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Hypercalcemia Associated with Cancer
Andrew F. Stewart, M.D.
This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the author’s clinical recommendations.

A 47-year-old woman with a history of breast cancer presents with confusion and dehydration. The serum calcium level is 18.0 mg per deciliter (4.5 mmol per liter). She has
postural hypotension and low central venous pressure on examination of the jugular
veins. The serum phosphorus level is 5.0 mg per deciliter (1.6 mmol per liter), the
blood urea nitrogen level is 80.0 mg per deciliter (28.6 mmol per liter), the serum creatinine level is 2.0 mg per deciliter (177 µmol per liter), and the albumin level is 3.3 g
per deciliter. A bone scintigraphic scan reveals no evidence of skeletal involvement by
the tumor. How should she be treated?

the clinical problem
Hypercalcemia has been reported to occur in up to 20 to 30 percent of patients with
cancer at some time during the course of their disease.1-4 This incidence may be falling
owing to the wide use of bisphosphonates in patients with either multiple myeloma or
breast cancer, although data are lacking. Hypercalcemia leads to progressive mental impairment, including coma, as well as renal failure. These complications are particularly
common terminal events among patients with cancer. The detection of hypercalcemia in
a patient with cancer signifies a very poor prognosis; approximately 50 percent of such
patients die within 30 days.5
Hypercalcemia associated with cancer can be classified into four types (Table 1).1-4
In patients with local osteolytic hypercalcemia, the hypercalcemia results from the
marked increase in osteoclastic bone resorption in areas surrounding the malignant
cells within the marrow space.3,4,6 The condition known as humoral hypercalcemia of
malignancy (HHM) is caused by systemic secretion of parathyroid hormone (PTH)–
related protein (PTHrP) by malignant tumors.1,2,7,8 PTHrP causes increased bone
resorption1,2,7,8 and enhances renal retention of calcium.9,10 The tumors that most
commonly cause HHM are listed in Table 1, but essentially any tumor may cause this
syndrome. Some lymphomas secrete the active form of vitamin D, 1,25-dihydroxyvitamin D (1,25(OH)2D), causing hypercalcemia as a result of the combination of enhanced
osteoclastic bone resorption and enhanced intestinal absorption of calcium.1,2,11 Finally, ectopic secretion of authentic PTH is a rare cause of hypercalcemia, having been
well documented in only eight patients to date.1,2,12
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strategies and evidence
diagnosis

Although clinical laboratories generally measure the total serum calcium level, it is occasionally valuable to measure the serum level of ionized calcium, because increases or
decreases in the albumin level may cause misleading increases or decreases, respectively,
in the total serum calcium level. In addition, in rare patients with myeloma in whom caln engl j med 352;4
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Table 1. Types of Hypercalcemia Associated with Cancer.*
Type

Frequency Bone Metastases

Causal Agent

Typical Tumors

(%)
Local osteolytic
hypercalcemia

20

Common,
extensive

Cytokines, chemokines, PTHrP

Breast cancer, multiple myeloma,
lymphoma

Humoral hypercalcemia
of malignancy

80

Minimal or
absent

PTHrP

Squamous-cell cancer, (e.g., of head
and neck, esophagus, cervix,
or lung), renal cancer, ovarian
cancer, endometrial cancer, HTLVassociated lymphoma, breast
cancer

1,25(OH)2D-secreting
lymphomas

<1

Variable

1,25(OH)2D

Lymphoma (all types)

Ectopic hyperparathyroidism

<1

Variable

PTH

Variable

* PTH denotes parathyroid hormone, PTHrP PTH-related protein, 1,25(OH) 2D 1,25-dihydroxyvitamin D, and HTLV human
T-cell lymphotrophic virus.

cium-binding immunoglobulins are produced,13
measurement of total serum calcium may substantially overestimate the serum ionized calcium level.
There are formulas with which to calculate the serum ionized calcium level or to “correct” the total
calcium level (e.g., add 0.8 mg per deciliter to the
total calcium level for every 1.0 g per deciliter of serum albumin below the level of 3.5 g per deciliter),
but they are not precise or always reliable.14 Thus,
measurement of serum ionized calcium should be
considered whenever there is doubt about the validity of the measurement of total calcium. The test
can be performed rapidly in most hospital laboratories or neonatal intensive care units.
If the calcium level is elevated, a further evaluation should consider not only the mechanisms that
are potentially related to the cancer but also causes
of the elevation of the calcium level that are unrelated to the cancer (e.g., primary hyperparathyroidism, the use of thiazide diuretics, and granulomatous disease, among other causes).15-18 The tumors
present in hypercalcemia associated with malignant
disease are generally large and readily apparent1-4;
notable exceptions are small neuroendocrine tumors (such as islet tumors and pheochromocytomas). The levels of intact PTH should be measured
routinely. Although ectopic hyperparathyroidism
is extremely rare in hypercalcemia associated with
cancer, concomitant primary hyperparathyroidism
is not (we found that in 8 of 133 patients with cancer and hypercalcemia, primary hyperparathyroidism was the cause).18 Although most patients with
typical HHM (Table 1) have increased levels of circulating PTHrP, the diagnosis is usually obvious on
374
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clinical grounds; PTHrP should therefore be measured in the occasional cases in which the diagnosis of HHM cannot be made on clinical grounds
or when the cause of hypercalcemia is obscure.
Plasma 1,25(OH)2D should be measured when
sarcoidosis, other granulomatous disorders, or the
1,25(OH)2D lymphoma syndrome is considered
in the differential diagnosis. A bone scan (or a
skeletal survey, in the case of myeloma) is useful to
assess the skeletal tumor burden in patients with
cancer and hypercalcemia, if the test was not previously performed for tumor staging.
therapeutic considerations

In planning therapy for patients with hypercalcemia
associated with malignant disease, antihypercalcemic therapy should be considered an interim measure, one with no ultimate effect on survival.5 Thus,
it is imperative that antitumor therapy be implemented promptly: control of the serum calcium level merely buys time in which such therapy can work.
Another critical point is that when all the available
therapies have failed, withholding antihypercalcemic therapy (which will eventually result in coma
and death) may be an appropriate and humane approach. In cases in which treatment is considered
appropriate, an assessment of the severity of the
hypercalcemia is needed to guide therapy.
Although there are no formal guidelines, I consider mild hypercalcemia to be a serum calcium level of 10.5 to 11.9 mg per deciliter (2.6 to 2.9 mmol
per liter), moderate hypercalcemia a level of 12.0 to
13.9 mg per deciliter (3.0 to 3.4 mmol per liter), and
severe hypercalcemia a level of 14.0 mg per deciliter
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(3.5 mmol per liter) or greater. In general, the neurologic and renal complications of hypercalcemia
worsen with increasing severity of hypercalcemia,
but other factors also influence the response to hypercalcemia. For example, the rate of the ascent of
the serum calcium level is important — a rapid increase to moderate hypercalcemia frequently results
in marked neurologic dysfunction, whereas chronic
severe hypercalcemia may cause only minimal neurologic symptoms. Similarly, older patients with
preexisting neurologic or cognitive dysfunction may
become severely obtunded in the presence of mild
hypercalcemia, whereas younger patients with moderate-to-severe hypercalcemia may remain alert. Finally, the concomitant administration of sedatives
or narcotics may worsen the neurologic response to
hypercalcemia.
The optimal therapy for hypercalcemia associated with cancer is one that is tailored both to the degree of hypercalcemia and to its underlying cause.
True hypercalcemia (i.e., an elevated serum level of
ionized calcium) occurs through three basic mechanisms: enhanced osteoclastic bone resorption (in
local osteolytic hypercalcemia, HHM, 1,25(OH)2Dsecreting lymphomas, and the rare case of ectopic
hyperparathyroidism); enhanced renal tubular reabsorption of calcium (in HHM and ectopic hyperparathyroidism); and enhanced intestinal absorption of calcium (in 1,25(OH)2D-secreting
lymphomas and possibly ectopic hyperparathyroidism). Therapy should be targeted accordingly.
general supportive measures

The important general supportive measures include
the removal of calcium from parenteral feeding
solutions (a measure often overlooked); discontinuation of the use of oral calcium supplements
in enteral feeding solutions or as calcium tablets;
discontinuation of medications that may independently lead to hypercalcemia (e.g., lithium, calcitriol, vitamin D, and thiazides); an increase in the
weight-bearing mobility of the patient, if possible;
and discontinuation of the use of sedative drugs, including analgesic drugs, if possible, to enhance the
patient’s mental clarity and promote weight-bearing ambulation.
Hypophosphatemia develops in most patients
with hypercalcemia associated with cancer at some
point during the course of the disease, regardless of
the underlying cause, because of decreased food intake, saline diuresis, the use of loop diuretics, the
phosphaturic effects of PTHrP, the hypercalcemia
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itself, and treatment with calcitonin or antacids. In
general, the presence of hypophosphatemia increases the difficulty of treating the hypercalcemia, and in animal models hypophosphatemia has
been shown to cause hypercalcemia.19 Phosphorus
should be replaced orally or administered through
a nasogastric tube as neutral phosphate.20 The serum phosphorus and creatinine levels should be
followed closely, in an effort to keep the phosphorus level in the range of 2.5 to 3.0 mg per deciliter
(0.98 to 1.0 mmol per liter), the serum creatinine
level in the normal range, and the calcium–phosphorus product below 40, ideally in the range of 30
(when both are expressed in milligrams per deciliter). Intravenous phosphorus replacement should
not be given except in dire circumstances, when oral
or nasogastric administration is impossible, because its use can result in severe hypocalcemia,
seizures, and acute renal failure.21 These general
support measures alone may be sufficient to treat
patients with mild hypercalcemia.
saline hydration and calciuresis

Patients with hypercalcemia associated with cancer
are substantially dehydrated as a result of a renal
water-concentrating defect (nephrogenic diabetes
insipidus) induced by hypercalcemia and by decreased oral hydration resulting from anorexia and
nausea, vomiting, or both. The dehydration leads
to a reduction in the glomerular filtration rate that
further reduces the ability of the kidney to excrete
the excess serum calcium. First, therefore, parenteral volume expansion should be initiated, with the
administration of normal saline. Although there
are no randomized clinical trials to guide this therapy, in general practice normal saline is administered at a rate of 200 to 500 ml per hour, depending
on the baseline level of dehydration and renal function, the patient’s cardiovascular status, the degree
of mental impairment, and the severity of the hypercalcemia. These factors must be assessed with
the use of careful clinical monitoring for physical
findings that are consistent with fluid overload.
The goals of treatment are to increase the glomerular filtration rate, thus increasing the filtered load of
calcium that passes through the glomerulus into
the tubular lumen, and to inhibit calcium reabsorption in the proximal nephron (because saline itself
is calciuretic). Increasing the glomerular filtration
rate to or above the normal range (within safe limits) also permits the use of loop diuretics (Table 2)
to increase the renal excretion of calcium (loop di-
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Table 2. Pharmacologic Therapy for Hypercalcemia Associated with Cancer.*
Intervention

Dose

Adverse Effect

Hydration or calciuresis
Intravenous saline

200–500 ml/hr, depending on the cardiovascular
and renal status of the patient

Congestive heart failure

Furosemide

20–40 mg intravenously, after rehydration has
been achieved

Dehydration, hypokalemia

For example, 250 mg Neutraphos orally, four
times daily until serum phosphorus level >3.0
mg/dl or until serum creatinine level increases

Renal failure, hypocalcemia, seizures,
abnormalities of cardiac conduction,
diarrhea

Pamidronate

60–90 mg intravenously over a 2-hr period in a
solution of 50–200 ml of saline or 5% dextrose
in water§

Renal failure, transient flu-like syndrome
with aches, chills, and fever

Zoledronate

4 mg intravenously over a 15-min period in a solution of 50 ml of saline or 5% dextrose in water

Renal failure, transient flu-like syndrome
with aches, chills, and fever

Glucocorticoids¶

For example, prednisone, 60 mg orally daily for
10 days

Potential interference with chemotherapy; hypokalemia, hyperglycemia,
hypertension, Cushing’s syndrome,
immunosuppression

Mithramycin

A single dose of 25 µg/kg of body weight over
a 4-to-6-hour period in saline

Thrombocytopenia, platelet-aggregation
defect, anemia, leukopenia, hepatitis,
renal failure¿

Calcitonin

4–8 IU per kilogram subcutaneously or intramuscularly every 12 hr

Flushing, nausea

Gallium nitrate

100–200 mg/m2 of body-surface area intravenously given continuously over a 24-hr
period for five days

Renal failure

Phosphate repletion
Oral phosphorus (if serum phosphorus
≤3.0 mg/dl)†
First-line medications
Intravenous bisphosphonates‡

Second-line medications

* Many of the recommendations in this table are based on historical precedent and common practice rather than on randomized clinical trials.
There are data from randomized trials comparing bisphosphonates to the other agents listed and to one another.
† The use of intravenous phosphorus should be avoided except in the presence of severe hypophosphatemia (serum phosphorus level <1.5 mg
per deciliter [0.48 mmol per liter]) and when oral phosphorus cannot be administered. If intravenous phosphorus is used, it should be used
with extreme caution and with careful observation of the levels of serum phosphorus and creatinine. 20,21 To convert values for phosphorus to
millimoles per liter, multiply by 0.3229.
‡ Pamidronate and zoledronate are approved by the Food and Drug Administration. Ibandronate and clodronate are available in continental Europe, the United Kingdom, and elsewhere. Bisphosphonates should be used with caution if at all when the serum creatinine level exceeds 2.5
to 3.0 mg per deciliter (221.0 to 265.2 µmol per liter).
§ Pamidronate is generally used at a dose of 90 mg, but the 60-mg dose may be used to treat patients of small stature or those with renal impairment or mild hypercalcemia.
¶ These drugs have a slow onset of action, as compared with the bisphosphonates; approximately 4 to 10 days are required for a response.
¿ These effects have been reported in association with higher-dose regimens used to treat testicular cancer (50 µg per kilogram of body weight
per day over a period of five days) and in patients receiving multiple doses of 25 µg per kilogram; they are not expected to occur with a single
dose of 25 µg per kilogram unless preexisting liver, kidney, or hematologic disease is present.

uretics block calcium reabsorption in the loop of
Henle and make possible increased administration
of saline, which induces further calcium excretion).
Loop diuretics should not be administered until after full hydration has been achieved, because these
agents can cause or worsen dehydration, leading to
a decline in the glomerular filtration rate and the filtered load of calcium. In contrast to loop diuretics,
376
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thiazide diuretics should not be administered, since
they stimulate, rather than inhibit, renal calcium
reabsorption.
medications

Intravenous bisphosphonates are by far the best
studied, safest, and most effective agents for use in
patients with hypercalcemia associated with cancer.
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These drugs work by blocking osteoclastic bone resorption.22-33 Because they are poorly absorbed
when given orally (approximately 1 to 2 percent of
an oral dose is absorbed), only intravenously administered bisphosphonates are used for this indication. In the United States, the two drugs that are
approved by the Food and Drug Administration
(FDA) and are currently considered the agents of
choice in the treatment of mild-to-severe hypercalcemia associated with cancer are pamidronate22,24,25
and zoledronate.22,23,26,27 In continental Europe,
the United Kingdom, and other countries, ibandronate22,28,29 and clodronate22,30-32 are also widely
used. Etidronate, which was the first to be used for
this indication,22 has been replaced by these more
potent bisphosphonates. A number of randomized
clinical trials comparing bisphosphonates to saline and diuretics alone, to other bisphosphonates,
and to other antiresorptive agents such as calcitonin have confirmed the superiority of bisphosphonates.22,27,28,33
Bisphosphonate therapy should be initiated as
soon as hypercalcemia is discovered, because a response requires two to four days, and the nadir in
serum calcium generally occurs within four to seven
days after therapy is initiated.22-33 Approximately
60 to 90 percent of patients have normal serum calcium levels within four to seven days, and responses last for one to three weeks.22-33 As compared
with pamidronate, zoledronate has the advantage
of rapid and simpler administration (15 minutes
vs. 2 hours for infusion), whereas pamidronate is
less expensive. Although a direct comparison of the
two drugs in a randomized clinical trial showed a
statistically significant increase in the efficacy of
zoledronate,27 the difference in control of calcemia
was small (mean nadir serum calcium level, 9.8 mg
per deciliter [2.4 mmol per liter] with zoledronate
and 10.5 mg per deciliter [2.6 mmol per liter] with
pamidronate; the proportion of patients in whom a
corrected serum calcium level of 10.8 mg per deciliter [2.7 mmol per liter] was achieved by day 10 was
88 percent and 70 percent, respectively). Thus, the
differences are of arguable clinical importance, and
the choice is largely one between convenience and
cost. Either pamidronate or zoledronate is acceptable therapy.
In animal models, bisphosphonates have been
associated with azotemia22,23 and thus, their use in
patients with renal failure is a potential concern.
However, because hypercalcemia is a frequent cause
of renal dysfunction in patients with hypercalcemia
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associated with cancer, effective treatment of the
hypercalcemia associated with cancer often improves renal function.25,34 The manufacturer and
the American Society of Clinical Oncology35 do not
recommend the use of a reduced dose of pamidronate or zoledronate for patients with serum creatinine values of less than 3.0 mg per deciliter (265.2
µmol per liter), but they do advise that the recommended duration of the infusion not be shortened.
Pamidronate and zoledronate have been reported
to cause or exacerbate renal failure, but this effect
has generally occurred in patients receiving multiple doses.36 In patients whose condition fails to respond to a low initial dose of bisphosphonates, the
use of a second, larger dose (an approach that has
not been approved by the FDA) or a second-line
agent may be considered.
other pharmacologic agents

Several agents commonly used before the advent of
bisphosphonates are now used infrequently, usually
when bisphosphonates are ineffective or contraindicated (Table 2). Glucocorticoids37,38 may still have
a role in the treatment of some patients, such as
those with lymphomas resulting in elevated levels
of 1,25(OH)2 vitamin D. Calcitonin may result in a
more rapid reduction in serum calcium levels than
do other agents (the maximal response occurs within 12 to 24 hours), but its value is questionable because the reductions are small (approximately 1.0
mg per deciliter [0.25 mmol per liter]) and transient.37,39 Mithramycin, which was the mainstay of
therapy for hypercalcemia associated with cancer
before the bisphosphonates became available,40 remains effective, but its use is limited by potential
adverse effects (Table 2). Gallium nitrate is also approved for treatment,41 but the need for continuous
intravenous administration over a period of five days
limits its use.
dialysis

In patients who have cancers that are likely to respond to therapy but in whom acute or chronic renal failure is present, aggressive saline infusion is
not possible, and other therapies such as bisphosphonates should be used with caution, if at all. In
these circumstances, dialysis against a dialysate
containing little or no calcium is a reasonable and
highly effective option for selected patients.42,43
There are no specific guidelines with regard to how
low the glomerular filtration rate must be for dialysis to be a rational choice in treating hypercalcemia,
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but in general, when the rate falls below 10 to 20 ml
per minute, or when the presence of congestive
heart failure contraindicates an adequate administration of saline, or both, dialysis should be considered.

areas of uncertainty
The receptor activator of nuclear factor-kB ligand
(RANKL) system is the molecular pathway that
leads to osteoclast recruitment and differentiation
and bone resorption in hypercalcemia associated
with cancer. Agents that interfere with the system,
such as recombinant osteoprotegerin (a decoy receptor for RANKL) or monoclonal antibodies directed against RANKL, have been proposed as
novel treatments for hypercalcemia associated with
malignant disease, as have monoclonal antibodies, which neutralize PTHrP. Preliminary data from
studies in animals or small studies involving women with osteoporosis indicate reductions in bone
resorption with these approaches.44-46 Whether
these agents will prove to be safe and effective in
humans with hypercalcemia associated with cancer, whether they can be produced commercially
at a cost competitive with that of bisphosphonates,
and whether they can reverse hypercalcemia more
effectively than the potent bisphosphonates remain
unknown.

guidelines
No guidelines are available from the major professional societies for the treatment of hypercalcemia
associated with cancer.

recommendations
The patient described in the vignette, who has breast
cancer and a large, obvious tumor burden, is typical
of patients with hypercalcemia associated with can-

of

medicine

cer in general and with HHM in particular. As in all
cases of hypercalcemia in patients with cancer, other causes of the hypercalcemia need to be carefully
considered. Coexisting primary hyperparathyroidism should routinely be ruled out by measurement
of the level of immunoreactive parathyroid hormone. In the patient described, HHM is the most
likely cause of the hypercalcemia; thus, immunoreactive parathyroid hormone would be suppressed
and circulating PTHrP would be elevated (however,
I do not routinely measure PTHrP unless the diagnosis is uncertain).
When a patient presents with hypercalcemia associated with cancer, the physician should first consider whether treatment is appropriate according
to an assessment of the overall prognosis. The cornerstones of successful antihypercalcemic therapy
are vigorous rehydration (with the use of normal
saline at 200 to 500 ml per hour, depending on the
patient’s cardiovascular status and renal function);
aggressive calciuresis with the use of loop diuretics,
after normovolemia has been restored; and inhibition of bone resorption with the use of intravenous
bisphosphonates (in the United States, the administration of either pamidronate [an infusion of 60
to 90 mg over a 2-hour period] or zoledronate [4 mg
over a 15-minute period]). Pamidronate is at present
less expensive, whereas zoledronate is more convenient to use and results in slightly greater mean
reductions in the serum calcium level, although the
differences are small. The expectation with the use
of either regimen is that the serum calcium level will
begin to fall within 12 hours after the therapy is initiated and will reach the nadir within approximately
four to seven days. The serum calcium level generally will remain in the normal or near-normal range
for one to three weeks, allowing time to institute
other treatments for the malignant disease responsible for the hypercalcemia.
Supported by a grant (DK 51081) from the National Institutes of
Health.
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In this Journal feature, information about a real patient is presented in stages (boldface type)
to an expert clinician, who responds to the information, sharing his or her reasoning with
the reader (regular type). The authors’ commentary follows.
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A 41-year-old woman was brought by her husband to the emergency department with
a history of 72 hours of epigastric pain, nausea, repeated vomiting, and altered mental
status. Her blood calcium was found to be 18.9 mg per deciliter (4.7 mmol per liter).
Hypercalcemia of this degree is a medical emergency. The patient with severe hypercalcemia is invariably dehydrated, and the first line of treatment should be vigorous hydration with intravenous normal saline with close observation of blood
electrolytes and renal function. Additional treatment measures would depend on
the cause of the hypercalcemia, the history, and the result of the workup.
The patient’s husband reported that 4 days earlier they had returned from a vacation
in Central America, where the patient had consumed “a lot of alcohol.” He noted
that she was in her usual state of health until 3 days earlier, when she started having
severe abdominal pain, followed by multiple episodes of vomiting. The patient had
a history of peptic ulcer disease years before and still noted some occasional episodes of abdominal pain, which she had been treating with chewable antacid tablets
containing calcium carbonate (Tums, GlaxoSmithKline). She also had a long history
of chronic low back pain, which she treated with over-the-counter analgesics. A few
months earlier, she had been told by her primary care physician that she had a mildly
elevated blood calcium level of 10.9 mg per deciliter (2.7 mmol per liter).
Her physician was contacted and reported that her intact parathyroid hormone
(PTH) blood level at her last examination was 33.9 pg per milliliter (normal range, 7 to
53). No further diagnostic studies were done. Medications at home included Tums
as needed for abdominal pain and a multivitamin. Habitually, she had been drinking 2 to 3 shots of vodka and some wine daily. Her family history was negative for
parathyroid disease, nephrolithiasis, and cancer.
The history of a measurable PTH level in the face of elevated blood calcium suggests
that the patient may have primary hyperparathyroidism, the most common cause
of hypercalcemia. The level of hypercalcemia in this case, however, would be extremely rare with primary hyperparathyroidism; if it occurred, such a “parathyroid
crisis” might require emergency parathyroidectomy. Given her history of low back
pain, imaging studies should be obtained to evaluate the patient for lytic lesions
from a malignant process. She should also be evaluated for other causes of hypercalcemia, including hyperthyroidism, vitamin D overdose, neoplasia, and granulomatous diseases.
The patient’s reported alcohol use suggests the possibility that alcohol withdrawal may be contributing to her altered mental status, although the extreme
hypercalcemia alone could account for her presentation. Close monitoring for with-
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drawal signs and symptoms is mandatory. Amy- withdrawal. However, it is unclear when the palase and lipase should also be checked, given the tient had her last drink, so prophylaxis for withpossibility of alcohol-induced pancreatitis.
drawal may be warranted. Hypochloremia and
alkalemia are probably due to persistent vomitOn physical examination, the blood pressure was ing. The intravenous administration of normal
160/90 mm Hg, the heart rate 100 beats per min- saline at a rate of 200 ml per hour may reduce the
ute, and the temperature 37.4°C. The patient was level of blood calcium and provide sufficient
disoriented and intermittently writhing in pain. chloride ion to allow for the correction of the
Her skin turgor was poor, and her oral mucosa hypochloremia and the alkalosis.
was dry. The cardiac examination was significant
only for tachycardia, and the pulmonary examina- The intact PTH level was undetectable. The lipase
tion was normal. There was epigastric tenderness level was 1848 U per liter (normal range, 7 to 60),
on palpation but no rebound tenderness. The pa- and the amylase level was 1354 U per liter (nortient was responsive to simple commands and was mal range, 40 to 128) (Table 1). The patient was
not tremulous. There were no other significant treated with intravenous saline at a rate of 200 ml
neurologic findings.
per hour, and prophylaxis for alcohol withdrawal
The blood urea nitrogen was 13 mg per deciliter with intravenous lorazepam was started. Intra(4.6 mmol per liter); creatinine, 1.1 mg per deciliter venous morphine was given intermittently to alle(97 µmol per liter); sodium, 137 mmol per liter; viate abdominal pain.
potassium, 3.2 mmol per liter; chloride, 81 mmol
per liter; bicarbonate, 37.2 mmol per liter; glucose, Before hyperparathyroidism can be ruled out, it is
96 mg per deciliter (5.3 mmol per liter); phospho- important to consider whether the “hook effect”
rus, 2.0 mg per deciliter (0.65 mmol per liter); and may explain the undetectable PTH level. To idenmagnesium, 1.2 mg per deciliter (0.49 mmol per tify an antigen, an immunoassay must contain an
liter). Blood tests for intact PTH, PTH-related pro- excess of the antibodies relative to the antigen.
tein, and 25-hydroxyvitamin D were performed.
The hook effect refers to a situation in which the
level of the circulating antigen is very high and
The physical findings are consistent with the pres- thus the antibodies are fully bound, resulting in
ence of a hypovolemic state. Other than the tachy- a severe underestimation of the hormone level.
cardia, there are no other stigmata of alcohol To overcome this problem, the assay must be carTable 1. Clinically Significant Laboratory Values.*
Variable
Sodium (mmol/liter)
Potassium (mmol/liter)

Hospital Day 1

Hospital Day 2

137

144

3.2

Chloride (mmol/liter)

81

Bicarbonate (mmol/liter)

37.2

Urea nitrogen (mg/dl)

13

Creatinine (mg/dl)
Calcium (mg/dl)
Magnesium (mg/dl)
Phosphorus (mg/dl)

Hospital Day 5
138

3.1

3.8

110

107

26.7

18.9

9

12

Hospital Day 9
140
4.7
113
20.3
8

1.1

0.7

0.7

0.6

18.9

11.8

8.5

8.9

1.2

1.7

2.0

1.9

2.0

2.5

2.6

2.8

Amylase (U/liter)

1354

1207

580

259

Lipase (U/liter)

1848

1704

517

281

Hematocrit (%)

41.5

33.1

31.4

30.9

* To convert the values for urea nitrogen to millimoles per liter, multiply by 0.357. To convert the values for creatinine to
micromoles per liter, multiply by 88.4. To convert the values for calcium to millimoles per liter, multiply by 0.250. To convert the values for magnesium to millimoles per liter, multiply by 0.4114. To convert the values for phosphorus to millimoles per liter, multiply by 0.3229.

n engl j med 358;18

www.nejm.org

may 1, 2008

The New England Journal of Medicine
Downloaded from nejm.org by JOHN VOGEL on January 9, 2013. For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

1953

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

ried out in multiple dilutions. Hypomagnesemia
may impair the release of PTH and mask the
presence of hyperparathyroidism. The elevation
of amylase and lipase confirms the suspicion of
acute pancreatitis.

100 ng [50 to 250 nmol]). The level of PTH-related
protein was normal. The serum calcium level remained normal after the intravenous fluids were
discontinued. The patient’s mental status further
improved, and there was a gradual improvement
in the clinical and laboratory markers of pancreThe patient was treated with 2 g of intravenous atitis.
magnesium gluconate. A repeat serum magnesium level was 1.7 mg per deciliter (0.70 mmol The normal 25-hydroxyvitamin D level rules out
per liter). Intact PTH was again undetectable on vitamin D toxicity. The episode of acute pancreatirepeated assays with dilutions. Computed tomog- tis could have been secondary to hypercalcemia
raphy (CT) of the neck revealed no parathyroid or to alcohol excess.
masses. CT of the chest was normal. Abdominal
CT showed an edematous pancreas with surround- In response to further questioning, the patient
ing infiltration of the mesenteric fat, a finding reported that during the days before admission
consistent with acute pancreatitis. No bone lesions she had consumed the contents of entire containwere noted on the chest or abdominal CT scans. ers of Tums and a preparation containing sodium
The patient’s blood calcium level fell to 11.8 bicarbonate (Alka-Seltzer, Bayer) because of the
mg per deciliter (3.0 mmol per liter) by day 2 and severe abdominal pain. She did not consume any
to 8.5 mg per deciliter (2.1 mmol per liter) by day other medications or supplements.
3 with intravenous hydration alone, and the serum
creatinine level fell to 0.7 mg per deciliter (62 mmol Tums contains calcium carbonate, and Alkaper liter). Her mental status slowly improved.
Seltzer contains sodium bicarbonate. Hypercalcemia is an inevitable result of the intake of alkali
The initial information that was obtained from and calcium in the context of dehydration and
the patient’s primary physician, which indicated metabolic alkalosis. This history, together with
a mildly elevated calcium level and an inappropri- the laboratory-test results, establishes the “milk
ately “normal” PTH level, suggested mild primary alkali syndrome” as the primary diagnosis.
hyperparathyroidism, but the currently suppressed
intact PTH level appears inconsistent with this
C om men ta r y
diagnosis. Insofar as primary hyperparathyroidism is associated with resetting of the calcium Effective treatment for peptic ulcer disease was
receptor to a higher set point, it is possible that first introduced by Bertram Sippy1 in 1915. The
the patient does have underlying primary hyper- “Sippy regimen” included hourly ingestion of milk
parathyroidism but that a second disorder has and cream (and the gradual addition of eggs and
independently raised the calcium level and thus cooked cereal) for 10 days, combined with the insuppressed the PTH secretion.
gestion of alkaline powders. Although noncuraThe rapid decline in the serum calcium level tive, this regimen provided some symptomatic
with intravenous hydration indicates that there relief.2 However, later reports showed serious
is no need to consider urgent parathyroid surgery. toxicity associated with this regimen, including
The normalization of the very high calcium level renal failure, alkalosis, and hypercalcemia, with
with hydration also makes a number of other normalization of all measures once the treatment
causes of hypercalcemia (such as solid tumors, was withdrawn.3 Over the next several decades,
hematopoietic tumors, granulomatous disease, the milk alkali syndrome was frequently described,
and cancer metastatic to bone) less likely. Once mostly in men with peptic ulcer disease who
the patient’s mental status improves further, a were receiving treatment with large amounts of
careful history of her diet and supplements calcium from milk and absorbable alkali.4 It
should be obtained and evaluated for possible proved fatal in some patients who had protracted
vitamin D and calcium overdose.
vomiting due to secondary pyloric obstruction and
who presented with hypovolemia, renal failure,
The serum 25-hydroxyvitamin D level was 48 ng alkalosis, and hypercalcemia. With the advent in
per deciliter (120 nmol per liter; normal range, 20 to recent years of better treatment options for peptic
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ulcer disease, the prevalence of the milk alkali
syndrome has greatly declined.5
During the past 15 years, the milk alkali syndrome has been reported in patients without a
history of peptic ulcer disease, most commonly
in women taking calcium supplements at doses
above the recommended range of 1200 to 1500 mg
of elemental calcium daily for the prevention and
treatment of osteoporosis.5 Furthermore, calcium
has been added to many over-the-counter products and supplements, such as fast-acting antacids, vitamin preparations, juices, and even
acetaminophen, which has provided multiple opportunities for inadvertent excessive intake of
calcium by consumers.
The pathogenesis of the milk alkali syndrome
involves a reduction in the ability of the kidney
to excrete excess calcium. This reduction is secondary to a decrease in the glomerular filtration
rate (due to renal vasoconstriction and hypovolemia) and to a significant increase in tubular reabsorption of calcium (secondary to metabolic
alkalosis).6 The plasma PTH level decreases with
the rise in the serum calcium level. Thus, the
constellation of excess oral intake of calcium
and milk, plus impaired renal function, may result in PTH suppression, hypercalcemia, and hyperphosphatemia. In cases of chronic ingestion
of excessive alkaline calcium preparations and
milk, metastatic calcifications and occasionally
nephrocalcinosis may occur,7 whereas such complications are not expected with acute milk alkali
syndrome, as in the present case.
The most important clue to the diagnosis of
the milk alkali syndrome is a history of excessive calcium and alkali intake. Many patients do
not consider over-the-counter preparations as
medications and therefore do not report taking
calcium supplements. Conversely, physicians may
fail to identify certain over-the-counter preparations or supplements as a significant source of
calcium. Hence, a detailed history attending to
diet and supplement intake is critical.
Hypercalcemia, metabolic alkalosis, and im-

paired renal function are classic laboratory findings in patients with the milk alkali syndrome.8
Hyperphosphatemia, hypophosphaturia, and hypercalciuria may also be present, depending on
the cause of the milk alkali syndrome. (For example, hyperphosphatemia is common in patients
who have ingested excessive amounts of milk
and calcium carbonate, whereas hyperphosphatemia does not generally develop in patients with
an excessive intake of calcium carbonate alone.)
The documentation of low levels of intact PTH
in patients with hypercalcemia is helpful in the
diagnosis of the milk alkali syndrome,9 since
this finding indicates that primary hyperparathyroidism cannot explain the hypercalcemia.
When parathyroid function is normal, the plasma
PTH level varies inversely with the plasma calcium level. Once excess calcium intake is stopped
and the serum calcium level normalizes, plasma
PTH may rebound. Reports indicate that the rebound in PTH level occurs rapidly (within hours)
when excess calcium intake is stopped and the
patient is vigorously hydrated and that the intact
PTH level reaches a peak at 7 days.10 Intact PTH
levels may be transiently elevated during this
phase in patients who have an abrupt decrease
(“overcorrection”) in blood calcium levels. Thus,
it is critical that any intact PTH level be correlated with simultaneous blood calcium levels.
In conclusion, the milk alkali syndrome, which
was commonly seen four decades ago in men,
seems to be increasingly prevalent, probably because of the increased use of over-the-counter
calcium preparations and supplements by women.10 A basic tenet of medical care is that a complete history is often the key to diagnosis. This
is clearly true for the present case, in which the
correct diagnosis depended on a history of excess calcium and alkali intake in a dehydrated
and alkalotic patient, supported by the documentation of a normal 25-hydroxyvitamin D level and
a suppressed level of intact PTH.
No potential conflict of interest relevant to this article was
reported.
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