of aggressive versus slower
correction. The general principle with
hyponatraemia is that the rate of correc-

tion should be closely linked to the rate
of development. However, in the prac-
tical setting, it is difficult to distinguish
between acute and chronic onset and a
more appropriate approach is to decide
on the rate of correction on the basis of
presence and severity of symptoms.

Severe symptoms. For those with severe
symptoms of any cause (eg convulsion),
aggressive treatment with 1.8–3% hyper-
tonic saline is indicated (in some UK
hospitals hypertonic saline is available as
1.8% only). The aim is to elevate the Na�

by 1.0 mmol/hour in the first 2–3 hours or
until symptoms disappear, while keeping
the target for the first 24 hours below 10
mmol/l to avoid osmotic demyelination.
This can be achieved only with close mon-

itoring to avoid exceeding these limits.
The rate of infusion of 3% hypertonic
saline per hour can be crudely calculated
by multiplying the weight in kg by the rate
of Na� correction required per hour.8 For
example, a 70 kg subject will require
approximately 70 ml/hour of 3% hyper-
tonic saline to elevate the Na� by
1.0 mmol/l/hour – but this is no substitute
for regular monitoring during therapy.

Mild symptoms. In chronic hypona-
traemia with mild symptoms (Na�

�110–115 mmol/l), a challenging clin-
ical decision has to be made to pursue
either active correction with intravenous
(iv) infusion of saline or slower methods
of correction (ie fluid restriction to 500
ml/day below the daily urine volume).8
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Fig 1. Flowchart for the management of hyponatraemia. RTA � renal tubular acidosis; SIADH � syndrome of inappropriate secretion
of antidiuretic hormone; U � urine.
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In active intervention, a lower correc-
tion rate than for acute hyponatraemia is
used: 1.8–3% hypertonic saline to
increase Na� by 0.5 mmol/hour in the
first few hours, with total correction no
more than 10 mmol/l/day to avoid
osmotic demyelination.

It should be stressed that treatment
should be halted if any of the following is
achieved9:

• cessation of symptoms

• Na� reaches 120 mmol/l, or

• 10 mmol/l increase in Na� occurs
within the first 24 hours.

Pragmatically, there needs to be a very
good reason for actively infusing hyper-
tonic saline rather than fluid restriction
alone with biochemical reassessment
after 12 and 24 hours.

Type of fluid

• Severe symptomatic hyponatraemia of
any cause: hypertonic saline, as out-
lined above. Hypertonic saline may be
available in several strengths, so it is
crucial to double check that the cor-
rect prescription is implemented.

• Symptomatic hypovolaemic hypona-
traemia: isotonic saline is sufficient
in most cases.8

• Chronic hypovolaemic hypona-
traemia: discretion needs to be
exercised as euvolaemia will suppress
vasopressin, causing water diuresis
and accelerated correction of Na�.
Therefore, vasopressin use may be
required to slow down Na� rise. An
alternative approach is to infuse
hypertonic saline.

• Symptomatic euvolaemic hypona-
traemia (ie syndrome of inappropriate
secretion of antidiuretic hormone):
hypertonic saline infusion should be
used (with the caveats noted above).
Isotonic saline will result in further
lowering of Na� due to increased net
sodium excretion because water, not
sodium handling, is at fault in the
kidneys.

The new vasopressin antagonist drugs
can be used in hypervolaemic and
euvolaemic hyponatraemia. They may
have a role in causing aquaresis through

blocking the vasopressin effect on V2
receptor in the collecting duct.10,11

Hypernatraemia

Hypernatraemia always denotes hyper-
tonic hyperosmolality with ICC
shrinkage.12 Even if there is salt-free
water diuresis (eg nephrogenic or central
diabetes insipidus), hypernatraemia does
not ensue unless there is low free water
intake (eg hypothalamic lesion of thirst
centre or lack of access to water). It is
thus common in the intubated, infirmed
and infants with hypotonic diarrhoea.

The brain reacts by solutes uptake to
shift water from the ECC to the ICC,
thereby preventing cell shrinkage, a con-
sequence of severe (�160 mmol/l) or
rapid onset (�12 hours) hypernatraemia
which can lead to intracranial bleeding,
convulsion and coma. Table 1 lists causes
of hypernatraemia.

Treatment

Treatment of hypernatraemia requires
attendance to the underlying cause and
reduction of serum Na� by hypotonic
fluid. It is safest to administer the fluid

through the oral or enteral route. If iv
administration is used, it should be
hypotonic (0.45% hypotonic saline or
5% dextrose) unless isotonic fluid is
required in haemodynamically compro-
mised subjects.

Correction rate

The same general principle is followed
when considering the rate of correction:
rapid onset hypernatraemia can be
safely reduced by a rate of 1 mmol/
l/hour with the aim of not exceeding
more than 10–12 mmol/l/24 hours.1,12

In chronic hypernatraemic states, the
target correction should be no more
than 0.5 mmol/l/hour (12 mmol/l/24
hours) to avoid brain oedema and pre-
vent potential osmotic demyelination.

To estimate the change in Na�

following the infusion of 1 litre of fluid,
the following formula is used:

(infusate Na� is concentration of sodium
in the infused fluid in mmol/l; serum Na�
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Cause Effect

Net water loss Hypodipsia

Neurogenic diabetes insipidus

Nephrogenic diabetes insipidus

Hypotonic fluid loss:

Renal loss Loop diuretics

Osmotic diuresis (hyperglycaemia, mannitol infusion)

Polyuric phase of ATN

GI loss Vomiting

Nasogastric drainage

Diarrhoea

Osmotic laxative

Cutaneous loss Burns

Excessive sweating

Hypertonic sodium gain Hypertonic sodium bicarbonate infusion

Hypertonic feeding preparation

Ingestion of sodium chloride

Hypertonic sodium chloride infusion

Primary hyperaldosteronism

ATN � acute tubular necrosis; GI � gastrointestinal.

Table 1. Causes of hypernatraemia.

infusate Na� � serum Na�

TBW � 1
Change in Na� �
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is concentration of sodium in serum in
mmol/l; TBW � total body water, 0.5 and
0.613 of body weight in kg in women and
men, respectively)

The Na� correction required per unit
time is then divided by the change in
Na� from the formula to obtain the fluid
volume to effect that correction.12–14

Measured and insensible fluid loss
allowance is added to make up the final
volume to be infused over that time.

Conclusions

The cause of the hypo- and hyperna-
traemia will guide the correct treatment,
but in both scenarios the correction
needs care. If in doubt, slower rather
than rapid correction is the best policy.
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