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Although kidney stone formation due to hypercalcemic states is rare, it is
important for urologists to understand the pathophysiology of these condi-
tions, methods of diagnosis, and treatments. This should foster a quicker
diagnosis and institution of appropriate therapy. The latter typically leads 
to the attenuation of kidney stone activity. Moreover, these patients have a
systemic disease, and therapy has other health benefits.
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The majority of patients with nephrolithiasis have calcium-containing
stones.1 Therefore, processes that influence the delivery of calcium to the
kidney may impact stone formation. A significant number of such stone

formers have increased urinary calcium excretion. However, a minority has a sys-
temic disease causing chronic hypercalcemia and promotion of stone formation.2

This article will focus on basic mechanisms of calcium balance, the pathophysiol-
ogy of hypercalcemic states associated with kidney stone formation, and methods
of detecting and correcting these disorders.
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Sites of Calcium 
Homeostasis Control
Calcium homeostasis is normally
under very tight control. There are 3
main sites of control: the gastroin-
testinal tract, bone, and kidney. 

Under normal conditions, approxi-
mately 30% to 40% of dietary cal-
cium is absorbed in the gastrointesti-
nal tract. Animal experiments have
demonstrated that the majority,
nearly 90%, is absorbed in the small
intestine, whereas the remainder of
uptake occurs in the colon.3 The
stomach is not considered to play a
significant role in calcium absorp-
tion.4 Studies using radiolabeled cal-
cium in rats have shown that 65% to
88% of daily calcium intake is ab-
sorbed in the ileum, 4% to 17% in the
jejunum, and 7% to 8% in the duode-
num.5,6 A similar pattern has been
reported in dogs.7,8 Intestinal calcium
perfusion studies in humans have
shown the jejunum to have the high-
est rate of calcium absorption per unit
length.9 Despite the high rate of ab-
sorption in the jejunum, the primary
determinant of total intestinal ab-
sorption seems to be transit time in
each segment, with the longest transit
time occurring in the ileum.3 As a re-
sult, total human intestinal calcium
absorption is highest in the ileum,
with segmental absorption following
the pattern seen in the previously
mentioned animal studies.10,11

For calcium to be absorbed by the
gut, it must be ionized and in solu-
tion.12 Mechanical and chemical di-
gestion combined with the acidic en-
vironment of the stomach causes
calcium to dissociate from non-ionic
components of food. The acidity also
brings ionized calcium into solu-
tion.12,13 Despite these processes, only
a small portion of total calcium is sol-
uble in the luminal space, and the
solubility decreases as chyme tra-
verses the intestine and becomes less
acidic.3

Intestinal calcium absorption oc-
curs by 3 primary routes. An active
transcellular route is primarily local-
ized in the upper duodenum.12,14 This
transport system consists of 3 se-
quences. First, calcium moves from
the lumen down an electrochemical
gradient to enter the intestinal cell
through non–voltage-gated epithelial
calcium channels located in the brush
border membrane. Calcium then
passes through the cytosol to the ba-
solateral membrane, a process that is
facilitated by calbindin 9, a cytosolic

protein that acts as an intracellular
calcium “ferry” or “chaperone.” This
trans-cytosolic calcium movement is
faster than that occurring with pas-
sive diffusion. Finally, calcium is
pumped out of the cell into the lam-
ina propria and up an electrochemical
gradient by an adenosine triphosphate–
activated calcium pump.15 This mech-
anism can be completely saturated in
the presence of high levels of intesti-
nal calcium. Calcitrol [1,25(OH)2D3]
serves to stimulate the synthesis of
epithelial calcium channels, calbindin
9, and the calcium adenosine triphos-
phatase pump.15 Thus, calcitriol acts
to upregulate calcium absorption by
the transcellular route.

The second mechanism of calcium
absorption is nonsaturable paracellu-
lar transport, which is also influenced
by calcitriol.13 In this mechanism, cal-
cium travels out of the lumen, through
the paracellular tight junctions be-
tween adjacent enterocytes, and into
the lamina propria. This mechanism
requires a calcium concentration in
the lumen of 2 to 6 mmol/L to over-
come the electrochemical gradient.15

Thus, at luminal calcium concentra-
tions of less than 2 mmol/L, passive

paracellular absorption plays a mini-
mal role. At luminal calcium concen-
trations greater than 2 to 6 mmol/L,
the rate of paracellular absorption is
directly proportional to luminal con-
centration. Calcitriol acts to change
the assembly and permeability of tight
junctions in a way that leads to a net
increase in conductance of calcium in
the presence of a favorable gradient.16

The third mechanism is vesicular
transport, which is also calcitriol de-
pendent and occurs primarily in the
duodenum. The relative contribution

of this pathway to calcium absorption
under normal physiologic conditions
is not yet clearly defined.13,15,17

The concentration of soluble, ion-
ized calcium in the intestinal lumen
influences the mode of calcium ab-
sorption. When the calcium concentra-
tion is low the majority is absorbed
through the active transcellular route.
When the calcium concentration is
high, the paracellular route predomi-
nates.12 The active transport system is
more efficient than paracellular trans-
port. Thus, the efficiency with which
dietary calcium is absorbed varies with
its concentration; there is a higher
percentage of dietary calcium absorp-
tion when total calcium intake is low
than when it is high.1

Once calcium has entered the extra-
cellular space, it circulates throughout
the body. Bone acts as a reservoir that
holds 99% of the body’s total calcium
at any given time, but this reservoir is
not static. Osteoblastic activity and
osteoclastic activity occur simultane-
ously, such that calcium from bone is
being constantly exchanged with ex-
tracellular calcium in a process of
continual bone remodeling.18 Every
day approximately 300 mg of calcium

Every day approximately 300 mg of calcium is exchanged between the
extracellular pool and the bone storage pool.
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is exchanged between the extracellu-
lar pool and the bone storage pool.19

Excess calcium is excreted by both
the gut and the kidney. Most of the
calcium excreted in feces is accounted
for by sources of dietary calcium that
could not be completely absorbed, but
some calcium in the gut comes from
endogenous sources. In the proximal
gut, endogenous calcium comes pri-
marily from gastric juices, whereas
most endogenous calcium in the dis-
tal gut comes from mucus and colonic
mucosal cells.20 Endogenous calcium
that enters the gut undergoes absorp-
tion similar to calcium from exoge-
nous sources, but the relatively low
efficiency of calcium absorption leads
most endogenous calcium that enters
the gut to be excreted.20 In healthy
adults, daily endogenous fecal cal-
cium loss is approximately the same
as urinary excretion of calcium.21,22

Extracellular calcium exists in 3
fractions. Approximately 50% of ex-
tracellular calcium is ionized and is
free to bind receptors and exert bio-
logic activity, 40% is bound to plasma
proteins, and 10% is complexed to
anions such as citrate, phosphate, sul-
fate, bicarbonate, and lactate.23 Albu-
min accounts for 60% of plasma pro-
teins and is the primary protein that
binds calcium, at a ratio of 0.8 mg/dL
calcium for every 1 g/dL of albumin
at a normal pH.23 The remainder of
the bound calcium is bound to serum
globulin proteins. 

The majority of calcium delivered
to the kidney is reabsorbed. Calcium
that is ionized or complexed to anions
is ultrafiltered at the glomerulus,
whereas calcium that is bound to pro-
teins is not typically filtered by the
kidney.23 Normally, 98% to 99% of
the filtered calcium is reabsorbed:
50% to 60% is reabsorbed in the
proximal convoluted tubule in a pas-
sive, paracellular fashion, 15% in the
thick ascending limb by passive para-
cellular and active mechanisms, and

10% to 15% in the distal convoluted
tubule mostly by an active, transcel-
lular process.19

Modulators of Calcium 
Homeostasis
Vitamin D is an important component
of calcium homeostasis. It is derived
from the diet or generated by ultravi-
olet radiation to the skin, which
photo-isomerizes precursors.24 Vita-
min D is activated in a 2-step process.

The liver hydroxylates vitamin D at
the 25 carbon through the cy-
tochrome P450 system in a constitu-
tive manner, yielding 25(OH)D3.

24 The
latter is converted to calcitriol in the
proximal tubule of the kidney in a
tightly controlled step by the enzyme
1-alpha hydroxylase.13,24 Calcitriol
binds to a high-affinity receptor, the
vitamin D receptor (VDR), which is
transported to the nucleus, where it
regulates messenger ribonucleic acid
(mRNA) transcription.24 The influ-
ences of calcitriol on gut calcium
transport have been reviewed above.

Calcitriol also has important ac-
tions at the skeletal level.25 Providing
sufficient calcium for bone matrix
protein is one of its important roles. It
also influences the content of bone
matrix. For example, calcitriol sup-
presses the production of type I colla-
gen and induces osteocalcin synthe-
sis, 2 of the major bone matrix
proteins.13 Calcitriol also stimulates
osteoclast differentiation.13

Calcitriol also modulates parathy-
roid gland function. When the VDR is
activated by calcitriol, it inhibits the
synthesis of parathyroid hormone
(PTH).24 Calcitriol also modulates ex-
pression of VDR and calcium sensing
receptor (CaSR) in the parathyroid

glands. Increased levels of calcitriol
enhance VDR expression, though this
mechanism may represent indirect
control through increased serum cal-
cium.24 Calcitriol stimulates the ex-
pression of CaSR in the parathyroid
glands.24 The net effect of calcitriol
on the parathyroid tissue is to reduce
PTH secretion and parathyroid cell
differentiation.24

PTH is another important compo-
nent of calcium balance. Parathyroid

chief cells synthesize, store, and se-
crete PTH in response to serum cal-
cium levels, and PTH serves to pro-
vide the minute-to-minute control of
serum calcium levels.13 PTH is synthe-
sized as a pro-hormone and cleaved
to a metabolically active form by the
kidney and liver. Control of PTH se-
cretion occurs in 3 time frames.
Short-term control is modulated by
the CaSR. In a low serum calcium
state, the absence of CaSR stimulation
leads to upregulation of PTH secretion
from vesicular stores.13 Medium-term
control is by increased production of
PTH mRNA. Long-term control is by
cellular replication. When chronically
stimulated, as in the presence of
chronically low serum calcium,
parathyroid cells will replicate and
the parathyroid gland can become
hyperplastic, leading to an increased
ability to secrete PTH.13

The action of PTH is mediated by its
complexation with a cell-surface G
protein receptor. The binding of PTH
with this receptor stimulates a num-
ber of secondary messengers that po-
tentiate the actions of PTH on its end-
organ targets. Its influences at these
sites are described next. 

In the kidney, PTH exerts its pri-
mary function on the distal nephron,

Parathyroid hormone serves to provide the minute-to-minute control of
serum calcium levels.
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where it upregulates transcellular
calcium reabsorption by increasing
the transmembrane voltage gradient,
thus hyperpolarizing the cell.13 PTH
also reduces phosphate reabsorption
in the proximal and distal tubules,
primarily by reducing the expression
of sodium phosphate co-transporter
proteins necessary for transcellular
reabsorption of potassium. PTH fur-
ther acts on the kidney by inducing
transcription of the 1-alpha hydroxy-
lase gene, leading to increased pro-
duction of calcitriol. Thus, the net
effect of PTH on the kidney is to
increase extracellular calcium and
decrease extracellular phosphate
levels.13

Interestingly, PTH acts to stimulate
both bone reabsorption and bone de-
position. Although the net effect of
PTH is to stimulate bone reabsorption,
the local effects vary widely.13 When
PTH receptors on preosteoblasts are
activated, this inhibits their matura-
tion into osteoblasts. Stimulation of
PTH receptors on osteoblasts de-
creases production of bone matrix
proteins.13 Although osteoclasts do
not have PTH receptors, cell signaling
from PTH-activated osteoblasts pro-
motes osteoclastic activity, resulting
in bone resorption. 

Parathyroid hormone-related pro-
tein (PTHrP) also binds to PTH receptor
and potentiates the same actions as
PTH. PTHrP seems to primarily act in
an autocrine or paracrine fashion and
is only found in systemic circulation in
disease states such as malignancy. 

Calcitonin serves to rapidly de-
crease the serum calcium level when
given exogenously through reduction
in tubular resorption of calcium and
impairment of osteoclastic bone re-
sorption.13 Calcitonin seems to work
through a G protein receptor in the
same family as the PTH receptor but
is not known to play a role in the
day-to-day control of calcium
homeostasis.13

Low Ionized Ca��

↑ Ionized Serum Ca��

Parathyroid
Glands

1,25(OH)2D3

↑ Ca�� Absorption

Gut

PTH

KidneyBone

PTH
↑ Bone Resorption
↑ Osteoclasts
↑ Bone Matrix
   Degradation

PTH
↑ Ca�� Reabsorption
↓ Phosphate
   Reabsorption
↑ 1,25(OH)2D3

Figure 1. Calcium homeostasis. PTH, parathyroid hormone.

Homeostasis
A complex interplay between PTH
and calcitriol and the mineral ions
maintains calcium levels within a
narrow range (Figure 1). When serum
calcium is low, PTH is secreted, lead-
ing to an increase in bone resorption
and renal conservation of calcium.
Calcitriol is generated, leading to in-
creased intestinal absorption of di-
etary calcium.13 If serum calcium is
high, PTH is suppressed, calcitriol is
suppressed, intestinal absorption of
calcium decreases, and the kidney ex-
cretes more calcium.13

Failures of Calcium 
Homeostasis
Calcium regulation can go awry at
many different steps in the control
mechanisms, but only rarely does this
lead to nephrolithiasis. Diseases that
result in hypercalcemia and hypercal-
ciuria may be associated with stone
formation (Table 1). The 2 most
prevalent are hyperparathyroidism
and sarcoidosis. 

Hyperparathyroidism
Primary hyperparathyroidism is due
to a sporadic solitary parathyroid
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adenoma 80% to 85% of the time.26,27

Parathyroid carcinoma accounts for
1% to 4% of primary hyperparathy-
roidism, whereas parathyroid hyper-
plasia accounts for up to 15%.26,28,29

Rarely, patients with primary hyper-
parathyroidism may have multiple
endocrine neoplasia syndromes type I
or IIa (MEN I or MEN IIa). Hyper-
parathyroidism occurs in approxi-
mately 95% of patients with MEN I.
Hyperparathyroidism is due to hyper-
plasia of all 4 parathyroid glands in
this condition. MEN I usually mani-
fests in the second or third decade of
life.13 In contrast, 5% to 20% of pa-
tients with MEN IIa will have hyper-
parathyroidism, and the disease typi-
cally presents later in life.13 Similar to
MEN I, it is usually the result of hy-
perplasia.26 Subtotal parathyroidec-
tomy is performed in patients with
MEN I and MEN II. The recurrence
rate in such patients is higher than in
those with hyperparathyroidism due
to a solitary adenoma.13

In hyperparathyroidism, the serum
PTH level is inappropriately in-
creased, leading to increases in bone
resorption, reabsorption of calcium in
the nephron, and intestinal absorp-
tion. The net effect is a rise in the
serum calcium concentration.13 This
increases the filtered load of calcium
in the glomerulus, which may override

the impact of the increased absorp-
tion in the nephron, leading to hyper-
calciuria. The hypercalcemia of hy-
perparathyroidism typically is not to
the degree reached in other hypercal-
cemic states. 

As screening and diagnostic tools
for hyperparathyroidism have im-
proved, patients with primary hyper-
parathyroidism are now frequently
diagnosed while still asymptomatic.30

As a result, the incidence of urolithi-
asis in primary hyperparathyroidism
has decreased from nearly 80% in
early series to 7% to 20% in recent se-
ries.31,32 Broadus and colleagues33 re-
ported that those who develop stones
have higher urinary calcium excretion
than those who do not. There are pa-
tients with primary hyperparathy-
roidism and stones who have normal
calcium excretion, suggesting that

other stone risk factors may be play-
ing a role.34-36 Patients with primary
hyperparathyroidism and stones
typically form calcium phosphate,
calcium oxalate, or mixed calcium
stones.1,37

Less than 1% of stone formers in the
community setting have primary hy-
perparathyroidism.38 A higher preva-
lence is encountered in referral centers
(1.65%-13.3%).39-42

Although only a small percentage
of patients with stones have primary
hyperparathyroidism, screening for
hyperparathyroidism is still recom-
mended. Screening with serum cal-
cium testing is inexpensive, and when
the diagnosis is established the dis-
ease can be surgically cured and stone
activity significantly reduced.30

Mollerup and colleagues30 examined
107 patients with renal calculi and
hyperparathyroidism at presentation.

After surgical correction of patients’
hyperparathyroidism, the stone recur-
rence rate was 30% at 5 years, signif-
icantly lower than the rate before op-
eration and comparable to the rate of
recurrence in idiopathic stone form-
ers.30 Deaconson and associates43 re-
ported similar reductions in stone
events after parathyroidectomy. Con-
trary to this evidence, Vestergaard
and Mosekilde44 reported that stone
event rates were higher in patients
with primary hyperparathyroidism
who underwent surgical correction
than in those treated conservatively
(odds ratio, 2.49; 95% confidence in-
terval, 1.93-3.23). The investigators
postulate that the increase in stone
events may be due to selection bias
when surgery is indicated for individ-
uals more seriously affected by the
disease. They also propose that some

of this increased incidence may be
from renal damage done by previous
stone events. 

If serum calcium is elevated, intact
PTH and phosphorous are measured.
In hyperparathyroidism, the intact
PTH level is usually high-normal or
elevated and phosphorous depressed.
Ionized calcium is measured when
serum albumin is abnormal because
this will enhance detection.45

Although screening for hyper-
parathyroidism is straightforward, the
hypercalcemia associated with hyper-
parathyroidism may be intermittent,
and some patients may not be hyper-
calcemic at all, with serum calcium in
the high-normal range. As a result, it
is necessary to measure serum calcium
levels over time to fully evaluate for
hyperparathyroidism in symptomatic
patients.27 Alternatively, one may
consider obtaining an intact PTH

Table 1
Hypercalcemic States That 

Lead to Nephrolithiasis

Hyperparathyroidism

Sarcoidosis

Other granulomatous disease

Prolonged immobilization

Milk-alkali syndrome

Hypervitaminosis D

Malignancy (rarely causes
nephrolithiasis)

The incidence of urolithiasis in primary hyperparathyroidism has decreased
from nearly 80% in early series to 7% to 20% in recent series.
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level for patients with a high-normal
serum calcium level and symptoms
attributable to hyperparathyroidism,
such as recurrent stone formation, es-
pecially if forming calcium phosphate
stones.46,47 The administration of a
short course of thiazide diuretic or in-
dapamide therapy will sometimes un-
mask the diagnosis in equivocal
cases, the patients in such cases be-
coming hypercalcemic on therapy. 

PTH acts to decrease calcium bind-
ing to albumin and globulin proteins.
As a result, patients with early hyper-
parathyroidism can have elevated
ionized calcium levels and the associ-
ated sequela of hypercalcemia but
have normal total serum calcium lev-
els. This may be the underlying mech-
anism for normocalcemic hyper-
parathyroidism.39-41,48,49

(99m)Tc-sestamibi scans have been
used successfully to identify a num-
ber of metabolically active tissues, in-
cluding parathyroid adenomas. They
are mainly used when the diagnosis
of primary hyperparathyroidism is
highly suspected on the basis of
serum calcium and PTH testing. In
this setting this study may identify a
parathyroid adenoma and facilitate
minimally invasive parathyroidec-
tomy.50,51 It may also help in the de-
tection of ectopic parathyroid adeno-
mas and in the evaluation of patients
suspected of having normocalcemic
hyperparathyroidism.48,52 One must be
aware of the sensitivity and speci-
ficity of this test when making treat-
ment decisions. (99m)Tc-sestamibi
scans have a sensitivity of 88.44% for
solitary parathyroid adenomas, but
the sensitivity for other parathyroid
pathology is significantly worse:
44.46% for multigland hyperplasia,
29.95% for double adenomas, and
33% for carcinoma.52,53 False-positive
results on sestamibi scans are also
possible, particularly in the setting of
thyroid pathology or reactive lymph
nodes.

Sarcoidosis
Sarcoidosis is a granulomatous dis-
ease that can lead to hypercalcemia.
Hypercalcemia has been reported to
occur in 2% to 63% of patients with
sarcoidosis, with most estimates
falling around 10%.54 Hypercalciuria
is approximately 3 times more com-
mon than hypercalcemia in sarcoido-
sis, occurring in up to 50% of pa-
tients.55 Harrell and Fisher56 reported a
relationship between elevated serum
vitamin D and sarcoidosis in 1939.
Subsequent investigations have
demonstrated that hypercalcemia in
sarcoidosis is caused by extrarenal
production of calcitriol by 1-alpha hy-
droxylase present in the macrophages
of the granulomas.54 Calcitriol is pos-
tulated to act as an immune regulator
in a fashion similar to other cytokines,
but its exact mechanism in the granu-
lomas has not been elucidated.54

Hypercalcemia due to sarcoidosis
can be treated effectively with corti-
costeroid administration. In adults,
the administration of 20 to 40 mg of
prednisone daily leads to reduction in
serum calcium and calcitriol and res-
olution of hypercalciuria, typically in
5 to 7 days.54

Other Granulomatous Diseases
Other granulomatous diseases have
been associated with hypercalcemia,
including leprosy,57 coccidioidomy-
cosis,58 tuberculosis,40 plasma cell
granuloma,59 Wegener’s granulomato-
sis,60 and silicosis.61 In all of these dis-
eases except for tuberculosis, the
mechanism of hypercalcemia seems to
be increased production of calcitriol in
granulomas. In tuberculosis calcitriol
may play a role, but there may be
other mechanisms because serum

calcitriol levels in such cases are not
always elevated.62

Malignancy
Malignancy may cause hypercalcemia
due to many mechanisms. The most
prominent involves the production of
PTHrP. PTHrP production is normally
regulated by the CaSR on the cell sur-
face. Certain tumors, such as breast
tumor cells, have an abnormal regula-
tion in which CaSR stimulates pro-
duction of PTHrP instead of inhibiting
it.63 As a result, PTHrP levels greatly
exceed the normal concentrations
that are just sufficient to act in an au-
tocrine or paracrine fashion. As serum
levels rise, PTHrP begins to act simi-
larly to PTH, resulting in hypercal-
cemia. However, this infrequently re-
sults in stone formation. Perhaps this
is owing to shorter periods of hyper-
calcemia due to cancer mortality or

modulation of other stone risk para-
meters.64,65

Familial Hypocalciuria 
Hypercalcemia
Familial hypocalciuria hypercalcemia
is an autosomal dominant mutation
of parathyroid CaSR.66 Patients with
this disorder have moderately ele-
vated serum calcium levels and varied
symptoms, such as fatigue, headache,
or weakness. As the name implies,
this disorder does not lead to hyper-
calciuria and therefore does not lead
to urolithiasis.66

Milk-Alkali Syndrome
The occurrence of milk-alkali syn-
drome as a cause for hypercalcemia
dramatically decreased with the intro-
duction of H2 blockers and proton
pump inhibitors for treatment of

Hypercalciuria is approximately 3 times more common than hypercalcemia
in sarcoidosis, occurring in up to 50% of patients.
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sionally mild forms of vitamin D in-
toxication occur as the result of treat-
ment of hypoparathyroidism with
large doses of vitamin D and oral cal-
cium, but even this does not usually
lead to hypercalciuria sufficient to
cause nephrolithiasis.37

Prolonged Immobilization
Total body immobilization as is found
in orthopedic disorders and paralysis
leads to hypercalciuria, hyperphos-
phaturia, and in some patients, hyper-
calcemia. This may also occur during
space travel, a low-gravity environ-
ment in which mobility may be lim-
ited. It seems that the hormonal con-
trol of bone is not sufficient to
maintain its crystalline microstruc-
ture. Rather, mechanical stress serves
to alter signals in bone that combine
with the previously discussed hor-
monal regulation to lay down and
maintain mechanically strong
bones.72-74 Decreased muscle activity
and decreased weight bearing in
immobilized patients lead to changes
in calcium homeostasis, resulting in
the resorption of skeletal bone and
eventuating in the aforementioned

metabolic changes.37,75-77 In the set-
ting of immobility, hypercalcemia is
usually only found in children or
young adults with recent fractures,
but on occasion may be found in
older adults with underlying disorders
of calcium metabolism.37 It may lead
to kidney stone formation, with af-
fected patients usually forming cal-
cium phosphate stones. Remobilization
of the patient typically leads to resolu-
tion of these metabolic changes.37,75,76

Similar metabolic changes can occur
during space travel owing to the mi-
crogravity environment.78

Conclusion
Although kidney stone formation
due to hypercalcemic states is rare,
it is important for urologists to
understand the pathophysiology of
these conditions, methods of diag-
nosis, and treatments. This should
foster a quicker diagnosis and institu-
tion of appropriate therapy. The
latter typically leads to the attenua-
tion of kidney stone activity. More-
over, these patients have a systemic
disease, and therapy has other health
benefits.

peptic ulcer disease. Milk-alkali syn-
drome leads to the classic triad of hy-
percalcemia, metabolic alkalosis, and
renal failure.67 It is caused by inges-
tion of calcium and alkali substances
together in susceptible individuals.
New evidence indicates that incidence
of this disorder may again be on the
rise because calcium supplementation
is now emphasized for prevention of
osteoporosis and because calcium
carbonate is being used to reduce sec-
ondary hyperparathyroidism in
chronic renal failure.68-70 The syn-
drome has been associated with
urolithiasis, and the diagnosis should
be considered when other causes of
hypercalcemia have been ruled out.37

Removal of the sources of alkali and
calcium leads to rapid improvement
of the hypercalcemia and the meta-
bolic alkalosis. Renal function typi-
cally improves with treatment, but
may not return to baseline.68

Hypervitaminosis D
Hypervitaminosis D has been reported
to cause urolithiasis, but vitamin D
intoxication is now rarely encoun-
tered in clinical practice.37,71 Occa-

Main Points
• The majority of patients with nephrolithiasis have calcium-containing stones. A significant number of such stone formers have

increased urinary calcium excretion, but a minority has a systemic disease causing chronic hypercalcemia and promotion of stone
formation. 

• Calcium homeostasis is normally under very tight control. A complex interplay between parathyroid hormone and calcitriol and
the mineral ions maintains calcium levels within a narrow range. Calcium regulation can go awry at many different steps in the
control mechanisms, but only rarely does this lead to nephrolithiasis.

• Of the diseases/conditions that result in hypercalcemia and hypercalciuria and that may be associated with stone formation, the
2 most prevalent are hyperparathyroidism and sarcoidosis. Others include other granulomatous diseases (eg, leprosy, coccid-
ioidomycosis, tuberculosis, plasma cell granuloma, Wegener’s granulomatosis, and silicosis), prolonged immobilization, milk-
alkali syndrome, hypervitaminosis D, and (rarely) malignancy.

• Although only a small percentage of patients with stones have primary hyperparathyroidism, screening for hyperparathyroidism
is still recommended. Screening with serum calcium testing is inexpensive, and when the diagnosis is established the disease can
be surgically cured and stone activity significantly reduced.

• Hypercalcemia due to sarcoidosis can be treated effectively with corticosteroid administration. In adults, the administration of 20
to 40 mg of prednisone daily leads to reduction in serum calcium and calcitriol and resolution of hypercalciuria, typically in 5
to 7 days.
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