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Neurologic effects
of hyponatremia and its treatment

73-YEAR-OLD WOMAN with a history of
paroxysmal atrial fibrillation, hyperten-

sion, and migraine presents with headache,
dysarthria, left hemiparesis, and elevated
blood pressure (212/159 mm Hg). She is not
taking warfarin (Coumadin) or antiplatelet
drugs and has no history of trauma.

On examination, she is lethargic with a
right gaze deviation, left facial weakness, pro-
found left hemiparesis, and left-sided global
neglect. Computed tomography (CT) of the
brain shows a 30-cc right frontotemporal cap-
sular hematoma (FIGURE 1).

She is treated with antihypertensive
medications and remains hemodynamically

stable. Her hospital course is complicated by
bradycardia-tachycardia syndrome (requiring
insertion of a pacemaker), aspiration pneu-
monia, sepsis, and subsequent pulmonary
edema (treated with diuretics). Follow-up
CT shows no change in the hematoma, and
the patient is transferred to the general med-
ical service.

Twenty-one days after admission, she
becomes gradually obtunded over the course
of several hours, with vomiting. On examina-
tion, her right pupil is dilated and responds
poorly to light. In addition, she has mild right-
sided weakness and a Babinski response in her
right foot.
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FIGURE 1. Axial computed tomography
of the brain without contrast, performed
at the time our patient was admitted,
shows a right frontotemporal capsular
hematoma.

FIGURE 2. Axial computed tomography 21
days after admission shows new cerebral
edema and mass effect in the region of
the hematoma, but no evidence of recur-
rent hemorrhage.
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■ WHICH DIAGNOSTIC TEST?

1 Which test should be ordered next?

❑ Repeat CT of the brain
❑ Magnetic resonance imaging (MRI)

of the brain
❑ Electroencephalography
❑ Complete blood cell count, biochemistry,

and urinalysis

CT should be repeated to detect a new
structural lesion or mass effect. In the set-
ting of acute neurologic deterioration, the
other  studies would involve an unaccept-
able delay.

A new CT scan is obtained and shows
new cerebral edema and mass effect in the
region of the hematoma, without evidence of
recurrent hemorrhage (FIGURE 2). No structural
lesion such as a tumor is seen that would
explain the localized edema.

Laboratory tests (TABLE 1) subsequently
reveal the cause of the edema: her serum sodi-
um concentration is 121 mmol/L (normal
132–148)—and the next day it reaches a low
of 117 (FIGURE 3).

Comment. Hyponatremia can cause brain
edema as water shifts into the brain by osmo-
sis from the dilute plasma.1 Furthermore, it
can worsen existing cerebral edema due to
other causes such as intracranial mass lesions
or hepatic encephalopathy.

■ POTENTIAL CAUSES OF HYPONATREMIA

Hyponatremia is often iatrogenic, caused by
drugs such as thiazide diuretics, oxcar-
bazepine (Trileptal), selective serotonin
reuptake inhibitors, or opiates or due to
improper fluid management, eg, giving intra-
venous hypotonic fluids to patients whose
excretion of free water is impaired because of
renal dysfunction.

Hyponatremia can also be a result of neu-
rologic diseases such as cerebral hemorrhage,
subarachnoid hemorrhage, Guillain-Barré
syndrome, head injury, brain tumor, and
meningitis.2 Two common causes of hypona-
tremia in neurologic disease are the syndrome
of inappropriate secretion of antidiuretic hor-
mone (SIADH) and cerebral salt wasting.
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The patient’s laboratory values

PATIENT’S VALUE NORMAL
RANGE

Sodium 121 mmol/L 132–148

Potassium 3.2 mmol/L 3.5–5.0

Chloride 80 mmol/L 98–110

Bicarbonate 33 mmol/L 24–32

Plasma osmolality 260 mOsm/kg H2O 275–295

Urine osmolality 268 mOsm/kg H2O 40–1,400

Urine sodium 76 mmol/L 14–216

Blood urea nitrogen 17 mg/dL 8–25

Glucose 113 mg/dL 65–110

Protein 4.9 mg/dL 6.0–8.4

Total cholesterol 92 mg/dL 100–199

Thyroid-stimulating hormone 2.92 µU/mL 0.4–5.5

Thyroxine (T4) 6.2 µg/dL 5.0–11.0

Cortisol (baseline) 15.8 µg/dL 0.9–26.9

Cortisol (60 minutes after 19.1 µg/dL*

injection of adrenocorticotropic
hormone [ACTH])

*A normal response is an increase of at least 8 µg/dL from baseline or
an absolute level of at least 18 µg/dL.
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FIGURE 3. Change in serum sodium concentration over
time in our patient.
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SIADH vs cerebral salt wasting
SIADH is diagnosed by the combination

of hyponatremia, low serum osmolality, inap-
propriately concentrated urine (> 100 Osm/kg
H2O), persistently high urinary sodium excre-
tion (> 20 mmol/L), and hypouricemia.
Hypoadrenalism and hypothyroidism must be
excluded by measuring thyroid function and
cortisol levels.

Cerebral salt wasting, recently recog-
nized as a common cause of hyponatremia in
patients with neurologic disease, can be mis-
diagnosed as SIADH. Salt wasting, however,
is the primary abnormality. Subsequent vol-
ume depletion leads to appropriate ADH
secretion (especially if fluid restriction is erro-
neously undertaken). Natriuretic factors
released from the brain in response to injury
have been implicated in the pathogenesis.

Comment. To determine the cause of
hyponatremia, one should assess the patient’s
volume status, renal function, plasma and
urine osmolalities, and electrolyte concentra-
tions (TABLE 2).1 It is important to obtain a
detailed drug history from the patient, rela-
tives, and other physicians to determine if the
patient has been taking any drugs associated
with hyponatremia.

Our patient has hypotonic hyponatremia
(TABLE 1) due to a loss of solute coupled with a
decreased ability to excrete a water load. She
does not appear to be dehydrated, and her blood
urea nitrogen is normal. Therefore, we conclude
that she is more likely to have SIADH caused
by her intracerebral hemorrhage, exacerbated
by intravenous hypotonic fluids.

■ ELDERLY ARE AT RISK

2 The elderly are more susceptible to
hyponatremia and its complications. Why?

❑ They are less able to eliminate free water
❑ Many of them receive diuretics
❑ They have reduced sensation of thirst
❑ All of the above

All of the above make the elderly more sus-
ceptible to fluid and electrolyte disorders.

Hyponatremia occurs in up to 11% of the
hospitalized elderly,3 and is associated with an
increased death rate.4 Many elderly patients
receive thiazide diuretics, and their sensation

of thirst is diminished.5 They are also less able
to excrete a water load in response to a thi-
azide diuretic, and less able to conserve sodi-
um because they have lower levels of renin
and aldosterone. The elderly, especially
women, have smaller plasma volumes than
younger patients.

Comment. Suspect hyponatremia if an
elderly patient presents with a change in men-
tal status, nausea, or seizures, and particularly in
an older patient treated with diuretics or with
preexisting structural neurologic disease. The
aging brain is more susceptible to encephalopa-
thy or seizures from acute medical conditions.

■ ACUTE VS CHRONIC HYPONATREMIA

3 Which most determines the severity of
symptoms in hyponatremia?

❑ The degree of hyponatremia (ie, the
absolute sodium concentration)

❑ The age of the patient
❑ The rapidity of change in the serum

sodium concentration
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Causes of hyponatremia
Hypovolemic
Acute corticosteroid withdrawal
Cerebral salt wasting
Diuretic use
Gastrointestinal loss
Iatrogenic (insufficient volume, use of hypotonic solutions)
Skin loss

Normovolemic
Adrenal insufficiency
Drug-induced: selective serotonin reuptake inhibitors,

oxcarbazepine (Trileptal), opiates, ecstasy, oxytocin (Pitocin)
Hypothyroidism
Iatrogenic (insufficient volume, hypotonic solutions)
Syndrome of inappropriate secretion of antidiuretic hormone

(SIADH)

Hypervolemic
Acute renal failure
Cirrhosis
Congestive heart failure
Iatrogenic (insufficient volume, hypotonic solutions)
SIADH

Plasma osmolality normal or increased
Pseudohyponatremia

T A B L E  2
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A rapid fall in serum sodium, as in acute
hyponatremia, is more likely to produce clini-
cal symptoms than is chronic hyponatremia.

Acute severe hyponatremia can be
defined as a serum sodium concentration
below 120 mmol/L within 48 hours.6
Symptoms can arise at higher sodium concen-
trations if the concentration has fallen rapid-
ly. However, the absolute sodium concentra-
tion does influence the occurrence of symp-
toms. In one series,7 patients with asympto-
matic hyponatremia had a mean serum sodium
concentration of 122 mmol/L, compared with
115 mmol/L in patients with symptoms.

If the plasma is dilute, water diffuses into
the brain by osmosis. The resulting dilution of
the extracellular fluid in the brain causes the
brain cells to swell. This is serious, as an increase
in brain volume of 8% to 10% can be fatal.
Fortunately, a cerebral osmoregulatory mecha-
nism exists, in which brain cells pump out myo-
inositol, glutamine, glycerophosphorylcholine,
betaine, creatine, and taurine,8 restoring the
osmolality of the cerebral extracellular fluid and
limiting the swelling of brain cells.

These adaptive changes take time, so that
the rapid changes in serum sodium in acute
hyponatremia are more likely to overwhelm this
mechanism and cause neurologic symptoms.
Hyponatremia that is severe but chronic may be
asymptomatic because the brain has had time to
adapt. With sustained chronic hyponatremia,
the intracellular brain levels of these intermedi-
ates become markedly reduced, restoring the
cerebral cell volume to normal.9

Symptoms of acute hyponatremia
Acute hyponatremia can cause seizures, respi-
ratory arrest, and coma. In a study of critically
ill patients, up to one third of cases of other-
wise unexplained seizures could be explained
by hyponatremia (serum sodium < 125
mmol/L).10 Symptoms are related to the degree
of cerebral edema.11

The onset of symptoms can be explosive,
progressing from nausea and headache to gener-
alized tonic-clonic seizures and respiratory arrest
within 20 minutes,12 particularly if the serum
sodium concentration is less than 115 mmol/L.
Minor symptoms include headache, anorexia,
nausea, vomiting, muscle cramps, lethargy, and
apathy. Nausea and vomiting may also be early

signs of increased intracranial pressure.

■ CAN HYPONATREMIA CAUSE FOCAL
NEUROLOGIC SIGNS?

4 Can a systemic metabolic abnormality
cause focal neurologic signs?

❑ Yes
❑ No

Yes. Hyponatremia typically causes general-
ized cerebral edema. The edema can be local-
ized to an area of blood-brain-barrier damage,
such as intracerebral hemorrhage or stroke.

Focal neurologic signs have also been
reported in hyponatremia without a structural
lesion and include hemiparesis, monoparesis,
ataxia, nystagmus, tremor, rigidity, aphasia,
and unilateral corticospinal tract signs.11

Other systemic metabolic abnormalities that
can cause focal neurologic signs are nonketot-
ic hyperglycemia and hypoglycemia.

In our patient, in response to the hypo-
osmolar state, water was drawn into the site of
the hematoma via a breakdown of the blood-
brain barrier, causing focal cerebral edema.
The edema caused a leftward midline shift of
intracranial structures at the level of the
peduncles (FIGURE 2). This caused stretching of
the ipsilateral oculomotor nerve (causing right
pupil dilation) and compression of the con-
tralateral corticospinal tracts (causing right-
sided weakness), also called the Kernahan
notch phenomenon.

■ TREATMENT OF HYPONATREMIA

5 Which is the appropriate treatment of
hyponatremia?

❑ Hypertonic saline (3%)
❑ Normal saline (0.9%)
❑ Fluid restriction
❑ Salt tablets

The appropriate treatment of hyponatremia
depends on the diagnosis.

In severe acute symptomatic hypona-
tremia, 3% hypertonic saline is indicated. A
maximum increase of 8% to 10% of the initial
serum sodium concentration with hypertonic
saline is usually adequate in the acute setting.

In chronic symptomatic hyponatremia,

In acute
hyponatremia,
the onset of
symptoms may
be explosive
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correction can be rapid during the first few
hours (to decrease brain edema), followed by
a slower correction limited to 10 mmol/L over
24 hours to avoid central myelinolysis. The
risk of myelinolysis increases when the serum
sodium level is raised by more than 10 to 15
mmol/L/24 hours. In patients with other risk
factors for central pontine myelinolysis, such
as hypokalemia, liver disease, chronic alco-
holism, poor nutrition, hypocorticism, and
burns, the rate of correction should not
exceed 10 mmol/L/24 hours.13

In patients with impaired water secre-
tion due to impaired renal function, there is
a role for the use of 1.5% saline with
furosemide to induce a hypotonic diuresis and
limit extracellular volume expansion.

In SIADH, inducing hypotonic diuresis
with saline and furosemide may worsen the
hyponatremia. SIADH is treated by removing
or treating the underlying cause, and by fluid
restriction to approximately 500 mL below
the average daily urine values.

In patients with cerebral salt wasting due
to brain injury, volume depletion as a result of
fluid restriction for presumed SIADH can
cause hypotension and brain infarction.14

Therefore, water restriction should be avoided
in patients with hyponatremia due to cerebral
salt wasting. Volume repletion with isotonic
solutions (eg, 0.9% saline) will improve
hyponatremia in cerebral salt wasting by shut-
ting down ADH secretion. This treatment
would exacerbate hyponatremia in SIADH
patients, who would excrete the sodium and
retain the free water.

Correct infusion rates
Hypertonic saline should be given as 3%
NaCl at a rate of 1 to 2 mL/kg of body
weight/hour. This will increase the serum
sodium concentration by 1 to 2 mmol/L/hour
(calculation based on no renal excretion). If
the patient has severe symptoms (coma,
seizures), then a rate of 4 to 5 mL/kg of body
weight/hour for 1 to 2 hours is recommended.

The serum sodium must be measured every
1 to 2 hours until the patient is asymptomatic,
then every 4 hours, to avoid overcorrection or
undercorrection, as variations in urine output
may change intended targets. In less severe or
diuretic-induced hyponatremia (not SIADH),

1 to 2 L of 0.9% saline with potassium can be
given over 24 hours. Potassium will also raise
serum sodium and osmolality.

To determine the correct rate of infusion,
the following formula can be used15:

Change in serum Na =
Replacement fluid Na – serum Na

TBW + 1

where the projected change in the patient’s
serum sodium for 1 L of solution equals the
replacement solution sodium concentration
(TABLE 3) minus the patient’s serum sodium
concentration, divided by the total body
water (TBW) plus 1. (The total body water
can be calculated as the body weight in kilo-
grams multiplied by 0.6 for non-elderly men,
by 0.5 for non-elderly women, by 0.5 for elder-
ly men, by 0.45 for elderly women, or by 0.6
for children.) Then divide the desired change
in the patient’s serum sodium by the projected
change in the patient’s serum sodium for 1 L
of solution (from the formula) to obtain the
volume of solution required. The hourly rate
of infusion is then determined by dividing the
volume of solution by the time (in hours)
planned to increase the serum sodium by the
desired amount.

■ COMPLICATIONS OF OVERCORRECTION
OF HYPONATREMIA

6 Which is the most serious neurologic com-
plication of the treatment of hyponatremia?

❑ Lethargy
❑ Cerebral edema
❑ Seizures
❑ Central pontine myelinolysis
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0.9% saline
helps cerebral
salt wasting
but worsens
hyponatremia
caused by
SIADH

Sodium in intravenous solutions

SOLUTION SODIUM CONTENT (MEQ/L)

5% dextrose 0
0.45% saline 77
0.9% (normal, isotonic) saline 154
1.5% saline 256
3% saline 513

T A B L E  3
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In patients with chronic hyponatremia,
aggressive correction of hyponatremia can
lead to complications, the most serious of
which is central pontine myelinolysis.

How central pontine myelinolysis develops
Aggressive treatment of the hypo-osmolar
state can reverse the osmotic gradient
described above and decrease the effectiveness
of brain cell osmoregulation.16 In an experi-
ment in mice, the brain sodium concentration
returned to normal after rapid correction of
chronic hyponatremia. However, the levels of
brain amino acids and creatine were still
reduced by more than a third, causing cerebral
dehydration.17

Acute brain dehydration produced by
rapid correction disrupts the tight junctions of
the blood-brain barrier.18 Disruption of the
blood-brain barrier results in an influx of acti-
vated complement into the brain.19 Activated
complement is toxic to the oligodendrocytes
that produce and maintain myelin in the cen-
tral nervous system.

Correcting acute hyponatremia carries no
risk of central pontine myelinolysis, as the
changes in brain osmolytes take up to 48 hours
to develop.

Central pontine myelinolysis can also

affect extrapontine areas, such as the basal
ganglia and other regions of the brain stem,
and is then termed extrapontine myelinolysis.

Elderly patients are especially at risk.
Elderly patients with diuretic-induced
hyponatremia often receive overly aggressive
treatment. They are usually minimally vol-
ume-depleted, and after the diuretic is
stopped, they develop a free water diuresis as
their urinary diluting impairment dissipates.20

The hypokalemia that accompanies diuretic-
induced hyponatremia is an additional risk
factor for central pontine myelinolysis.21

Clinical features and diagnosis
of central pontine myelinolysis
Clinical symptoms of central pontine myelinol-
ysis typically do not occur until a few days after
the rapid correction. The classic presentation is
a pseudobulbar palsy and spastic quadriparesis.

In a series of 44 patients, myelinolysis
occurred after a mean of 6.3 days (range 3–11)
and resulted in a “locked-in” syndrome in 23
patients. Characteristic MRI changes in the
pons were seen in 31 patients. In long-term
follow-up of 32 survivors of the acute phase of
central pontine myelinolysis, 11 had no func-
tional deficit, 11 had minor neurologic
deficits, and 10 had severe deficits requiring
dependent (ie, long-term) care. Neurologic
deficits were static except when myelinolysis
occurred in basal ganglia and dystonia devel-
oped later.22

MRI is the definitive test for central pon-
tine myelinolysis, in which T2-weighted
images show symmetrical foci of high signal
intensity. A negative MRI scan, however, does
not exclude central pontine myelinolysis, as
the changes can be delayed for 3 to 4 weeks.

Sequelae may be subtle
The sequelae of central pontine myelinolysis
may be subtle, consisting of persistent cogni-
tive deficits on neuropsychological testing.23

The severity of neurologic sequelae does not
necessarily follow the improvement in serum
sodium values or improvement in appearance
on MRI.

Correcting overly aggressive treatment
When patients are overtreated, neurologic
damage can be prevented by reducing the

Raising the
serum sodium
by more than
10 mmol/L/24
hours in chronic
hyponatremia
increases the
risk of
myelinolysis

FIGURE 4. After the patient’s hyponatremia
was corrected, the edema resolved.
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serum sodium concentration back down with
hypotonic fluids such as 5% dextrose or oral
water, so that the daily increase in serum sodi-
um remains below 10 mmol/L/24 hours.
Desmopressin (DDAVP) 4 µg subcutaneously
can also be used with hypotonic fluids to
reduce the sodium in case of acute overcorrec-
tion.24 Dexamethasone was recently reported
in animal studies to have a protective effect
on osmotic-induced demyelination.25

■ CASE REVISITED

Our patient was treated with fluid restric-
tion, and her serum sodium level returned
to normal. Follow-up CT after correction of
the hyponatremia revealed resolution of
the edema (FIGURE 4). This response support-
ed the diagnosis of SIADH: if she had had
cerebral salt wasting, she may have become

hypotensive due to volume depletion, and
she would have been at risk for cerebral
infarction.

■ KEY POINTS

• Hyponatremia is a common cause of neu-
rologic morbidity in hospitalized patients and
is most often iatrogenic.
• Acute hyponatremia may cause cerebral
edema due to underlying osmotic interactions
between brain cells and the extracellular fluid
compartment.
• Rapid correction of chronic hypona-
tremia may result in myelinolysis and poten-
tially irreversible central nervous system
damage.
• The elderly are particularly susceptible to
hyponatremia and to complications from its
incorrect treatment. ■
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