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I. Impaired intestinal absorption
A. Hypomagnesemia with secondary hypocalcemia (TRPM6 mutations)
B. Malabsorption syndromes
C. Vitamin D deficiency
D. Proton pump inhibitors
II. Increased intestinal losses
A. Protracted vomiting/diarrhea
B. Intestinal drainage, fistulas
III. Impaired renal tubular reabsorption
A. Genetic magnesium-wasting syndromes
1. Gitelman’s syndrome
2. Bartter’s syndrome
3. Claudin 16 or 19 mutations
4. Potassium channel mutations (Kv1.1, Kir4.1)
5. Na+,K+-ATPase γ-subunit mutations (FXYD2)
B. Acquired renal disease
1. Tubulointerstitial disease
2. Postobstruction, ATN (diuretic phase)
3. Renal transplantation
C. Drugs and toxins
1. Ethanol
2. Diuretics (loop, thiazide, osmotic)
3. Cisplatin
4. Pentamidine, foscarnet
5. Cyclosporine
6. Aminoglycosides, amphotericin B
7. Cetuximab
D. Other
1. Extracellular fluid volume expansion
2. Hyperaldosteronism
3. SIADH
4. Diabetes mellitus
5. Hypercalcemia
6. Phosphate depletion
7. Metabolic acidosis
8. Hyperthyroidism
IV. Rapid shifts from extracellular fluid
A. Intracellular redistribution
1. Recovery from diabetic ketoacidosis
2. Refeeding syndrome
3. Correction of respiratory acidosis
4. Catecholamines
B. Accelerated bone formation
1. Postparathyroidectomy
2. Treatment of vitamin D deficiency
3. Osteoblastic metastases
C. Other
1. Pancreatitis, burns, excessive sweating
2. Pregnancy (third trimester) and lactation
Abbreviations: ATN, acute tubular necrosis; SIADH, syndrome of inappropriate antidiuretic
hormone.

of the CaSR can cause hypomagnesemia as well as hypocalcemia.
ECF expansion, hypercalcemia, and severe phosphate depletion may
impair magnesium reabsorption, as can various forms of renal injury,
including those caused by drugs such as cisplatin, cyclosporine, aminoglycosides, and pentamidine as well as the epidermal growth factor
(EGF) receptor inhibitory antibody, cetuximab (EGF action is required
for normal DCT apical expression of TRPM6) (Table 423-4). A rising
blood concentration of ethanol directly impairs tubular magnesium
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reabsorption, and persistent glycosuria with osmotic diuresis leads to
magnesium wasting and probably contributes to the high frequency of
hypomagnesemia in poorly controlled diabetic patients. Magnesium
depletion is aggravated by metabolic acidosis, which causes intracellular losses as well.
Hypomagnesemia due to rapid shifts of magnesium from ECF into
the intracellular compartment can occur during recovery from diabetic
ketoacidosis, starvation, or respiratory acidosis. Less acute shifts may
be seen during rapid bone formation after parathyroidectomy, with
treatment of vitamin D deficiency, or with osteoblastic metastases.
Large amounts of magnesium may be lost with acute pancreatitis,
extensive burns, or protracted and severe sweating and during pregnancy and lactation.
Clinical and Laboratory Findings Hypomagnesemia may cause generalized alterations in neuromuscular function, including tetany, tremor,
seizures, muscle weakness, ataxia, nystagmus, vertigo, apathy, depression, irritability, delirium, and psychosis. Patients are usually asymptomatic when serum magnesium concentrations are >0.5 mmol/L (1
meq/L; 1.2 mg/dL), although the severity of symptoms may not correlate with serum magnesium levels. Cardiac arrhythmias may occur,
including sinus tachycardia, other supraventricular tachycardias,
and ventricular arrhythmias. Electrocardiographic abnormalities may
include prolonged PR or QT intervals, T-wave flattening or inversion,
and ST straightening. Sensitivity to digitalis toxicity may be enhanced.
Other electrolyte abnormalities often seen with hypomagnesemia,
including hypocalcemia (with hypocalciuria) and hypokalemia, may
not be easily corrected unless magnesium is administered as well.
The hypocalcemia may be a result of concurrent vitamin D deficiency, although hypomagnesemia can cause impaired synthesis of
1,25(OH)2D, cellular resistance to PTH, and, at very low serum magnesium (<0.4 mmol/L [0.8 meq/L; <1 mg/dL]), a defect in PTH secretion;
these abnormalities are reversible with therapy.
TREATMENT

Hypomagnesemia

Mild, asymptomatic hypomagnesemia may be treated with oral
magnesium salts (MgCl2, MgO, Mg[OH]2) in divided doses totaling 20–30 mmol/d (40–60 meq/d). Diarrhea may occur with larger
doses. More severe hypomagnesemia should be treated parenterally, preferably with IV MgCl2, which can be administered safely as
a continuous infusion of 50 mmol/d (100 meq Mg2+/d) if renal function is normal. If GFR is reduced, the infusion rate should be lowered
by 50–75%. Use of IM MgSO4 is discouraged; the injections are
painful and provide relatively little magnesium (2 mL of 50% MgSO4
supplies only 4 mmol). MgSO4 may be given IV instead of MgCl2,
although the sulfate anions may bind calcium in serum and urine
and aggravate hypocalcemia. Serum magnesium should be monitored at intervals of 12–24 h during therapy, which may continue
for several days because of impaired renal conservation of magnesium (only 50–70% of the daily IV magnesium dose is retained) and
delayed repletion of intracellular deficits, which may be as high as
1–1.5 mmol/kg (2–3 meq/kg).
It is important to consider the need for calcium, potassium, and
phosphate supplementation in patients with hypomagnesemia.
Vitamin D deficiency frequently coexists and should be treated with
oral or parenteral vitamin D or 25(OH)D (but not with 1,25[OH]2D,
which may impair tubular magnesium reabsorption, possibly via
PTH suppression). In severely hypomagnesemic patients with concomitant hypocalcemia and hypophosphatemia, administration of
IV magnesium alone may worsen hypophosphatemia, provoking
neuromuscular symptoms or rhabdomyolysis, due to rapid stimulation of PTH secretion. This is avoided by administering both calcium
and magnesium.

HYPERMAGNESEMIA
Causes Hypermagnesemia is rarely seen in the absence of renal insufficiency, as normal kidneys can excrete large amounts (250 mmol/d) of
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