
A 66-year-old Latin American woman pre-
sented to the emergency department 
(ED) with persistent abdominal and back 

pain of about one month’s duration. She had visited 
another ED eight days earlier for similar symptoms 

and was discharged home with a mild opioid pain 
medication and a proton pump inhibitor. However, she 

said that she had received neither a diagnosis nor an ex-
planation for her symptoms. 

Medical history, obtained with the assistance of an inter-
preter because the patient was not fluent in English, included 
hypertension, coronary artery disease, and hyperlipidemia; 
these had gone untreated for at least two years. She denied 
any personal or family history of cancer or endocrine disor-
ders. Surgical history included a cholecystectomy and a per-
cutaneous coronary intervention for an unknown coronary 
artery lesion. 

She had a 14-pack-year history of cigarette smoking. Her 
medications included only ibuprofen and hydrocodone, and 
she had no known drug allergies. The patient denied use of 
herbal preparations or vitamin supplements and unusual di-
etary practices. 

Review of systems revealed occasional dizziness, consti-
pation, decreased appetite, and some mild confusion noted 
by family members, but no fever, chills, palpitations, chest 
pain, shortness of breath, muscle spasm, or weakness. Vital 
signs were normal. Physical examination was remarkable 
for tenderness of the upper quadrants of the abdomen with 
deep palpation, without guarding or rebound. Bony tender-
ness at the right anterior costal margin of the rib cage was 
also noted.

Laboratory work-up revealed marked hypercalcemia 
(15.4 mg/dL), electrolyte abnormalities, anemia, impaired 
renal function, and elevated alkaline phosphatase and glob-
ulin levels (see Table 1). In addition, a plain abdominal x-ray 
series was negative for acute findings, but x-rays of the right 
ribs revealed a fracture of the sixth rib and osteopenia. 

The patient was admitted to the hospital for treatment of 
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hypercalcemia and hypokalemia and for work-up of 
elevated alkaline phosphatase and abdominal pain. 
Upon admission, serum ionized calcium measure-
ment confirmed true hypercalcemia. Additional di-
agnostic tests were then ordered to help differentiate 
between parathyroid hormone (PTH)–mediated and 
non-PTH–mediated causes for the hypercalcemia 
(see Table 2).

The patient’s PTH level was normal and the urine 
fractional excretion of calcium level was high, ruling 
out familial hypocalciuric hypercalcemia (FHH), in 
which urine calcium level is low. A measurement of 
PTH-related protein (PTHrP), secreted by some can-
cers, was normal, suggesting exclusion of solid tumor 
malignancy. Vitamin D toxicity was ruled out because 
the patient’s 1,25-dihydroxyvitamin D level was low. 

The patient continued to experience vague ab-
dominal, back, and rib pain that seemed to migrate 
daily and worsened with movement. A skeletal x-ray 
was performed and revealed numerous lytic lesions 
of the skull (Figure 1, next page), midright humerus 
(Figure 2, next page), and distal left radius. 

DISCUSSION
Hypercalcemia is a relatively common presentation 
in primary care. The most frequent causes are pri-
mary hyperparathyroidism and malignancy.1 One 
in 500 patients will be diagnosed incidentally with 
asymptomatic hypercalcemia caused by underlying 
hyperparathyroidism.1

Clinical manifestations of hypercalcemia can 
range from no symptoms to multisystem disease. 
Fatigue, nausea, vomiting, constipation, bone pain, 
osteoporosis, nephrolithiasis, mental status changes, 
hypertension, anemia, elevated creatinine, and car-
diac arrhythmias are among the more common clini-
cal conditions associated with hypercalcemia (hence 
the mnemonic “stones, bones, abdominal moans, and 
psychic groans” for its signs and symptoms).1

Diagnostic overview 
Causes of hypercalcemia are numerous and can be 
broken down into two categories: PTH-mediated and 
non-PTH–mediated. PTH-mediated causes include 
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TABLE 1
Results of Case Patient’s Initial 
Laboratory Work-up 

Laboratory  
study

 
Value (normal range)

Sodium 133 (135-145) mEq/L

Potassium 2.9 (3.4-4.5) mEq/L

Chloride 90 (98-109) mEq/L

CO2 31 (22-31) mEq/L

BUN 20 (6-23) mg/dL

Creatinine 1.82 (0.51-0.95) mg/dL

Calcium 15.4 (8.8-10.2) mg/dL

Alkaline 
phosphatase

189 (35-104) U/L

GFR Non–African-
American

28 (> 60) mL/min/1.73 m2

Globulin 3.7 (1.5-3.3) g/dL

Albumin 4.13 (3.9-5.1) g/dL

RBC 3.59 (3.7-5.1) x 106/μL

Hemoglobin 11.2 (12.0-15.0) g/dL

Hematocrit 32.5% (34%-44%)

Platelets 224 (150-450) x 103/μL

Abbreviations: BUN, blood urea nitrogen; CO2, carbon dioxide;  
GFR, glomerular filtration rate; RBC, red blood cells.

TABLE 2
Additional Test Results  
for Case Patient

Laboratory study Value (normal range)

Ionized calcium 6.9 (4.5-5.3) mg/dL

Intact PTH 16 (15.0-65.0) pg/mL

PTHrP < 0.2 (< 2.0) pmol/L

Vitamin D 
(1,25-dihydroxyvitamin D)

18 (25-80) pg/mL

Urine fractional excretion 
of calcium

3.62% (none)

Urine calcium 673 (100-321) mg/24 h

Hs-CRP 16.5 (< 1.0) mg/L

Abbreviations: hs-CRP, high-sensitivity C-reactive protein; PTH, parathy-
roid hormone; PTHrP, PTH-related protein.
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primary and secondary hyperparathyroid-
ism and FHH. Non-PTH–mediated causes 
include vitamin D toxicity, solid tumor ma-
lignancy with or without metastasis, mul-
tiple myeloma (MM) and other plasma cell 
dyscrasias, granulomatous disease such as 
sarcoid, and some medications.1 

The differential diagnosis for hypercal-
cemia begins with measurement of the 
patient’s intact PTH level. An elevated or 
high-normal result indicates a PTH-mediated cause, 
so 24-hour measurement of excretion of urinary 
calcium is the next step. A low or low-normal PTH 
level (< 20 pg/mL), however, suggests the cause is 
non-PTH-mediated.2 The diagnostic approach in 
this situation is more challenging because testing to 
exclude or confirm various potential causes can be 
expensive and time-consuming. The degree of hy-
percalcemia, however, can aid in the diagnosis: Pri-
mary hyperparathyroidism is often associated with 
borderline or mild hypercalcemia, while calcium 
values > 13 mg/dL are more common in patients 
with malignancies.2

PTH elevates calcium levels in the blood when 
ionized (free) calcium levels are low by increasing 
gastrointestinal absorption, decreasing urinary ex-
cretion, and increasing bone resorption.3 With ma-
lignant tumors such as lung, breast, and renal cell, 
osteolytic metastases can destroy the bone, result-
ing in release of calcium. In other cases, solid-tumor 
cancers produce PTHrP, which increases serum 
calcium. This latter situation is referred to as hu-
moral hypercalcemia of malignancy.3 Lymphoma 

and granulomatous disease, 
such as sarcoid, can be asso-
ciated with excess production 
of 1,25-dihydroxyvitamin D.2 
If vitamin D is elevated but 
PTH and PTHrP are normal, 
a chest x-ray should be ob-
tained to evaluate the patient 
for sarcoid or lymphoma.

Hypercalcemia work-up
The work-up for suspected 
hypercalcemia begins with 
measurement of the patient’s 
calcium level. Because cal-
cium is bound to albumin 
in the blood, the standard 
serum calcium test may not 
reflect the true calcium level. 
(If albumin is high, the cal-
cium level will be high, and 
vice versa.)1 The true (serum 
ionized) calcium level (also 
known as corrected calcium 
level) should always be cal-
culated to confirm true hy-
percalcemia. A formula com-
monly used to calculate the 

corrected calcium level is
�Corrected calcium (mg/dL) = (measured 
calcium [mg/dL]) + 0.8 (4.0 – serum albumin 
[mg/dL])

Direct measurement of the serum ionized calcium 
level is not affected by the albumin level and can also 
confirm true hypercalcemia.4

Once hypercalcemia is confirmed, the next step is 
to measure the patient’s intact PTH level. 

If intact PTH is elevated or high normal, con-
sider primary hyperparathyroidism or FHH and con-
firm by obtaining the urine calcium level.

• �If urine calcium level is high (> 200 mg/24 h), the 
diagnosis is primary hyperparathyroidism. 

• �If urine calcium level is low (< 100 mg/24 h), the 
diagnosis is FHH.

If intact PTH is low, consider non–PTH-mediat-
ed causes and confirm by obtaining PTHrP and vita-
min D levels.

• �If PTHrP level is elevated, scan for malignancy.
• �If 1,25-dihydroxyvitamin D level is elevated, 

order a chest x-ray to rule out sarcoid or lym-
phoma.

 FIGURE 1

Plain skull x-ray shows multiple lytic 
lesions (areas of bone loss) throughout 
the skull.

 FIGURE 2

This x-ray of the patient’s 
right humerus reveals two 
lytic lesions (arrows).
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• �If both PTHrP and vitamin D levels are normal, 
order both serum protein electrophoresis (SPEP) 
and urine protein electrophoresis (UPEP) with 
immunofixation to rule out MM.

• �If vitamin D level is elevated, check vitamin and 
herbal supplement use for excessive vitamin D 
intake.

Treatment of symptomatic hypercalcemia
The goals of treatment of symptomatic hypercalce-
mia are to reduce the serum calcium level to the nor-
mal range and to treat the underlying cause.1 Mild 
hypercalcemia (calcium level, 10-12 mg/dL) is typi-
cally asymptomatic and does not need to be treated. 
Moderate hypercalcemia (calcium level, 12-14 mg/
dL) may not require treatment unless the patient is 
symptomatic and/or has had an acute rise in cal-
cium level.1 In mild to moderate hypercalcemia, the 
serum calcium level should be monitored to estab-
lish a trend.

Treatment for symptomatic moderate and severe 
hypercalcemia (calcium level, > 14 mg/dL) typically 
involves a similar regimen: 

• �Volume expansion with isotonic saline at an ini-
tial rate of 2 to 4 L/d, which is then adjusted to 
achieve 200 mL/h of continuous urine output. 
IV furosemide can be used with caution (10-20 
mg IV as needed) to promote diuresis if volume 
overload is a concern (furosemide promotes re-
nal excretion of calcium).

• �Administration of subcutaneous calcitonin (4-8 
IU/kg, repeated every 6 h for 24 h). Calcitonin 
works rapidly to lower calcium levels in 4 to 6 h.

• �Concurrent administration of IV bisphospho-
nate (zoledronic acid [4 mg over 15 min] or 
pamidronate [60-90 mg over 4 h]). Pamidronate 
is superior for reversal of malignancy-related 
hypercalcemia.1

Hypercalcemia and multiple myeloma
MM is a malignant neoplasm of plasma cells that 
accounts for approximately 1% of all cancers and 
about 10% of hematologic malignancies in the Unit-
ed States, with a median patient age of 70 at diagno-
sis.5-7 In MM, myeloma cells induce the secretion of 
cytokines and growth factors that alter plasma cells, 
activate osteoclasts, suppress osteoblasts, cause ab-
normal interactions between plasma cells and bone 
marrow, and stimulate aberrant angiogenesis.8 Os-
teoclastic bone resorption produces hypercalcemia 
as well as the lytic lesions seen on x-ray.7 

Approximately 74% of patients present with typi-
cal MM symptoms of calcium elevation in the blood, 
renal insufficiency, anemia, and bone lesions, 
known as CRAB symptoms (see “CRAB Mnemonic 
for Multiple Myeloma Symptoms,” above), but other 
myeloma-related manifestations may be present.9 

Diagnostic criteria for MM include the following 
(all three must be present):10 

• �Monoclonal bone marrow plasma cells ≥ 10% 
and/or a biopsy-proven plasmacytoma

• �Monoclonal protein in the serum and/or urine 
(if none is detected, disease is nonsecretory and 
diagnosis requires ≥ 30% bone marrow plasma 
cells and/or biopsy-proven plasmacytoma)

• �Myeloma-related organ dysfunction, indicated 
by at least one of the CRAB symptoms.

In the absence of CRAB symptoms, an asymptom-
atic patient may have an MM precursor syndrome: 
monoclonal gammopathy of undetermined signifi-
cance or smoldering (or indolent) MM.10 

Treatment of multiple myeloma
In recent years, the use of induction therapy fol-
lowed by autologous stem cell transplantation and 
the development of novel therapeutic agents have 
extended overall survival for patients with MM. 
These agents include proteasome inhibitors (bor
tezomib and the second-generation carfilzomib)11 
and immunomodulators (thalidomide and the sec-
ond-generation lenalidomide). Early diagnosis and 
treatment can improve progression-free survival as 
well as overall survival, including recovery of renal 
function for patients with renal failure.12 With sur-
vival ranging from one year or less—with aggres-
sive disease—to 10 years or more for patients with 
responsive disease,7 there remains no cure for MM. 

�CRAB Mnemonic  
for Multiple Myeloma Symptoms

Calcium elevation in the blood (serum calcium 
>10.5 mg/L or upper limit of normal)

Renal insufficiency (serum creatinine > 2 mg/dL)

Anemia (hemoglobin <10 g/dL or 2 g < normal)

Bone lesions or osteoporosis (but if a single 
biopsy-proven plasmacytoma or osteoporosis 
without fractures is the only CRAB feature 
present, diagnosis requires > 30% bone 
marrow plasma cells)

 continued on page 40 >>
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OUTCOME FOR THE CASE PATIENT
Further work-up included SPEP and UPEP with im-
munofixation, which revealed marked IgG free λ 
light chains with an M (monoclonal) component, 
making MM a very likely diagnosis. Confirmation by 
means of bone marrow biopsy was indicated, but the 
patient refused the procedure. 

The patient’s hypercalcemia was treated by IV ad-
ministration of calcitonin with isotonic saline. This 
reduced the serum calcium level from 15.4 mg/dL to 
10.6 mg/dL within 48 hours. One dose of ergocalcif-
erol (vitamin D2) was then administered to promote 
intestinal absorption of calcium and support bone 
mineralization, further lowering the patient’s serum 
calcium level to a normal 8.9 mg/dL. Hypokalemia 
was treated with oral potassium supplementation.

The patient, now stable, was referred to the hema-
tology/oncology and bone mineral metabolism clin-
ics and was discharged from the hospital. She did not 
keep those appointments and was lost to follow-up.

CONCLUSION
The most common causes of hypercalcemia are hy-
perparathyroidism and malignancy. Most cases do 
not require treatment unless the calcium level is  
> 14 mg/dL and/or the patient is symptomatic. Red 
flag symptoms include weakness, abdominal pain, 

mental status changes, and coma.4 Primary care cli-
nicians should suspect MM in older patients with 
laboratory findings of hypercalcemia, anemia, and 
renal dysfunction, with lytic lesions on x-ray.           CR
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