
EDUCATIONAL OBJECTIVE: Readers will treat hypercalcemia promptly and determine the cause

Confusion and hypercalcemia
in an 80-year-old man
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A retired 80-year-old man presented to 
the emergency department after 10 days 

of increasing polydipsia, polyuria, dry mouth, 
confusion, and slurred speech. He also report-
ed that he had gradually and unintentionally 
lost 20 pounds and had loss of appetite, consti-
pation, and chronic itching. He denied fevers, 
chills, night sweats, nausea, vomiting, and ab-
dominal pain.
 Medical history. He had type 2 diabetes 
mellitus that was well controlled by oral hypo-
glycemics, hypothyroidism treated with levo-
thyroxine in stable doses, and chronic hepa-
titis C complicated by liver cirrhosis without 
focal hepatic lesions. He also had hyperten-
sion, well controlled with hydrochlorothiazide 
and losartan. For his long-standing pruritus he 
had tried prescription drugs including gaba-
pentin and pregabalin without improvement. 
He had also seen a naturopathic  practitioner, 
who had prescribed supplements that relieved 
the symptoms.
 Examination. The patient was in no acute 
distress. He appeared thin, with a weight of 
140 lb and a body mass index of 21 kg/m2. His 
temperature was 36.8°C (98.2°F), blood pres-
sure 198/82 mm Hg, heart rate 72 beats per 
minute, respiratory rate 16 breaths per min-
ute, and oxygen saturation 97%. His skin was 
without jaundice or rashes. The mucous mem-
branes in the oropharynx were dry. 
 Neurologic examination revealed mild 
confusion, dysarthria, and ataxic gait. Sensa-
tion to light touch, pinprick, and vibration 
was intact. Generalized weakness was noted. 
Cranial nerves II through XII were intact. 
Deep tendon refl exes were symmetrically 
globally suppressed. Asterixis was absent. The 

remainder of the physical examination was 
unremarkable.
 Laboratory values in the emergency 
department. We initially suspected he had 
symptomatic hyperglycemia, but a bedside 
blood glucose value of 113 mg/dL ruled this 
out. Other initial laboratory values:
• Blood urea nitrogen 31 mg/dL (reference 

range 9–24)
• Serum creatinine 1.7 mg/dL (0.73–1.22; 

an earlier value had been 1.0 mg/dL)
• Total serum calcium 14.4 mg/dL (8.6–10.0)
 Complete blood cell counts were unre-
markable. Computed tomography of the head 
was negative for acute pathology.
 In view of the patient’s hypercalcemia, he 
was given aggressive intravenous fl uid resus-
citation (2 L of normal saline over 2 hours) 
and was admitted to the hospital. His labora-
tory values on admission are shown in Table 
1. Fluid resuscitation was continued while the 
laboratory results were pending.

 ■ CAUSES OF HYPERCALCEMIA

1 Based on this information, which is the 
most likely cause of this patient’s hypercal-
cemia?

 □ Primary hyperparathyroidism
 □ Malignancy
 □ Hyperthyroidism
 □ Hypervitaminosis D
 □ Sarcoidosis

Traditionally, the workup for hypercalcemia 
in an outpatient starts with measuring the se-
rum parathyroid hormone (PTH) level. Based 
on the results, a further evaluation of PTH-
mediated vs PTH-independent causes of hy-
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percalcemia would be initiated. 
 Primary hyperparathyroidism and malig-
nancy account for 90% of all cases of hyper-
calcemia. The serum PTH concentration is 
usually high in primary hyperparathyroidism 
but low in malignancy, which helps distin-
guish the conditions from each other.1

Primary hyperparathyroidism
In primary hyperparathyroidism, there is over-
production of PTH, most commonly from a 
parathyroid adenoma, though parathyroid 
hyperplasia or, more rarely, parathyroid carci-
noma can also overproduce the hormone. 
 PTH increases serum calcium levels 
through 3 primary mechanisms: increasing 
bone resorption, increasing intestinal absorp-
tion of calcium, and decreasing renal excre-
tion of calcium. It also induces renal phospho-
rus excretion. 
 Typically, in primary hyperparathyroid-
ism, the increases in serum calcium are small 
(with serum levels of total calcium rising to 
no higher than 11 mg/dL) and often intermit-
tent.2 Our patient had extremely high serum 

calcium, low PTH, and high phosphorus lev-
els—all of which are inconsistent with prima-
ry hyperparathyroidism.

Malignancy
In some solid tumors, the major mechanism 
of hypercalcemia is secretion of PTH-related 
peptide (PTHrP) through promotion of osteo-
clast function and also increased renal absorp-
tion of calcium.3 Hematologic malignancies 
(eg, multiple myeloma) produce osteoclast-
activating factors such as RANK ligand, lym-
photoxin, and interleukin 6. Direct tumor 
invasion of bone can cause osteolysis and sub-
sequent hypercalcemia.4 These mechanisms 
are usually associated with a fall in PTH. 
 Less commonly, tumors can also increase 
levels of 1,25-dihydroxyvitamin D or produce 
PTH independently of the parathyroid gland.5 
There have also been reports of severe hyper-
calcemia from hepatocellular carcinoma due 
to PTHrP production.6 
 Our patient is certainly at risk for malig-
nancy, given his long-standing history of hep-
atitis C and cirrhosis. He also had a mildly el-
evated alpha fetoprotein level and suppressed 
PTH. However, his PTHrP level was normal, 
and ultrasonography done recently to screen 
for hepatocellular carcinoma (recommended 
every 6 months by the American Association 
for the Study of Liver Diseases in high-risk pa-
tients) was negative.7 
 Multiple myeloma screening involves test-
ing with serum protein electrophoresis with 
immunofi xation in combination with either a 
serum free light chain assay or 24-hour urine 
protein electrophoresis with immunofi xation. 
This provides a 97% sensitivity.8 In this pa-
tient, these tests for multiple myeloma were 
negative.

Hyperthyroidism
As many as half of all patients with hyperthy-
roidism have elevated levels of ionized serum 
calcium.9 Increased osteoclastic activity is the 
likely mechanism. Hyperthyroid patients have 
increased levels of serum interleukin 6 and in-
creased sensitivity of bone to this factor. This 
cytokine induces differentiation of monocytic 
cells into osteoclast precursors.10 These pa-
tients also have normal or low PTH levels.9 
 Our patient was receiving levothyroxine 
for hypothyroidism, but there was no evidence 

Primary hyper-
parathyroidism 
and malignancy
together
account for 90% 
of all cases of 
hypercalcemia

TABLE 1

Our patient’s laboratory values on admission

Substance Value Reference range

Ionized calcium, mmol/L 1.72 1.08–1.30

Phosphorus, mg/dL 7.0 2.5–4.5

Parathyroid hormone, pg/mL 11 15–65 

Parathyroid-related hormone, pmol/L  0.3  < 2.0

25-Hydroxyvitamin D, ng/mL 365.5 31–80

1,25-Dihydroxyvitamin D, pg/mL  59.5 15–60

Vitamin A, μg/dL 48 20–120

Thyroid-stimulating hormone, mIU/L  1.380 0.400–5.500

Serum protein electrophoresis and 
24-hour urinary protein electrophoresis 
with immunofi xation

No M 
protein 

Beta-2 microglobulin, mg/mL  6.2   0.3–1.9 

Alpha fetoprotein, ng/mL 20.1 < 11

Angiotensin-converting enzyme, mg/L 32 < 40
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that the dosage was too high, as his thyroid-
stimulating hormone level was within an ac-
ceptable range.

Hypervitaminosis D
Vitamin D precursors arise from the skin and 
from the diet. These precursors are hydrox-
ylated in the liver and then the kidneys to 
biologically active 1,25-dihydroxyvitamin D 
(Figure 1).11 Vitamin D’s primary actions are 
in the intestines to increase absorption of cal-
cium and in bone to induce osteoclast action. 
These actions raise the serum calcium level, 
which in turn lowers the PTH level through 
negative feedback on the parathyroid gland. 
 Most vitamin D supplements consist of the 
inactive precursor cholecalciferol (vitamin 
D3). To assess the degree of supplementation, 
25-hydroxyvitamin D levels, which indicate 
the size of the body’s vitamin D reservoir, are 
measured.11,12 
 Our patient’s 25-hydroxyvitamin D level 
is extremely elevated, well beyond the 250-ng/
mL upper limit that is considered safe.13 His low 
PTH level, lack of other likely causes, and histo-
ry of supplement use point toward the diagnosis 
of hypervitaminosis D.

Sarcoidosis
Up to 10% of patients with sarcoidosis have 
hypercalcemia that is not mediated by PTH. 
Hypercalcemia in sarcoidosis has several po-
tential mechanisms, including increased ac-
tivity of the enzyme 1-alpha hydroxylase with 
a subsequent increase in physiologically active 
1,25-dihydroxyvitamin D3 production.14 
 Our patient had elevated levels of 25-hy-
droxyvitamin D, but his biologically active 
1,25-dihydroxyvitamin D level remained 
within the laboratory’s reference range.

 ■ LESS LIKELY CAUSES 
OF HYPERCALCEMIA

2 Which of the following would be least 
likely to cause hypercalcemia?

 □ Thiazide diuretics
 □ Over-the-counter antacid tablets
 □ Lithium
 □ Vitamin A supplementation
 □ Proton pump inhibitors

Thiazide diuretics
This class of drugs is well known to cause 
hypercalcemia. The most familiar of the 
mechanisms is a reduction in urinary calcium 
excretion. There is also an increase in intes-
tinal absorption of dietary calcium. Evidence 
is increasing that most patients (as many as 
two-thirds) who develop hypercal cemia while 
using a thiazide diuretic have subclinical pri-
mary hyperparathyroidism that is uncovered 
with use of the diuretic. 
 Of importance, the hypercalcemia that thia-
zide diuretics cause is mild. In a series of 72 pa-
tients with thiazide-induced hypercalcemia, the 
average serum calcium level was 10.7 mg/dL.15 
 Our patient was receiving a thiazide diuret-
ic but presented with severe hypercalcemia, 
which is inconsistent with thiazide-induced 
hypercalcemia.

Over-the-counter antacid tablets
Calcium carbonate, a popular over-the-coun-
ter antacid, can cause a milk-alkali syndrome 
that is defi ned by ingestion of excessive cal-
cium and alkalotic substances, leading to 
metabolic alkalosis, hypercalcemia, and renal 
insuffi ciency. To induce this syndrome gener-
ally requires up to 4 g of calcium intake daily, 
but even lower levels (1.0 to 1.5 g) are known 
to cause it.16

The patient had 
been taking 
> 60,000 IU 
of vitamin D 
per day; the 
recommended 
dose is 
≤ 4,000 IU/day

Cholecalciferol 
(vitamin D3) from skin

Ergocalciferol 
(vitamin D2) from diet

                                                               Converted in liver

                             25-hydroxyvitamin D
                                         (calcidiol)

                                                      Converted in kidneys

                          1,25-dihydroxyvitamin D
                                                                           (calcitriol)
                                                                (biologically active)

                    Increased serum calcium through:
                             Increased calcium absorption
                              Decreased calcium excretion
                                Increased bone resorption

             Decreased parathyroid hormone production 
              through negative feedback on the parathyroid gland

FIGURE 1. Vitamin D metabolism.
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Lithium
Lithium is known to cause hypercalcemia. 
Multiple mechanisms have been proposed, 
including direct action on renal tubules and 
the intestines leading to calcium reabsorption 
and stimulation of PTH release. Interestingly, 
parathyroid gland hyperplasia has been noted 
in long-term users of lithium. An often-pro-
posed mechanism is that lithium increases 
the threshold at which the parathyroid glands 
slow their production of PTH, making them 
less sensitive to serum calcium levels.17

Vitamin A supplementation
Multiple case reports have linked hypercal-
cemia to ingestion of large doses of vitamin 
A. The mechanism is thought to be increased 
bone resorption.18.19 
 Although our patient reported supplement 
use, he denied taking vitamin A in any form.

Proton pump inhibitors
Proton pump inhibitors are not known to cause 
hypercalcemia. On the contrary, case reports 
suggest that prolonged use of proton pump in-
hibitors is associated with hypocalcemia and 
hypomagnesemia, although the mechanism is 
still not fully understood. A low magnesium 
level is known to reduce PTH secretion and 
also skeletal responsiveness to PTH, which  
can lead to profound hypocalcemia.20

 ■ CASE CONTINUED

On further questioning, the patient revealed 
that the supplement prescribed by his naturo-
pathic practitioner contained vitamin D. Al-
though he had been instructed to take 1 tablet 
weekly, he had begun taking it daily with his 
other routine medications, resulting in a daily 
dose in excess of 60,000 IU of cholecalciferol 
(vitamin D3). The recommended dose is no 
more than 4,000 IU/day.
 The supplement was immediately discon-
tinued. His hydrochlorothiazide was also held 
due to its known effect of reducing urinary cal-
cium excretion.

 ■ INITIAL TREATMENT OF HYPERCALCEMIA

3 Which of the following treatments is not 
recommended as part of this patient’s ini-
tial treatment?

 □ Bisphosphonates
 □ Calcitonin
 □ Intravenous fl uids
 □ Furosemide

Our patient met the criteria for the diagnosis 
of hypercalcemic crisis, usually defi ned as an 
albumin-corrected serum calcium level higher 
than 14 mg/dL associated with multiorgan 
dysfunction resulting from the hypercalce-
mia.21 The mnemonic “stones, bones, abdomi-
nal moans, and psychic groans” captures the 
renal, skeletal, gastrointestinal, and neurolog-
ic manifestations.1

Bisphosphonates
Bisphosphonates are analogues of pyrophos-
phonates, which are normally incorporated 
into bone. Unlike pyrophosphonates, bisphos-
phonates inhibit osteoclast function. They are 
often used to treat hypercalcemia of any cause, 
although they are currently approved by the 
US Food and Drug Administration for treat-
ing hypercalcemia of malignancy only. As in-
travenous monotherapy, they are superior to 
other forms of treatment and are among the 
fi rst-line agents in management.
 Two bisphosphonates shown to be effec-
tive in hypercalcemia are zoledronate and 
pamidronate. Pamidronate begins to lower se-
rum calcium levels within 2 days, with a peak 
effect at around 6 days.22 However, in studies 
comparing the 2 drugs, zoledronate has been 
shown to be more effective in normalizing 
serum calcium, with the additional benefi t 
of having a much more rapid infusion time.23 
Zoledronate is contraindicated in patients 
with creatinine clearance less than 30 mL/
min; however, pamidronate may continue to 
be used.24

Calcitonin
This hormone inhibits bone resorption and 
increases excretion of calcium in the kidneys. 
It is not recommended for use alone because of 
its short duration of action and tachyphylaxis, 
but it can be used in combination with other 
agents, particularly in hypercalcemic crisis.22 
It has the most rapid onset (within 2 hours) 
of the available medications, and when used 
in combination with bisphosphonates it pro-
duces a more substantial and rapid reduction 
in serum calcium.25,26 

All
management 
approaches 
call for fl uid 
repletion as an 
initial step in 
hypercalcemia
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 In a patient such as ours, with severe hy-
percalcemia and evidence of neurologic con-
sequences, calcitonin should be used for its 
rapid and effective action in lowering serum 
calcium as other interventions take effect.

Intravenous fl uids
Like our patient, many patients with signifi -
cant hypercalcemia have volume depletion as 
a result of calciuresis-induced polyuria. Many 
also have nephrogenic diabetes insipidus from 
the cytotoxic effect of calcium on renal cells, 
leading to further volume depletion.27 
 All management approaches call for fl uid 
repletion as an initial step in hypercalcemia. 
However, for severe hypercalcemia, volume 
resuscitation alone is unlikely to completely 
correct the imbalance. In addition to cor-
recting dehydration, giving fl uids increases 
glomerular fi ltration, allowing for increased 
secretion of calcium at the distal tubule.28 The 
recommendation is 2.5 to 4 L of normal saline 
over the fi rst 24 hours, with continued aggres-
sive hydration until good urine output is es-
tablished.21 
 Our patient, in addition to having acute 
kidney injury thought to be due to prerenal 
azotemia, appeared to be volume-depleted and 
was given aggressive intravenous hydration.

Furosemide
Furosemide inhibits calcium reabsorption at 
the thick ascending loop of Henle, but this ef-
fect depends on the glomerular fi ltration rate. 
While our patient would likely eventually 
benefi t from furosemide, it should not be con-
sidered the fi rst-line therapy, as diuretic use 
in the setting of volume depletion can cause 
circulatory collapse.29 A relative contraindi-
cation was his presentation with acute kidney 
injury.

 ■ LONG-TERM TREATMENT

4In the continued management of a patient 
with vitamin D toxicity with severe hyper-
calcemia, which of the following provides 
prolonged benefi t?

 □ Intravenous hydrocortisone
 □ Fluid repletion
 □ Pamidronate
 □ Calcium-restricted diet

Much has been postulated concerning the 
mechanism of vitamin D intoxication and 
subsequent hypercalcemia. Studies have 
shown it is not an increase in dietary calci-
um absorption that drives the hypercalcemia 
but rather an increase in bone resorption. As 
such, bisphosphonates such as pamidronate 
have been shown to have a dramatic and rapid 
effect on severe hypercalcemia from vitamin 
D toxicity. The duration of action varies but is 
typically between 1 and 2 weeks.22,30

 Corticosteroids such as hydrocortisone are 
also indicated in situations of severe toxicity. 
They block the action of 1-alpha-hydroxylase, 
which converts inactive 25-hydroxyvitamin 
D to the active 1,25-dihydroxyvitamin D. 
Corticosteroids have also been shown to more 
directly reduce calcium resorption from bone 
and intestine in addition to increasing calci-
uresis.31 A small study in the United Kingdom 
noted that while bisphosphonates and steroids 
were equally effective in reducing serum calci-
um levels, bisphosphonates accomplished this 
reduction more rapidly, with a time to thera-
peutic effect of 9 days as opposed to 22 days. 
 Fluid hydration, though necessary, is un-
likely to produce complete correction on its 
own, as previously discussed.

 ■ THE PATIENT RECOVERS

The patient was treated with intravenous fl u-
ids over 3 days and received 1 dose of pami-
dronate. Calcitonin was provided over the 
fi rst 48 hours after presentation to more rap-
idly reduce his calcium levels. He was advised 
to avoid taking the supplements prescribed by 
his naturopathic practitioner. 
 On follow-up with an endocrinologist 
1 week later, his symptoms had entirely re-
solved, and his calcium level was 10.5 mg/dL.

 ■ TAKE-AWAY POINTS

• A good medication history includes over-
the-counter products such as vitamin D 
supplements, as more and more people are 
taking them.  

• The level of 25-hydroxyvitamin D should 
be monitored within 3 to 4 months after 
initiating treatment for vitamin D defi -
ciency.11 

• Vitamin D toxicity can have profound 

1 week later,
his symptoms 
had entirely
resolved, and 
his calcium 
level was
10.5 mg/dL
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consequences, which are usually seen 
when levels of 25-hydroxyvitamin D rise 
above 250 ng/mL.13 

• The Institute of Medicine recommends
that the dosage of vitamin D supplements

be no more than 4,000 IU/day and that 
doses may need to be lowered to account 
for concurrent use of hypercalcemia-induc-
ing drugs and other vitamin D-containing 
supplements.32 ■
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