TABLE 423-5 Causes of Hypermagnesemia
I. Excessive magnesium intake
A. Cathartics, urologic irrigants
B. Parenteral magnesium administration
II. Rapid mobilization from soft tissues
A. Trauma, shock, sepsis
B. Cardiac arrest
C. Burns
III. Impaired magnesium excretion
A. Renal failure
B. Familial hypocalciuric hypercalcemia
IV. Other
A. Adrenal insufficiency
B. Hypothyroidism
C. Hypothermia

Clinical and Laboratory Findings The most prominent clinical manifestations of hypermagnesemia are vasodilation and neuromuscular
blockade, which may appear at serum magnesium concentrations
>2 mmol/L (>4 meq/L; >4.8 mg/dL). Hypotension that is refractory
to vasopressors or volume expansion may be an early sign. Nausea,
lethargy, and weakness may progress to respiratory failure, paralysis,
and coma, with hypoactive tendon reflexes, at serum magnesium levels
>4 mmol/L. Other findings may include gastrointestinal hypomotility
or ileus; facial flushing; pupillary dilation; paradoxical bradycardia;
prolongation of PR, QRS, and QT intervals; heart block; and, at serum
magnesium levels approaching 10 mmol/L, asystole.
Hypermagnesemia, acting via the CaSR, causes hypocalcemia and
hypercalciuria due to both parathyroid suppression and impaired
cTAL calcium reabsorption.
TREATMENT

Hypermagnesemia

Successful treatment of hypermagnesemia generally involves identifying and interrupting the source of magnesium and employing
measures to increase magnesium clearance from the ECF. Use of
magnesium-free cathartics or enemas may be helpful in clearing
ingested magnesium from the gastrointestinal tract. Vigorous IV
hydration should be attempted, if appropriate. Hemodialysis is
effective and may be required in patients with significant renal
insufficiency. Calcium, administered IV in doses of 100–200 mg over
1–2 h, has been reported to provide temporary improvement in
signs and symptoms of hypermagnesemia.

VITAMIN D
SYNTHESIS AND METABOLISM
1,25-Dihydroxyvitamin D (1,25[OH]2D) is the major steroid hormone
involved in mineral ion homeostasis regulation. Vitamin D and its
metabolites are hormones and hormone precursors rather than vitamins, since in the proper biologic setting, they can be synthesized
endogenously (Fig. 423-4). In response to ultraviolet radiation of the
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Figure 423-4 Vitamin D synthesis and activation. Vitamin D
is synthesized in the skin in response to ultraviolet radiation and
also is absorbed from the diet. It is then transported to the liver,
where it undergoes 25-hydroxylation. This metabolite is the major
circulating form of vitamin D. The final step in hormone activation,
1α-hydroxylation, occurs in the kidney.
skin, a photochemical cleavage results in the formation of vitamin
D from 7-dehydrocholesterol. Cutaneous production of vitamin D
is decreased by melanin and high solar protection factor sunblocks,
which effectively impair skin penetration by ultraviolet light. The
increased use of sunblocks in North America and Western Europe
and a reduction in the magnitude of solar exposure of the general
population over the last several decades has led to an increased reliance on dietary sources of vitamin D. In the United States and Canada,
these sources largely consist of fortified cereals and dairy products, in
addition to fish oils and egg yolks. Vitamin D from plant sources is in
the form of vitamin D2, whereas that from animal sources is vitamin
D3. These two forms have equivalent biologic activity and are activated
equally well by the vitamin D hydroxylases in humans. Vitamin D
enters the circulation, whether absorbed from the intestine or synthesized cutaneously, bound to vitamin D–binding protein, an α-globulin
synthesized in the liver. Vitamin D is subsequently 25-hydroxylated in
the liver by cytochrome P450–like enzymes in the mitochondria and
microsomes. The activity of this hydroxylase is not tightly regulated,
and the resultant metabolite, 25-hydroxyvitamin D (25[OH]D), is
the major circulating and storage form of vitamin D. Approximately
88% of 25(OH)D circulates bound to the vitamin D–binding protein,
0.03% is free, and the rest circulates bound to albumin. The half-life of
25(OH)D is approximately 2–3 weeks; however, it is shortened dramatically when vitamin D–binding protein levels are reduced, as can
occur with increased urinary losses in the nephrotic syndrome.
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magnesium. Mild hypermagnesemia due to excessive reabsorption in
the cTAL occurs with CaSR mutations in familial hypocalciuric hypercalcemia and has been described in some patients with adrenal insufficiency, hypothyroidism, or hypothermia. Massive exogenous magnesium exposures, usually via the gastrointestinal tract, can overwhelm
renal excretory capacity and cause life-threatening hypermagnesemia
(Table 423-5). A notable example of this is prolonged retention of
even normal amounts of magnesium-containing cathartics in patients
with intestinal ileus, obstruction, or perforation. Extensive soft tissue
injury or necrosis can also deliver large amounts of magnesium into
the ECF in patients who have suffered trauma, shock, sepsis, cardiac
arrest, or severe burns.
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