magnesium depletion causes exaggerated K+ secretion by the distal
nephron; this effect is attributed to a reduction in the magnesiumdependent, intracellular block of K+ efflux through the secretory K+
channel of principal cells (ROMK; Fig. 63-4). In consequence, hypomagnesemic patients are clinically refractory to K+ replacement in the
absence of Mg2+ repletion. Notably, magnesium deficiency is also a
common concomitant of hypokalemia because many disorders of the
distal nephron may cause both potassium and magnesium wasting
(Chap. 339).
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Hypokalemia

The goals of therapy in hypokalemia are to prevent life-threatening
and/or serious chronic consequences, to replace the associated K+
deficit, and to correct the underlying cause and/or mitigate future
hypokalemia. The urgency of therapy depends on the severity
of hypokalemia, associated clinical factors (e.g., cardiac disease,
digoxin therapy), and the rate of decline in serum K+. Patients with
a prolonged QT interval and/or other risk factors for arrhythmia
should be monitored by continuous cardiac telemetry during repletion. Urgent but cautious K+ replacement should be considered in
patients with severe redistributive hypokalemia (plasma K+ concentration <2.5 mM) and/or when serious complications ensue; however, this approach has a risk of rebound hyperkalemia following
acute resolution of the underlying cause. When excessive activity
of the sympathetic nervous system is thought to play a dominant
role in redistributive hypokalemia, as in TPP, theophylline overdose,
and acute head injury, high-dose propranolol (3 mg/kg) should be
considered; this nonspecific b-adrenergic blocker will correct hypokalemia without the risk of rebound hyperkalemia.
Oral replacement with K+-Cl– is the mainstay of therapy in hypokalemia. Potassium phosphate, oral or IV, may be appropriate
in patients with combined hypokalemia and hypophosphatemia.
Potassium bicarbonate or potassium citrate should be considered
in patients with concomitant metabolic acidosis. Notably, hypomagnesemic patients are refractory to K+ replacement alone, such that
concomitant Mg2+ deficiency should always be corrected with oral
or intravenous repletion. The deficit of K+ and the rate of correction
should be estimated as accurately as possible; renal function, medications, and comorbid conditions such as diabetes should also be
considered, so as to gauge the risk of overcorrection. In the absence
of abnormal K+ redistribution, the total deficit correlates with serum
K+, such that serum K+ drops by approximately 0.27 mM for every
100-mmol reduction in total-body stores; loss of 400–800 mmol of
total-body K+ results in a reduction in serum K+ by approximately
2.0 mM. Notably, given the delay in redistributing potassium into
intracellular compartments, this deficit must be replaced gradually
over 24-48 h, with frequent monitoring of plasma K+ concentration
to avoid transient overrepletion and transient hyperkalemia.
The use of intravenous administration should be limited to
patients unable to use the enteral route or in the setting of
severe complications (e.g., paralysis, arrhythmia). Intravenous K+-Cl–
should always be administered in saline solutions, rather than dextrose, because the dextrose-induced increase in insulin can acutely

Fluid and Electrolyte Disturbances

Diagnostic Approach The cause of hypokalemia is usually evident
from history, physical examination, and/or basic laboratory tests. The
history should focus on medications (e.g., laxatives, diuretics, antibiotics), diet and dietary habits (e.g., licorice), and/or symptoms that suggest a particular cause (e.g., periodic weakness, diarrhea). The physical
examination should pay particular attention to blood pressure, volume
status, and signs suggestive of specific hypokalemic disorders, e.g.,
hyperthyroidism and Cushing’s syndrome. Initial laboratory evaluation should include electrolytes, BUN, creatinine, serum osmolality, Mg2+, Ca2+, a complete blood count, and urinary pH, osmolality,
creatinine, and electrolytes (Fig. 63-7). The presence of a non–anion
gap acidosis suggests a distal, hypokalemic renal tubular acidosis or
diarrhea; calculation of the urinary anion gap can help differentiate
these two diagnoses. Renal K+ excretion can be assessed with a 24-h
urine collection; a 24-h K+ excretion of <15 mmol is indicative of an
extrarenal cause of hypokalemia (Fig. 63-7). If only a random, spot
urine sample is available, serum and urine osmolality can be used to
calculate the transtubular K+ gradient (TTKG), which should be <3 in
the presence of hypokalemia (see also “Hyperkalemia”). Alternatively,
a urinary K+-to-creatinine ratio of >13 mmol/g creatinine (>1.5 mmol/
mmol creatinine) is compatible with excessive renal K+ excretion.
Urine Cl– is usually decreased in patients with hypokalemia from a
nonreabsorbable anion, such as antibiotics or HCO3–. The most common causes of chronic hypokalemic alkalosis are surreptitious vomiting, diuretic abuse, and GS; these can be distinguished by the pattern
of urinary electrolytes. Hypokalemic patients with vomiting due to

TREATMENT

307

CHAPTER 63

Clinical Features Hypokalemia has prominent effects on cardiac, skeletal, and intestinal muscle cells. In particular, hypokalemia is a major
risk factor for both ventricular and atrial arrhythmias. Hypokalemia
predisposes to digoxin toxicity by a number of mechanisms, including
reduced competition between K+ and digoxin for shared binding sites
on cardiac Na+/K+-ATPase subunits. Electrocardiographic changes
in hypokalemia include broad flat T waves, ST depression, and QT
prolongation; these are most marked when serum K+ is <2.7 mmol/L.
Hypokalemia can thus be an important precipitant of arrhythmia in
patients with additional genetic or acquired causes of QT prolongation. Hypokalemia also results in hyperpolarization of skeletal muscle,
thus impairing the capacity to depolarize and contract; weakness and
even paralysis may ensue. It also causes a skeletal myopathy and predisposes to rhabdomyolysis. Finally, the paralytic effects of hypokalemia on intestinal smooth muscle may cause intestinal ileus.
The functional effects of hypokalemia on the kidney can include
Na+-Cl– and HCO3– retention, polyuria, phosphaturia, hypocitraturia,
and an activation of renal ammoniagenesis. Bicarbonate retention and
other acid-base effects of hypokalemia can contribute to the generation
of metabolic alkalosis. Hypokalemic polyuria is due to a combination
of central polydipsia and an AVP-resistant renal concentrating defect.
Structural changes in the kidney due to hypokalemia include a relatively specific vacuolizing injury to proximal tubular cells, interstitial
nephritis, and renal cysts. Hypokalemia also predisposes to acute kidney injury and can lead to end-stage renal disease in patients with longstanding hypokalemia due to eating disorders and/or laxative abuse.
Hypokalemia and/or reduced dietary K+ are implicated in the
pathophysiology and progression of hypertension, heart failure, and
stroke. For example, short-term K+ restriction in healthy humans
and patients with essential hypertension induces Na+-Cl– retention and
hypertension. Correction of hypokalemia is particularly important in
hypertensive patients treated with diuretics, in whom blood pressure
improves with the establishment of normokalemia.

bulimia will thus have a urinary Cl– <10 mmol/L; urine Na+, K+, and
Cl– are persistently elevated in GS, due to loss of function in the thiazide-sensitive Na+-Cl– cotransporter, but less elevated in diuretic abuse
and with greater variability. Urine diuretic screens for loop diuretics
and thiazides may be necessary to further exclude diuretic abuse.
Other tests, such as urinary Ca2+, thyroid function tests, and/or PRA
and aldosterone levels, may also be appropriate in specific cases. A
plasma aldosterone:PRA ratio of >50, due to suppression of circulating renin and an elevation of circulating aldosterone, is suggestive of
hyperaldosteronism. Patients with hyperaldosteronism or apparent
mineralocorticoid excess may require further testing, for example
adrenal vein sampling (Chap. 406) or the clinically available testing for
specific genetic causes (e.g., FH-I, SAME, Liddle’s syndrome). Patients
with primary aldosteronism should thus be tested for the chimeric
FH-I/GRA gene (see above) if they are younger than 20 years of age
or have a family history of primary aldosteronism or stroke at a young
age (<40 years). Preliminary differentiation of Liddle’s syndrome due
to mutant ENaC channels from SAME due to mutant 11βHSD-2
(see above), both of which cause hypokalemia and hypertension with
aldosterone suppression, can be made on a clinical basis and then
confirmed by genetic analysis; patients with Liddle’s syndrome should
respond to amiloride (ENaC inhibition) but not spironolactone,
whereas patients with SAME will respond to spironolactone.
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