
Pathophysiology.

• Defined as a serum K+ < 3.5mmol/L.
• Most common causes are intracellular shifts & increased losses.

Clinical Features.

Typically start w/ serum  K+ < 2.5mmol/L.
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K+ intake and excretion. Acute decreases in the plasma pH 
cause K+ to shift out of the cell in exchange for H+. Conversely, 
alkalosis promotes movement of extracellular K+ into the cell 
in exchange for intracellular H+. In general, a change of 0.1 pH 
unit causes an inverse change of approximately 0.6 mEq in the 
serum K+. Respiratory acid-base disturbances affect serum K+ 
in the same manner as metabolic changes, but not as predict-
ably. K+ levels are also influenced by hormones and hormone 
receptor stimulation. Insulin increases cellular K+ uptake by 
means of the Na+-K+ ATPase pump. Insulin release is stimu-
lated by hyperkalemia, and hypokalemia inhibits insulin 
release. Alpha-adrenergic stimulation promotes hyperkalemia, 
and beta-stimulation causes uptake of K+ into cells.9

Hypokalemia

Principles of Disease

Hypokalemia is relatively common, although life-threatening 
hypokalemia is much less common.10 Hypokalemia may be the 
result of decreased K+ intake, increased K+ excretion, or trans-
cellular K+ shifts (Box 123-5).

Hypokalemia resulting from decreased dietary intake is rare. 
However, when poor intake is combined with other factors 
(e.g., vomiting or diarrhea, high insulin or aldosterone levels), 
severe hypokalemia can result. Patients suffering from pro-
longed starvation may become hypokalemic when they are fed 
because insulin secretion and increased cellular uptake cause 
K+ to move into cells.

Pronounced renal or gastrointestinal K+ losses can result in 
hypokalemia. Diuretic therapy, the most common cause of 

hypokalemia in clinical practice, increases Na+ delivery to the 
distal tubule, promoting K+ excretion. Associated volume 
depletion and high levels of aldosterone cause K+ and H+ 
excretion and may worsen hypokalemia. In addition, alkalosis 
from H+ excretion promotes cellular K+ uptake, further lower-
ing the serum K+ level.10

Other disorders can cause significant renal K+ loss. These 
include osmotic diuresis, high mineralocorticoid states, Mg2+ 
depletion, and high urinary concentrations of anions such as 
penicillin. Intrinsic renal causes of K+ loss include renal tubular 
acidosis (RTA), chronic interstitial disease, and drugs that 
affect tubular potassium reabsorption. RTA type 1 is caused 
by a defect in H+ secretion in the distal tubule, and RTA type 
2 is associated with a similar defect in the proximal tubule. In 
both cases, increased K+ excretion at the distal tubule is the 
result. Other causes of increased renal K+ loss include hyper-
calcemia, toxins (e.g., cisplatin, amphotericin B, aminoglyco-
sides), leukemia, interstitial nephritis, and postobstructive 
diuresis.

Primary hyperaldosteronism (Conn’s syndrome), which is 
typically caused by adrenal adenoma, is characterized by 
hypertension and hypokalemia.11 Secondary hyperaldosteron-
ism, due to increased renin release, causes hypokalemia in the 
face of volume depletion as K+ is exchanged for Na+ at the 
distal tubule. In Bartter’s syndrome, a disorder causing hyper-
plasia of the juxtaglomerular apparatus and hyper-reninism, 
patients typically have weakness and hypokalemia.

Gastrointestinal losses of K+ occur in patients with pro-
tracted vomiting and diarrhea. Vomiting itself does not cause 
K+ loss; rather, hypokalemia results from hypovolemia, second-
ary hyperaldosteronism, and alkalosis. Diarrhea can cause 

Decreased intake
Decreased dietary potassium
Impaired absorption of potassium
Clay ingestion
Kayexalate

Increased loss
Renal

Hyperaldosteronism
Primary

Conn’s syndrome
Adrenal hyperplasia

Secondary
Congestive heart failure
Cirrhosis
Nephrotic syndrome
Dehydration

Bartter’s syndrome
Glycyrrhizic acid (licorice, chewing tobacco)
Excessive adrenocorticosteroids

Cushing’s syndrome
Steroid therapy
Adrenogenital syndrome

Renal tubular defects
Renal tubular acidosis
Obstructive uropathy
Salt-wasting nephropathy

Drugs
Diuretics
Aminoglycosides
Mannitol
Amphotericin B

Cisplatin
Carbenicillin

Gastrointestinal
Vomiting
Nasogastric suction
Diarrhea
Malabsorption
Ileostomy
Villous adenoma
Laxative abuse

Increased losses from skin
Excessive sweating
Burns

Transcellular shifts
Alkalosis

Vomiting
Diuretics
Hyperventilation
Bicarbonate therapy

Insulin
Exogenous
Endogenous response to glucose

Beta2-agonists (albuterol, terbutaline, epinephrine)
Hypokalemic periodic paralysis

Familial
Thyrotoxic

Miscellaneous
Anabolic state
Intravenous hyperalimentation
Treatment of megaloblastic anemia
Acute mountain sickness

BOX 123-5 CAUSES OF HYPOKALEMIA



Management.

• Because K+ is an ic.Cation, a low serum level reflects a much greater total K+ deficit. 
• This can surprisingly be in excess of 300+mmol deficit of K+. 
• Up to 50% of replaced potassium is excreted in urine.

• Oral replacement.
• Potassium rich foods.
• Salt-substitutes.

• Intravenous replacement.
• 10mmol KCl over 30-60mins → cardiac monitoring required.
• up to 40mmol can be added per liter of IV fluid.
• >20mmol/hr ideally via central line.
• Do NOT exceed 40mmol/hr.

T wave inversion and prominent U waves in hypokalaemia

Apparent long QT interval with hypokalaemia (actually T-U fusion)


