299
Assessment of volume status

Euvolemia (no edema)
• Total body water ↑
• Total body sodium ←→

Hypovolemia
• Total body water ↓
• Total body sodium ↓↓

UNa >20

Renal losses
Diuretic excess
Mineral corticoid deficiency
Salt-losing deficiency
Bicarbonaturia with
renal tubal acidosis and
metabolic alkalosis
Ketonuria
Osmotic diuresis
Cerebral salt wasting
syndrome

Extrarenal losses
Vomiting
Diarrhea
Third spacing of fluids
Burns
Pancreatitis
Trauma

Glucocorticoid deficiency
Hypothyroidism
Stress
Drugs
Syndrome of inappropriate
antidiuretic hormone
secretion

UNa >20

Acute or chronic
renal failure

UNa <20

Nephrotic syndrome
Cirrhosis
Cardiac failure

FIguRE 63-5 The diagnostic approach to hyponatremia. (From S Kumar, T Berl: Diseases of water metabolism, in Atlas of Diseases of the Kidney,
RW Schrier [ed]. Philadelphia, Current Medicine, Inc, 1999; with permission.)
indicate the cause of their hyponatremia. Indeed, a urine Na+ concentration <20 mM, in the absence of a cause of hypervolemic hyponatremia, predicts a rapid increase in plasma Na+ concentration in response
to intravenous normal saline; saline therapy thus induces a water
diuresis in this setting, as circulating AVP levels plummet.
The renal causes of hypovolemic hyponatremia share an inappropriate loss of Na+-Cl– in the urine, leading to volume depletion and
an increase in circulating AVP; urine Na+ concentration is typically
>20 mM (Fig. 63-5). A deficiency in circulating aldosterone and/or
its renal effects can lead to hyponatremia in primary adrenal insufficiency and other causes of hypoaldosteronism; hyperkalemia and
hyponatremia in a hypotensive and/or hypovolemic patient with
high urine Na+ concentration (much greater than 20 mM) should
strongly suggest this diagnosis. Salt-losing nephropathies may lead to
hyponatremia when sodium intake is reduced, due to impaired renal
tubular function; typical causes include reflux nephropathy, interstitial
nephropathies, postobstructive uropathy, medullary cystic disease, and
the recovery phase of acute tubular necrosis. Thiazide diuretics cause
hyponatremia via a number of mechanisms, including polydipsia and
diuretic-induced volume depletion. Notably, thiazides do not inhibit
the renal concentrating mechanism, such that circulating AVP retains
a full effect on renal water retention. In contrast, loop diuretics, which
are less frequently associated with hyponatremia, inhibit Na+-Cl– and
K+ absorption by the TALH, blunting the countercurrent mechanism
and reducing the ability to concentrate the urine. Increased excretion
of an osmotically active nonreabsorbable or poorly reabsorbable solute can also lead to volume depletion and hyponatremia; important
causes include glycosuria, ketonuria (e.g., in starvation or in diabetic
or alcoholic ketoacidosis), and bicarbonaturia (e.g., in renal tubular
acidosis or metabolic alkalosis, where the associated bicarbonaturia
leads to loss of Na+).
Finally, the syndrome of “cerebral salt wasting” is a rare cause
of hypovolemic hyponatremia, encompassing hyponatremia with
clinical hypovolemia and inappropriate natriuresis in association
with intracranial disease; associated disorders include subarachnoid
hemorrhage, traumatic brain injury, craniotomy, encephalitis, and
meningitis. Distinction from the more common syndrome of inappropriate antidiuresis is critical because cerebral salt wasting will typically
respond to aggressive Na+-Cl– repletion.
Hypervolemic Hyponatremia Patients with hypervolemic hyponatremia develop an increase in total-body Na+-Cl– that is accompanied
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by a proportionately greater increase in total-body water, leading to a
reduced plasma Na+ concentration. As in hypovolemic hyponatremia,
the causative disorders can be separated by the effect on urine Na+
concentration, with acute or chronic renal failure uniquely associated
with an increase in urine Na+ concentration (Fig. 63-5). The pathophysiology of hyponatremia in the sodium-avid edematous disorders
(congestive heart failure [CHF], cirrhosis, and nephrotic syndrome) is
similar to that in hypovolemic hyponatremia, except that arterial filling and circulatory integrity is decreased due to the specific etiologic
factors (e.g., cardiac dysfunction in CHF, peripheral vasodilation in
cirrhosis). Urine Na+ concentration is typically very low, i.e., <10 mM,
even after hydration with normal saline; this Na+-avid state may be
obscured by diuretic therapy. The degree of hyponatremia provides
an indirect index of the associated neurohumoral activation and is an
important prognostic indicator in hypervolemic hyponatremia.

Fluid and Electrolyte Disturbances

UNa <20

CHAPTER 63

UNa >20

Hypervolemia
• Total body water ↑↑
• Total body sodium ↑

Euvolemic Hyponatremia Euvolemic hyponatremia can occur in moderate to severe hypothyroidism, with correction after achieving a
euthyroid state. Severe hyponatremia can also be a consequence of
secondary adrenal insufficiency due to pituitary disease; whereas the
deficit in circulating aldosterone in primary adrenal insufficiency
causes hypovolemic hyponatremia, the predominant glucocorticoid
deficiency in secondary adrenal failure is associated with euvolemic
hyponatremia. Glucocorticoids exert a negative feedback on AVP
release by the posterior pituitary such that hydrocortisone replacement
in these patients will rapidly normalize the AVP response to osmolality, reducing circulating AVP.
The syndrome of inappropriate antidiuresis (SIAD) is the most frequent cause of euvolemic hyponatremia (Table 63-1). The generation
of hyponatremia in SIAD requires an intake of free water, with persistent intake at serum osmolalities that are lower than the usual threshold for thirst; as one would expect, the osmotic threshold and osmotic
response curves for the sensation of thirst are shifted downward in
patients with SIAD. Four distinct patterns of AVP secretion have been
recognized in patients with SIAD, independent for the most part of
the underlying cause. Unregulated, erratic AVP secretion is seen in
about a third of patients, with no obvious correlation between serum
osmolality and circulating AVP levels. Other patients fail to suppress
AVP secretion at lower serum osmolalities, with a normal response
curve to hyperosmolar conditions; others have a “reset osmostat,” with
a lower threshold osmolality and a left-shifted osmotic response curve.
Finally, the fourth subset of patients have essentially no detectable
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