
The Basics/Pathophysiology.

• Defined as serum Na > 145 mmol/L.
• Caused by ↓ TBW (or occasionally ↑ in Na)

• Extremes of age & those w/ chronic disease (more vulnerable).
• Main defense = THIRST ! ∴ ↑ free-H2O intake.
• Most common cause is hypovolaemia (severe fluid loss)
• Normally; hypovolaemia leads to free-H2O conservation.

• UO < 20mL/hr w/ ↑ Ur-osm (exceeding 1000 mOsm/kg)
• Poor urine output, therefore poor Na-excretion.

Symptoms.

Acute symptoms are seen in Na > 158mmol/L. 
• Rapid change in levels ↑ʼs symptoms.

Most clinical signs are secondary to volume depletion & dehydration.

Marked ↑ in mortality w/ serum osmol >350 mOsm/kg.
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reasonable goal in these patients. In contrast, patients with 
chronic hyponatremia are usually less symptomatic and are 
more susceptible to complications when the serum Na+ level 
is corrected rapidly, making vigorous treatment both less  
necessary and less desirable.

Hypovolemic Hyponatremia. Patients with hypovolemic hypona-
tremia should have volume deficits corrected with an isotonic 
saline solution (NaCl, 0.9%). Isotonic saline is hypertonic com-
pared with the hyponatremic patient’s serum and will there-
fore cause a modest elevation of the serum [Na+].

Euvolemic Hyponatremia. Patients with hyponatremia and a 
normal total circulating volume can usually have free water 
intake restricted while the cause of the hyponatremia is  
determined and specific treatment for the underlying  
disorder is begun. Significantly, patients with SIADH who  
are given normal saline may actually experience a further 
decrease in the serum Na+ as free water is retained and a 
hypertonic urine is excreted. Lithium and demeclocycline, 
which inhibits the action of ADH, can also be used in the 
treatment of SIADH.

Hypervolemic Hyponatremia. The cornerstone of therapy for 
patients with hypervolemic hyponatremia is fluid restriction, 
which is effective in most patients. The addition of diuretics 
may accelerate water excretion, although this approach should 
be used with caution because Na+ excretion is also enhanced. 
Dialysis may be required to remove large amounts of water in 
patients with advanced renal failure.

Symptomatic Hyponatremia. Patients with severely symptomatic 
hyponatremia (e.g., seizures) may require administration of 3% 
saline (513 mEq of Na+/L). In general, the serum Na+ level 
should not be corrected to above 120 mEq/L or increased by 
more than 10 mEq/L in a 24-hour period. The rate of correc-
tion of hyponatremia should be dictated by the rapidity of its 
onset. Acute hyponatremia can be corrected at rates of up to 
1 to 2 mEq/L/hr, and chronic hyponatremia should be cor-
rected at a rate not greater than 0.5 mEq/L/hr. Hypertonic 
saline should be administered through a controlled intrave-
nous (IV) infusion, paying careful attention to fluid input  
and output and frequently assessing serum electrolytes. The 
approximate required dose of hypertonic saline can be calcu-
lated with the following formula:
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Overly aggressive correction of the serum Na+ level can 
have serious consequences. Central pontine myelinolysis, also 
known as cerebral demyelination, involves the destruction of 
myelin in the pons and is thought to result from rapid elevation 
of the serum Na+. Patients may develop cranial nerve palsies, 
quadriplegia, or coma. Central pontine myelinolysis is more 
likely to occur in patients with chronic hyponatremia than in 
those with acute hyponatremia. Most cases have been associ-
ated with rapid correction of serum Na+ in alcoholic, malnour-
ished, and elderly patients, although it has also been described 
in otherwise healthy patients.

Hypernatremia

Principles of Disease

Hypernatremia is defined as a serum [Na+] above 145 mEq/L. 
Patients at the extremes of age and those with chronic disor-
ders are particularly vulnerable.5 Hypernatremia is most often 
the result of a decrease in free water because of either reduced 
water intake or increased water loss. Less often, hypernatremia 
is caused by an increase in total Na+ (Box 123-3). This classi-

Reduced water intake
Disorders of thirst perception
Inability to obtain water

Depressed mentation
Intubated patient

Increased water loss
Gastrointestinal

Vomiting, diarrhea
Nasogastric suctioning
Third spacing

Renal
Tubular concentrating defects
Osmotic diuresis (e.g., hyperglycemia, mannitol)
Diabetes insipidus
Relief of urinary obstruction

Dermal
Excessive sweating
Severe burns

Hyperventilation
Gain of sodium

Exogenous sodium intake
Salt tablets
Sodium bicarbonate
Hypertonic saline solutions
Improper formula preparation
Salt water drowning
Hypertonic renal dialysate

Increased sodium reabsorption
Hyperaldosteronism
Cushing’s disease
Exogenous corticosteroids
Congenital adrenal hyperplasia

BOX 123-3 CAUSES OF HYPERNATREMIA

fication scheme helps in identifying the underlying cause and 
guiding therapy.

Reduced water intake may be the result of limited access, 
inability to tolerate oral fluids, defective thirst mechanisms, or 
depressed mentation.

Increased water loss can occur through several different 
organ systems, including the gastrointestinal tract, skin, respi-
ratory tract, or kidney. Gastrointestinal losses can occur from 
protracted diarrhea, vomiting, nasogastric tube suction, or third 
spacing. Renal causes of water loss include osmotic diuresis 
(e.g., hyperglycemia, mannitol administration) and renal 
tubular concentrating defects. Diabetes insipidus (DI) results 
in the loss of large amounts of dilute urine from the loss of 
concentrating ability in the distal nephron. DI may be central 
(lack of ADH secretion from the pituitary) or nephrogenic 
(lack of responsiveness to circulating ADH) (Box 123-4). 
Central DI is seen with CNS disease or surgery involving the 
hypothalamus and pituitary. Common mechanisms include 
stroke, infection, tumor, trauma, and systemic diseases. Neph-
rogenic DI can be caused by congenital disease, renal failure, 
sickle cell anemia, hypercalcemia, hypokalemia, and certain 
drugs, including lithium, cisplatin, amphotericin B, aminogly-
cosides, and demeclocycline. With a normal thirst mechanism 
and access to water, DI patients are generally able to maintain 
near-normal serum levels.6,7 However, they quickly become 
hypernatremic when removed from a water source, and any 
sodium-containing IV fluids will exacerbate the problem.

Excessive Na+ intake, accidentally, intentionally, or iatro-
genically, can cause hypernatremia in the absence of corre-
sponding intake of water. Because the kidney can usually 

• Irritability & increased muscle tone
• Seizures & coma
• Death



Diabetes Insipidus.

• Characterised by failure of central (or peripheral) ADH response.
• Central - failure to secrete ADH. Responds to desmopressin.
• Peripheral (nephrogenic) - renal unresponsiveness to ADH (& desmopressin).

• Urine osmolality LOW [200-300 mOsm/kg]
• Urine sodium HIGH [60-100 mmol/L]

Management.

The cornerstone of treatment is volume repletion.
• N.Saline or Hartmanʼs is safe (has lower [Na+] than serum [Na+])
• Most hypernatraemic patients are actually total-body Na-deplete.

Once tissue perfusion is restored, then change to hypotonic fluids (such as 0.45% saline).

The reduction of [Na+] should not exceed 10-15 mmol/L per day !!
• Over correction can result in cerebral oedema & risk of seizures.

Patients w/ central diabetes insipidus require parenteral or intranasal desmopressin 
(DDAVP).

• ~ 1-2 micrograms IV [repeated doses based on urine output & osmolality]
• ~ 5-30 micrograms intranasally.
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Central Nephrogenic Systemic Disease Drugs

Idiopathic Congenital disorders Sickle cell Amphotericin

Head trauma Obstructive uropathy Sarcoidosis Phenytoin

Tumours + NeuroSx Renal dysplasia Amyloidosis Lithium

ICH/SAH Polycystic disease Aminoglycosides

Meningoencephalitis Methoxyflurane
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