2460 elevations that peak 1–2 days after the nadir in serum phosphate, when
the release of phosphate from injured myocytes may have led to a near
normalization of circulating levels of phosphate.
Respiratory failure and cardiac dysfunction, which are reversible
with phosphate treatment, may occur at serum phosphate levels of
0.5–0.8 mmol/L (1.5–2.5 mg/dL). Renal tubular defects, including
tubular acidosis, glycosuria, and impaired reabsorption of sodium
and calcium, may occur. Hematologic abnormalities correlate with
reductions in intracellular ATP and 2,3-diphosphoglycerate and may
include erythrocyte microspherocytosis and hemolysis; impaired
oxyhemoglobin dissociation; defective leukocyte chemotaxis, phagocytosis, and bacterial killing; and platelet dysfunction with spontaneous
gastrointestinal hemorrhage.
TREATMENT
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Severe hypophosphatemia (<0.75 mmol/L [<2 mg/dL]), particularly in the setting of underlying phosphate depletion, constitutes
a dangerous electrolyte abnormality that should be corrected
promptly. Unfortunately, the cumulative deficit in body phosphate
cannot be predicted easily from knowledge of the circulating level
of phosphate, and therapy must be approached empirically. The
threshold for IV phosphate therapy and the dose administered
should reflect consideration of renal function, the likely severity and
duration of the underlying phosphate depletion, and the presence
and severity of symptoms consistent with those of hypophosphatemia. In adults, phosphate may be safely administered IV as neutral
mixtures of sodium or potassium phosphate salts at initial doses
of 0.2–0.8 mmol/kg of elemental phosphorus over 6 h (e.g., 10–50
mmol over 6 h), with doses >20 mmol/6 h reserved for those who
have serum levels <0.5 mmol/L (1.5 mg/dL) and normal renal function. A suggested approach is presented in Table 423-2. Serum
levels of phosphate and calcium must be monitored closely (every
6–12 h) throughout treatment. It is necessary to avoid a serum
calcium-phosphorus product >50 to reduce the risk of heterotopic
calcification. Hypocalcemia, if present, should be corrected before
administering IV phosphate. Less severe hypophosphatemia, in the
range of 0.5–0.8 mmol/L (1.5–2.5 mg/dL), usually can be treated with
oral phosphate in divided doses of 750–2000 mg/d as elemental
phosphorus; higher doses can cause bloating and diarrhea.
Management of chronic hypophosphatemia requires knowledge
of the cause(s) of the disorder. Hypophosphatemia related to the
secondary hyperparathyroidism of vitamin D deficiency usually
responds to treatment with vitamin D and calcium alone. XLH,
ADHR, TIO, and related renal tubular disorders usually are managed with divided oral doses of phosphate, often with calcium and
1,25(OH)2D supplements to bypass the block in renal 1,25(OH)2D
synthesis and prevent secondary hyperparathyroidism caused by
suppression of ECF calcium levels. Thiazide diuretics may be used
to prevent nephrocalcinosis in patients who are managed this way.
Complete normalization of hypophosphatemia is generally not

possible in these conditions. Optimal therapy for TIO is extirpation
of the responsible tumor, which may be localized by radiographic
skeletal survey or bone scan (many are located in bone) or by radionuclide scanning using sestamibi or labeled octreotide. Successful
treatment of TIO-induced hypophosphatemia with octreotide has
been reported in a small number of patients.
HYPERPHOSPHATEMIA
Causes When the filtered load of phosphate and glomerular filtration
rate (GFR) are normal, control of serum phosphate levels is achieved
by adjusting the rate at which phosphate is reabsorbed by the proximal
tubular NaPi-2 co-transporters. The principal hormonal regulators
of NaPi-2 activity are PTH and FGF23. Hyperphosphatemia, defined
in adults as a fasting serum phosphate concentration >1.8 mmol/L
(5.5 mg/dL), usually results from impaired glomerular filtration, hypoparathyroidism, excessive delivery of phosphate into the ECF (from
bone, gut, or parenteral phosphate therapy), or a combination of these
factors (Table 423-3). The upper limit of normal serum phosphate
concentrations is higher in children and neonates (2.4 mmol/L [7 mg/
dL]). It is useful to distinguish hyperphosphatemia caused by impaired
renal phosphate excretion from that which results from excessive
delivery of phosphate into the ECF (Table 423-3).
In chronic renal insufficiency, reduced GFR leads to phosphate
retention. Hyperphosphatemia in turn further impairs renal synthesis
of 1,25(OH)2D, increases FGF23 levels, and stimulates PTH secretion
and hypertrophy both directly and indirectly (by lowering blood ionized calcium levels). Thus, hyperphosphatemia is a major cause of the
secondary hyperparathyroidism of renal failure and must be addressed
early in the course of the disease (Chaps. 335 and 424).
Hypoparathyroidism leads to hyperphosphatemia via increased
expression of NaPi-2 co-transporters in the proximal tubule.
Hypoparathyroidism, or parathyroid suppression, has multiple potential causes, including autoimmune disease; developmental, surgical, or
radiation-induced absence of functional parathyroid tissue; vitamin D
intoxication or other causes of PTH-independent hypercalcemia; cellular PTH resistance (pseudohypoparathyroidism or hypomagnesemia);
infiltrative disorders such as Wilson’s disease and hemochromatosis;
and impaired PTH secretion caused by hypermagnesemia, severe
hypomagnesemia, or activating mutations in the CaSR. Hypocalcemia
may also contribute directly to impaired phosphate clearance, as calcium infusion can induce phosphaturia in hypoparathyroid subjects.
Increased tubular phosphate reabsorption also occurs in acromegaly,
during heparin administration, and in tumoral calcinosis. Tumoral calcinosis is caused by a rare group of genetic disorders in which FGF23
is processed in a way that leads to low levels of active FGF23 in the
bloodstream. This may result from mutations in the FGF23 sequence
or via inactivating mutations in the GALNT3 gene, which encodes a
galactosaminyl transferase that normally adds sugar residues to FGF23
that slow its proteolysis. A similar syndrome results from FGF23 resistance due to inactivating mutations of the FGF23 co-receptor Klotho.
These abnormalities cause elevated serum 1,25(OH)2D, parathyroid

TABLE 423-2 Intravenous Therapy for Hypophosphatemia
Consider
Likely severity of underlying phosphate depletion
Concurrent parenteral glucose administration
Presence of neuromuscular, cardiopulmonary, or hematologic complications of hypophosphatemia
Renal function (reduce dose by 50% if serum creatinine >220 μmol/L [>2.5 mg/dL])
Serum calcium level (correct hypocalcemia first; reduce dose by 50% in hypercalcemia)
Guidelines
Serum Phosphorus, mM (mg/dL)
<0.8 (<2.5)
<0.5 (<1.5)
<0.3 (<1)

Rate of Infusion, mmol/h
2
4
8

Duration, h
6
6
6

Total Administered, mmol
12
24
48

Note: Rates shown are calculated for a 70-kg person; levels of serum calcium and phosphorus must be measured every 6–12 h during therapy; infusions can be repeated to achieve
stable serum phosphorus levels >0.8 mmol/L (>2.5 mg/dL); most formulations available in the United States provide 3 mmol/mL of sodium or potassium phosphate.
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