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ABSTRACT

Although significant progress has been made during
the last 3 decades in the minimally invasive surgical
management of stone disease, the medical prevention
of urolithiasis still remains challenging as much less
progress has been achieved during the same time pe-
riod. The purpose of this article is to provide the prac-
ticing urologist with practical guidelines for the meta-
bolic evaluation and management of the recurrent stone
patient. The recommendations are based on the latest
available information regarding the pathogenesis, medi-
cal treatment options, and decision-making rationale
when managing these challenging patients.

INTRODUCTION

Kidney stones affect approximately 15% of men and
7% of women in the United States, at an estimated cost
of more than $2 billion per year.! Recent epidemiologic
data suggest an increasing prevalence and incidence of
kidney stones.2 Modern lifestyle, obesity, and changing
dietary habits are some of the factors that have been
attributed to this increase in incidence.

The last 3 decades have seen significant advances in
the surgical management of stone disease. Minimally
invasive techniques including ureteroscopy, extra-
corporeal shock wave lithotripsy (SWL), and percu-
taneous nephrostolithotomy (PNL) have essentially
replaced open stone surgery for the management of
stone disease today. This has resulted, in part, in tem-
pered interest in medical management for urinary cal-
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culi. Although most of these procedures are performed
on an outpatient basis or during a short hospital stay,
they have the potential for morbidity and long-term
side effects. Additionally, repeat surgical treatment of
recurrent stones in these patients is associated with in-
creased financial burden. The prevention of stone for-
mation by medical therapy has been shown to be cost-
effective and is thus a logical extension of care.?

This article addresses patients who are at high risk of
recurrent stone formation and provides guidelines for
medical management.

EVALUATION OF A FIRST-TIME
STONE FORMER
First-time stone formers have been estimated to have
a 50% risk of recurrence within the subsequent 10
years. In a northern European population, a prospec-
tive evaluation noted an overall rate of recurrence of
53% within 8 years.+

The decision to investigate a first-time stone for-
mer remains controversial. Even though up to 50% of
patients with a stone will have recurrence, more than
50% of all recurrent calcium stone formers have only 1
recurrence during their lives and only 10% of recurrent
stone formers have more than 3 recurrences.> Although
the remission rate of medical prophylaxis in calcium
stone formers is 80%, recent data suggest that medical
prevention in patients who form stones less frequently
than once every 3 years may not be cost-effective.s

However, formation of a kidney stone may be the
harbinger of a more severe underlying systemic dis-
order like renal tubular acidosis or hyperparathyroid-
ism. All first-time stone formers should at least have
a simplified evaluation (Table 1) to rule out any severe
underlying systemic disorders that may cause recurrent
calculi and extrarenal complications. A careful medical
history is an important part of the evaluation as it may
disclose any underlying dietary habits, medical condi-
tions, and medications that contributed to the stone
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Table 1. Simplified Evaluation of Low-risk First-time Stone
Formers

History

Predisposing medical conditions (as in Table 2)
Medications

Dietary history (fluid, calcium, oxalate, and purine intake)
Family history of stone disease

Occupational history (excessive fluid loss)

Blood Screen

Basic metabolic panel
Calcium
Parathyroid hormone
Uric acid

Urine

Urinalysis
Urine culture
Radiography
KUB (Kidney, ureter, and bladder)
Computed tomography (CT) scan or intravenous pyelography
Stone analysis

disease. A multichannel blood screen, including mea-
surement of serum calcium, uric acid, and parathyroid
hormone, should be obtained.

Proper identification of stone composition is fun-
damental in the risk evaluation. This is best done with
either roentgen crystallography or infrared spectros-
copy; it is recommended that all patients have at least
1 stone analyzed. Patients with uric acid, cystine, and
infection stones have a high incidence of recurrent stone
formation. The presence of uric acid or cystine suggests
gouty diathesis or cystinuria, respectively. The finding of
struvite, carbonate apatite, and magnesium ammonium
phosphate suggests lithiasis of infection origin. Calcium
stones are less useful diagnostically as they may occur
in several conditions, including hypercalciuria, hype-
ruricosuria, enteric hyperoxaluria, hypocitraturia, and
low urine volume.” However, it may be important to
know if the calcium stone was mixed. A predominance
of a hydroxyapatite component suggests renal tubular
acidosis or primary hyperparathyroidism. There is also
evidence to suggest that calcium oxalate stones with sig-
nificant calcium phosphate or calcium oxalate dihydrate
content have a higher recurrence rate than pure calcium
oxalate monohydrate stones.s

An indirect approach for analysis using radiologic in-
formation and urinalysis can be applied. Radiologic eval-
uation can also rule out any anatomic abnormality asso-
ciated with recurrent stone formation. Uric acid stones
are radiolucent on KUB (kidney, ureter, and bladder) and
radiopaque on computed tomography (CT) scan. Other
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stones such as ammonium urate, sodium urate, xan-
thine, and 2,8-hydroxyadenine have similar properties.
Further clues in support of the uric acid diagnosis are a
high serum level of urate, low urine pH, and the appear-
ance of uric acid crystals in the urine. Struvite and cys-
tine stones have a much lower radiographic density than
calcium stones. Struvite stones are usually accompanied
by a history of infection with urease producing bacteria
and have a staghorn and multilayered morphology. The
microscopic demonstration of coffin-like crystals is
diagnostic for struvite. Cystine stones are associated
with a positive nitroprusside test and flat hexagonal
crystals on a urinalysis.

EVALUATION OF A HIGH-RISK

OR RECURRENT STONE FORMER

A more extensive evaluation is warranted in individuals
with recurrent nephrolithiasis as well as in patients at
an increased risk for further stone formation (Table 2).
This extensive evaluation was first described by Pak et
al in 1980 and later modified by Levy et al in 1995.910
The evaluation is completed in 2 outpatient visits (Table
3). It is preferable that patients discontinue any medica-
tion that may interfere with calcium, uric acid, or oxa-
late metabolism both before and during the evaluation.
These include vitamins C and D, calcium supplements,
antacids, diuretics, and acetazolamide.

The first visit includes all the testing done in the
simplified evaluation as mentioned above, along with
2 24-hour urine specimens on a random diet. On the
second visit, the patient brings in a third sample of
24-hour urine on a restricted diet (400 mg calcium and
100 mEq sodium/day). This dietary restriction is im-
posed to standardize the diagnostic tests, to better as-
sess the cause of hypercalciuria, and to prepare for the
“fast and calcium load” test. This test is performed on
the morning of the second visit to identify the cause of
hypercalciuria (absorptive versus resorptive versus renal
leak). After overnight hydration with 600 ml of water,
patients empty the bladder completely, discard this urine
and drink 600 mL of distilled water. All urine produced
during the next 2 hours is collected (fasting urine). A
1g oral calcium load is administered and urine is again
collected over the next 4 hours (post-load urine). Both
fasting and post-load samples are then assayed for cal-
cium and creatinine.

This extensive evaluation can be time consuming,
difficult, and expensive, since it requires multiple office
visits and diet adherence. We do not routinely perform a
calcium-loading test to differentiate between absorptive
and renal leak hypercalciuria as the treatment of both
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is similar. However, if the physician plans to prescribe
a calcium-binding agent (sodium cellulose phosphate,
orthophosphate), it may be beneficial to perform the
test. Several authors have suggested more simplified
protocols that do not include the calcium fast and load-
ing tests and can be performed in 1 office visit. Some
have recommended the collection of 2 separate 24-hour
urine specimens, while others have advocated 1 24-hour
random urine sample.!! However, the adequacy of a sin-
gle 24-hour urine evaluation has been challenged.!

THE 24-HOUR URINE EVALUATION
The urinary parameters typically assayed in the 24-hour
urine evaluation include calcium, oxalate, citrate, total
volume, sodium, magnesium, phosphate, potassium, pH,
uric acid, and cystine. The normal values are shown in
Table 4. Commercially available systems provide collec-
tion containers with chemical preservatives (obviating
iced storage and refrigerated transport), and extrapolate
24-hour cumulative data from the submission of a small
aliquot of the entire collection. The physician receives
a report that provides a numeric and graphic display
of the test results. Results display 24-hour excretion of
urinary constituents along with supersaturation values
for common urinary crystals. Urine supersaturation
values have been shown to correlate well with the stone
analysis and treatment outcomes.!3

Using a 24-hour urine evaluation, patients with neph-
rolithiasis can be classified into 12 categories reflecting
specific physiologic derangements (Table 5). However,
3% of all patients undergoing a full metabolic evalua-
tion will demonstrate no abnormalities.1® The potential
reasons for having an error in 24-hour urine evaluation
include error in collection technique, changes in the
patient’s diet, failure of specimen to accurately represent
a “typical” day, and bacterial contamination.

Risk Factors for Recurrent Stone Disease

Multiple risk factors have been associated with recur-
rent nephrolithiasis. They are summarized in Table
2. Identifying a familial incidence of stones is useful.
Geographic and occupational factors, medical condi-
tions, and drugs are associated with recurrent stones.
Certain stone types are also associated with recurrence.
Anatomic factors associated with stasis are associated
with recurrent stones as well.

CONSERVATIVE MEASURES
FOR PREVENTION OF RECURRENT
NEPHROLITHIASIS

General recommendations should be made for all

WISCONSIN MEDICAL JOURNAL

Table 2. Risk Factors for Recurrent Nephrolithiasis

Demographic Factors

Male gender

Children

Family history of stone disease

Obesity

Geographic factors: residence in stone belt

Genetic Disorders

Cystinuria

Primary hyperoxaluria
Renal tubular acidosis
Xanthinuria

Stone Type

Uric acid stones
Cystine stones
Infection stones
Brushite stones
Bilateral stones
Staghorn calculi
Multiple stones
Recurrent calculi

Anatomic Factors

Medullary sponge kidney

Solitary kidney

Polycystic kidney disease
Nephrocalcinosis

UPJ (ureteropelvic junction) obstruction
Horseshoe kidney

Caliceal diverticulum

Hydronephrosis

Medical Diseases

Gastrointestinal disease (colitis, crohn’s disease, malabsorp-
tion)

Hyperparathyroidism

Hyperthyroidism

Immobilization

Sarcoidosis

Osteoporosis

Gout

Medication-induced stones (indinavir, acetazolamide, triam-
terene, topiramate, ephedrine)

patients, regardless of the underlying cause of the
stone disease and metabolic abnormality. After a few
months of conservative management, patients should
be re-evaluated. If the metabolic abnormalities have
been corrected, conservative therapy can be continued.
However, if the metabolic abnormalities persist, a more
selective medical therapy should be instituted.

Fluid Intake
Low urinary volume is the most common abnormal-
ity (50% combined occurrence) seen on evaluation of
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Table 3. Extensive Evaluation of High-risk, First-time, or Recurrent Stone Formers

Blood Urine
SMA PTH Calcium Uric Acid Calcium Creatinine Volume Oxalate Citrate Volume Oxalate Cystine
Visit 1 X X X X X X X X X X X X
Visit 2 X X X X X X X X X X
Fast X X
Load X X

SMA = Spinal muscular atrophy, PTH = Parathyroid hormone

Table 4. Normal Concentration of Urinary Constituents in
24-hour Urine Specimen
24-hour Urinary
Urinary Constituent Concentration
Calcium <250 mg
Oxalate <45 mg
Citrate >320 mg
Magnesium >60 mg
Phosphate <1100 mg
Uric acid <700 mg
Cystine <250 mg
Urine volume >2000 ml
pH 5.5-7.0

patients with nephrolithiasis.’o Low urine volume can
result from environmental factors such as inadequate
fluid intake and dehydration, and also from malab-
sorptive bowel disorders that result in excessive fecal
fluid losses. A consistently high fluid intake is the most
effective means of reducing urinary supersaturation,’
and failure to increase urine output is 1 of 3 strong pre-
dictors of relapse observed in a dedicated stone clinic.1#
A daily urine output >2 L is targeted. This can be
accomplished by drinking more than 2.5 L/day, distrib-
uted throughout the day. At least 8-10 ounces of fluid
should be ingested at bedtime, because urinary concen-
tration usually occurs during sleep. A larger amount of
fluids must be consumed if there is excessive sweating,
diarrhea, or vomiting, and in patients whose urinary
risk factors cannot be satisfactorily controlled with tar-
geted nutrition therapy and/or pharmacologic therapy.
In these patients, higher urine output—exceeding the
2 L/day cutoff—is necessary to maintain suitably low
urinary supersaturation in the face of a high concentra-
tion of crystal promoters. Similarly, patients on medica-
tions known to increase risk for urinary stones should be
advised to aim for a higher urine output.

Although water hardness can alter urinary parame-
ters, it appears to have little effect on clinical outcomes.
Carbonated water has been shown to protect against re-
current stone formation.’s Epidemiologic studies have
demonstrated that people who consumed high volumes
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of water, caffeinated or decaffeinated coffee, tea, beer,
and wine have a decreased risk of nephrolithiasis.’s In
those with suboptimal dietary calcium intakes, con-
sumption of caffeinated beverages should be limited to
offset the modest hypercalciuric effect of caffeine.l”

Animal Protein and Acid-base Balance of Dier

Dietary protein of animal origin provides an acid
load to the body; increases urinary calcium, oxalate,
and uric acid excretion; reduces citrate excretion and
urinary pH; and increases probability of stone forma-
tion, even in normal subjects.!s-19 Animal protein restric-
tion has been shown to decrease urinary calcium, phos-
phate, uric acid, and oxalate excretion.20 Strategies to
accomplish a reduction in animal protein intake include
reduced portion sizes as well as reduced frequency of
intake throughout the week.

In all stone-forming patients, we recommend a diet
rich in fruits and vegetables (>5 servings/day). The
potassium content of these foods will counteract the
high acid load of the typical Western diet. Additionally,
fruits and vegetables provide other nutrients and com-
pounds that are associated with reduced stone risk,?! in-
cluding magnesium, phytate, fiber, citric acid, and many
non-nutrient antioxidants.

Oxalate

Reduced oxalate intake is recommended for patients
with hyperoxaluria. Foods known to cause a high uri-
nary excretion of oxalate include tea (both green and
black), nuts, chocolate and cocoa, spinach, beets, rhu-
barb, and soybeans and soy foods (eg, tofu).2223 Dietary
fat intake should be reduced since fat may enhance oxa-
late absorption.2# Vitamin C supplementation should be
restricted to <1000 mg/day, if at all, as it is metabolized
to oxalate.?s Other nutritional supplements, such as
cranberry tablets?s and supplements containing concen-
trated plant derivatives may confer a high oxalate load
and should be avoided. Recently, a study in calcium
oxalate stone formers revealed that a subset developed
hyperoxaluria as a result of a high meat intake.?” The
role of meat intake in the development of hyperoxaluria
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Table 5. Classification of Patients Based on 24-hour Urine Evaluation
Ca Ca Ca

Ca P PTH Fasting Load Restricted UA Ox Cit pH Mg
Absorptive hypercalciuria type 1 N N N N 1 1 N N N N N
Absorptive hypercalciuria type 2 N N N N il N N N N N N
Renal hypercalciuria N N 1 1 1 1 N N N N N
Primary hyperparathyroidism 1 | 1 1 i T N N N N N
Unclassified hypercalciuria N N/| N 1 1 1 N N N N N
Hyperuricosuria N N N N N N i N N N N
Enteric hyperoxaluria N/| N/| N/| l l l l i l N N
Hypocitraturia N N N N N N N N l N N
Renal tubular acidosis N N N/t 1 N N/t N N l N/t N
Hypomagnesiuria N N N N N N N/| N l N l
Gouty diathesis N N N N N N N/t N N/ ! N
Infection lithiasis N N N N N N N N l i N
Ca = Calcium, P = Phosphorus, PTH = Parathyroid hormone, UA = Urinalysis, Ox = Oxalate, Cit = Citrate, Mg = Magnesium.
N = Norrmal, 1 = Increased, | = Decreased.

warrants further attention.

Patients in whom hyperoxaluria cannot be con-
trolled with dietary oxalate restriction and those with
enteric hyperoxaluria should be managed by optimiz-
ing calcium intake. This can be done by ensuring they
meet the adequate intake (AI) for calcium (between
1000-1200 mg/day for adults) and that it is distributed
throughout the day with meals. Calcium acts by bind-
ing with oxalate in the gastrointestinal tract, forming an
insoluble complex.

Calcium

In 1 prospective study, dietary calcium was inversely
associated with the risk of kidney stones.2s However,
similar results were not seen with calcium supplementa-
tion.?? Thus, a normal calcium intake from foods may
be continued per the Al in almost all stone forming
patients. A severe calcium restriction may increase oxa-
late absorption, thereby raising the supersaturation of
calcium oxalate.28-2 Calcium supplementation should
be considered mainly in those whose dietary calcium is
suboptimal and in enteric hyperoxaluria.3

Sodium

Dietary sodium has been shown to increase urinary
calcium and pH and decrease citrate excretion. In a
prospective, randomized study, Borghi and colleagues
demonstrated that patients on a low-animal protein (52
g/day), low-sodium (1150 mg/day), and moderate-cal-
cium (1200 mg/day) diet had a 50% reduction in stone
events compared to those on a low-calcium (400 mg/
day) diet.3t Sodium intake should be restricted in all
stone formers to <200 mEq (4600 mg)/day and even
less in those with hypercalciuria. The Estimated Safe
and Adequate Daily Dietary Intake range for sodium,
determined to meet the needs of most healthy adults,

is 1100-3300 mg/day. We believe in aggressive nutri-
tion counseling to identify foods contributing most to
sodium intake as sodium added to foods, either during
cooking or at the table, accounts for far less than half
of total sodium intake among Americans.?? As sodium
counteracts the ability of thiazide to control hypercalci-
uria, patients on this therapy especially should be coun-
seled about sodium restriction.

Dietary Citrate

Specific fruits and fruit juices are rich sources of citric
acid. The juice of lemons and limes are most concen-
trated with citric acid. Other fruit juices like orange,
grapefruit, apple, and black currant juice contain appre-
ciable citric acid as well and may also increase urinary
citrate by providing an alkali load. However, orange,
grapefruit, and black currant juice also raise urinary
oxalate,33+ potentially offsetting the crystal inhibitory
effect of the citric acid. Moreover, fruit juices generally
provide ample carbohydrate and kilocalories, excessive
intake of which should be avoided to maintain appro-
priate weight. In all patients forming calcium stones, we
consisting of 4 ozs/day
of lemon or lime juice—either squeezed from the fresh
fruit or in their concentrated forms—providing about
6 g of citric acid.?s Alternatively, 32 ozs/day of a low-
sugar, low-calorie lemonade or limeade product pro-

>

consider “lemonade therapy,’

vides a similar amount of citric acid and has the added
benefit of adding to total fluid intake, enhancing urine
volume and reducing urinary supersaturation of crys-
talloids. This therapy does not replace the need for the
alkali load delivered by ample fruits and vegetables.

Obesiry
Obesity is an independent risk factor for urinary calcul,
especially in women.36 Obese patients are known to have
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increased urinary excretion of sodium, calcium, sul-
fate, phosphate, oxalate, uric acid, and cystine, and also
likely to have a more acidic urine, which may explain
the increased incidence of uric acid calculi. Although
obese patients should be advised to lose weight, certain
weight-reduction diets should be avoided, particularly
those such as the Atkins diet (which is low-carbohy-
drate, high-protein, and high-fat), which delivers a
marked acid load to the kidney, further increasing the
risk for stone formation and bone loss.3”

SELECTIVE MEDICAL THERAPY

FOR RECURRENT NEPHROLITHIASIS

If physiochemical aberrations are seen on the 24-hour
urine evaluation, selective medical therapy can be insti-
tuted to correct these disturbances and prevent future
stone formation. The commonly used medications, their
indications, doses, and side effects are listed in Table 6.

Absorptive Hypercalciuria

No medical treatment is capable of correcting the basic
abnormality of absorptive hypercalciuria type 1. Due
to their cost-effectiveness and lower incidence of side
effects, thiazides may be utilized as first-line therapy.
Appropriate dietary restriction of calcium and oxa-
late, combined with thiazide and potassium citrate, can
decrease the stone formation rate from 2.94 to 0.05 per
year.® However, thiazides may have limited long-term
effectiveness in this condition.3 About 30%-35% of
patients on thiazides will experience side effects, most
of which are mild in nature. Although sodium cellulose
phosphate can reduce the stone events by 78%,% it is
associated with an extremely high rate of gastrointesti-
nal distress. Its use should be restricted only to patients
with severe absorptive hypercalciuria type 1 who are
resistant to or intolerant of thiazide therapy.

Patients on this medication should be on a low-
oxalate diet and supplemented with magnesium since
magnesium depletion can occur due to the binding of
magnesium and secondary hyperoxaluria can occur
due to the binding of divalent cations in the intestinal
tract.# Orthophosphates have been shown to inhibit
1,25-dihydroxyvitamin D synthesis,* decrease urinary
calcium, and increase urinary citrate and phosphate.#
However, there is no convincing evidence that this treat-
ment restores normal intestinal calcium absorption in
absorptive hypercalciuria type 1. It may be specifically
indicated in absorptive hypercalciuria type 3 (vitamin
D dependent). We do not routinely use sodium cellu-
lose phosphate or orthophosphates for management of
absorptive hypercalciuria in our metabolic stone clinic.
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Patients with absorptive hypercalciuria type 2 can be
managed conservatively with a normal calcium intake,
high fiber diet, and high fluid intake. No specific drug
treatment may be necessary since the physiologic defect
is not as severe as in absorptive hypercalciuria type 1.

Renal Hypercalciuria

Thiazide diuretics are the treatment of choice for renal
hypercalciuria as they correct the renal leak of cal-
cium by augmenting calcium reabsorption in the distal
tubule. With prolonged therapy, they cause extracellular
volume depletion, which leads to stimulation of proxi-
mal tubular reabsorption of calcium. Long-term efficacy
has been reported.® To avoid hypokalemia, patients
on thiazides should be either supplemented with potas-
sium citrate or started on a potassium-sparing diuretic
like amiloride.

Resorptive Hypercalciuria

Resorptive hypercalciuria is an infrequent abnormality
commonly associated with primary hyperparathyroid-
ism. Primary hyperparathyroidism is the most common
cause of hypercalcemia in an outpatient setting, and is
associated with nephrolithiasis in <5% of affected indi-
viduals.# However, the diagnosis should be suspected
in patients with nephrolithiasis and serum calcium lev-
els >10.1 mg/dL. An assay for intact PTH can help dis-
tinguish patients with hyperparathyroidism from those
with other causes of hypercalcemia. Parathyroidectomy
is the treatment of choice for patients with primary
hyperparathyroidism and nephrolithiasis.

Hyperuricosuric Calcium Oxalate Nephrolithiasis

Patients with hyperuricosuric calcium oxalate neph-
rolithiasis have monosodium urate-induced calcium
crystallization. Hyperuricosuria
with dietary purine overindulgence (purine gluttony)
may be treated with dietary purine restriction. Patients
with refractory disease can be treated with allopurinol
or by urinary alkalanization with potassium citrate. In
a double-blinded, prospective, randomized, controlled
trial, allopurinol was shown to have a stone formation
rate of 0.12 per patient per year compared to 0.26 in

oxalate associated

the placebo group.# Similarly, in another study, potas-
sium citrate decreased stone formation from 1.55 to 0.38
per patient-year during a mean treatment period of 2.35
years.* Potassium citrate may be particularly useful in
patients with mild to moderate hyperuricosuria (<800
mg/day), especially if hypocitraturia is also present.

Enteric Hyperoxaluria
Oral administration of large amounts of calcium or
magnesium, taken with meals, should be recommended
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Table 6. Common Medications Used for Medical Management of Urinary Calculi

Medication Indications Mechanism of Action Dose Side-effects
Thiazide diuretics Hypercalciuria Stimulates calcium 25 mg bid Potassium wasting,
Hydrochlorothiazide (all causes) resorption in the distal muscle cramps,
Chlorthalidone nephron, prolonged 25-50 mg daily hyperuricosuria,
Indapamide therapy results in volume 2.5 mg daily intracellular acidosis,

depletion and proximal hypocitraturia,
tubular resorption umasking of hyper-
of calcium parathyroidism,
sexual dysfunction
Sodium cellulose Severe absorptive Binds intestinal calcium 10-15 g/day Gastrointestinal
phosphate hypercalciuria and inhibits absorption divided with distress, hyperoxaluria,
meals hypomagnesemia,
parathyroid
hormone stimulation
Orthophosphate Absorptive Inhibits vitamin D 0.5 g tid Similar to sodium
hypercalciuria synthesis, impairs renal cellulose phosphate,
tubular reabsorption of soft tissue calcifica-
calcium, binds calcium tion, brushite stone
in the Gl tract, increase formation
urinary pyrophosphate
Potassium citrate Thiazide therapy, Increases urinary 20 mEq bid-tid  Gastrointestinal upset,
hypocitraturia, citrate and pH, hyperkalemia
hyperuricosuria, decreases urinary
gouty diathesis, calcium. Corrects
cystinuria, enteric metabolic acidosis
hyperoxaluria and supplements potassium
Allopurinol Hyperuricosuria, Inhibits xanthine 300 mg daily Rash, myalgia
gouty diathesis oxidase which converts
xanthine to uric acid,
thus decreasing serum
and urine uric acid levels
Magnesium Hypomagnesuria, Increases urinary 0.5-1.0 g tid Diarrhea
adjunct to sodium magnesium and citrate,
cellulose phospate decreases urinary oxalate
D-Penicillamine Refractory cystinuria Chelates cystine 250 mg daily Nephrotic syndrome,

a-mercaptopropionyl!
glycine

Captopril

Acetohydroxamic
acid

Cystinuria

Cystinuria

Infection stones

Chelates cystine

Chelates cystine

Inhibits urease
and reduces the
urine saturation
of struvite

(titrate to effect)

100 mg bid
(titrate to effect)

25 mg bid-tid

250 mg bid-tid

dermatitis, pancytope-
nia

Rash, asthenia, Gl
distress, rheumatologic
complaints, mental
status changes

Rash, cough,
hypotension

Thromboembolism,
tremor, headache,
palpitations, Gl distress,
loss of taste, rash,
alopecia, anemia,
edema, abdominal pain

Bid=2 times per day; Tid=3 times per day; Gl=gastrointestinal.
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to prevent oxalate absorption from foods.® However,
the concurrent rise in urinary calcium may occasionally
obviate the beneficial effect of this therapy. Calcium cit-
rate may be the optimum salt as it may raise urinary
citrate excretion and urine pH.# Cholestyramine may
be used as well because it binds bile salts in the bowel
lumen, thereby decreasing the irritation of the colonic
mucosa and the subsequent hyperabsorption of ox-
alate.# Magnesium gluconate should be given to patients
with hypomagnesuria from chronic malabsorption
because it is better tolerated than other magnesium
products. Potassium citrate may correct the hy-
pokalemia and metabolic acidosis associated with severe
enteric hyperoxaluria. The liquid form of this medica-
tion should be used because it is better absorbed than the
slow-release, wax matrix pills. A high fluid intake and an
antidiarrheal agent may be necessary to ensure adequate
urine volume. Dietary modifications include decreasing
dietary fat and oxalate intake.

Hypocitraturic Calcium Oxalate Nephrolithiasis
Hypocitraturia is a common metabolic abnormality seen
in 50% of patients with nephrolithiasis.?* Hypocitraturia
from distal renal tubular acidosis can be managed with
potassium citrate therapy, which is capable of correct-
ing the metabolic acidosis and hypokalemia and restor-
ing normal urinary citrate levels in larger doses (up to
120 mEq/day). Potassium citrate can also be utilized
for treatment of hypocitraturia due to chronic diarrheal
states, thiazide therapy, and idiopathic hypocitraturia.
Citrate supplementation with lemonade® and orange
juice® has also been shown to increase urinary citrate
excretion.

Hypomagnesiuric Calcium Nephrolithiasis
Hypomagnesiuric calcium nephrolithiasis is character-
ized by low urinary magnesium level, hypocitraturia,
and low urine volume. Management includes increasing
urinary magnesium levels with a magnesium salt and
correction of the hypocitraturia with potassium citrate.
Magnesium oxide and magnesium hydroxide are the
mostly commonly used form of magnesium. Both are
poorly absorbed and produce only a slight decrease in
urinary oxalate and a modest increase in urinary mag-
nesium. Urinary calcium and citrate levels are increased
during magnesium oxide supplementation,* and thus
urine saturation of calcium oxalate is not significantly
lowered.

Older studies have shown that magnesium therapy
is associated with decreased stone recurrence. Ettinger
reported a double-blinded, randomized trial of potas-
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silum-magnesium citrate versus placebo and showed
that 12.9% versus 63.6%, respectively, developed cal-
culi.# However, this product is currently not available
for use in the United States.

Gouty Diathesis

The abnormality in
patients with uric-acid stones is not hyperuricosuria, but
increased urinary acidity followed by low urinary vol-
ume. These patients should be managed with hydration
and potassium citrate at a dose sufficient to maintain
urine pH of approximately 6.5. Attempts at alkaliniza-
tion to a pH higher than 7.0 should be avoided because
it is associated with an increased risk of calcium phos-
phate stone formation. If the urinary uric acid excre-
tion is persistently elevated or hyperuricemia exists,
allopurinol (300 mg/day) should be added. Allopurinol
is also preferred in patients with marked hyperuricos-
uria (>1000 mg/day).

most common metabolic

Cystinuria

The goal of treatment of cystinuria is to keep the urine
concentration of cystine below its solubility limit (200
to 300 mg/L). This can be done initially by increasing
the urine volume by high fluid intake. Dietary manipu-
lation with a low-methionine diet is rarely successful;
however, dietary sodium should be restricted since it can
lead to increased urinary cystine excretion.®® Solubility
of cystine can be increased to 400 mg/L by alkalinizing
the urine with potassium citrate to a pH of 7.0. Further
alkalinization up to the pKa of cystine (8.3) can be dif-
ficult and risky. Failure of these conservative measures
requires therapy with chelating agents, which have a
sulthydryl group that forms a disulfide bond with cys-
tine (cysteine). Due to better tolerability, o-mercapto-
propionylglycine is preferred over D-penicillamine.
Captopril can be used as well; however, there are no
long-term clinical trials demonstrating its effectiveness.

Infection Stones

Complete surgical removal of all infected stone material
is essential for the prevention of recurrent struvite stone
formation. Long-standing effective control of infec-
tion can be achieved by preventing bladder infections,
achieving adequate urine drainage, and appropriate use
of suppressive antibiotics. Although acetohydroxamic
acid can effectively inhibit urease, its use should be
reserved for patients who are not candidates for surgery
because of the risk of serious side effects.

SUMMARY

All urolithiasis patients should undergo a basic evalua-
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tion in order to rule out treatable systemic causes. All

recurrent stone formers should have a more extensive
metabolic evaluation based on 24-hour urine samples. A
significant number of patients may be able to normalize
their urinary risk factors using conservative, nonspe-

cific preventive measures. Selective medical therapy tai-
lored to the individual patient’s metabolic evaluation is
effective in preventing new stone formation. However,
continued compliance of patients and a commitment by
the physician to provide long-term follow-up and care

are vital.

Funding/Support: None declared.
Financial Disclosures: None declared.

REFERENCES

1.

2.

10.

1.

12.

13.

14.

15.

16.

Pearle MS, Calhoun EA, Curhan GC. Urologic diseases in
America project: urolithiasis. J Urol. 2005;173:848-857.
Stamatelou KK, Francis ME, Jones CA, Nyberg LM, Curhan
GC. Time trends in reported prevalence of kidney stones

in the United States: 1976-1994. Kidney Int. 2003;63:1817-
1823.

Parks JH, Coe FL. The financial effects of kidney stone pre-
vention. Kidney Int. 1996;50:1706-1712.

Ljunghall S, Danielson BG. A prospective study of renal
stone recurrences. Br J Urol. 1984;56:122-124.

Strohmaier WL. Course of calcium stone disease without
treatment. what can we expect? Eur Urol. 2000;37:339-344.
Pearle MS, Roehrborn CG, Pak CY. Meta-analysis of ran-
domized trials for medical prevention of calcium oxalate
nephrolithiasis. J Endourol. 1999;13:679-685.

Pak CY, Poindexter JR, Peterson RD, Heller HJ. Biochemical
and physicochemical presentations of patients with brushite
stones. J Urol. 2004;171:1046-1049.

Leusmann DB, Niggemann H, Roth S, von Ahlen H.
Recurrence rates and severity of urinary calculi. Scand J Urol
Nephrol. 1995;29:279-283.

Pak CY, Britton F, Peterson R, et al. Ambulatory evaluation of
nephrolithiasis. Classification, clinical presentation and diag-
nostic criteria. Am J Med. 1980;69:19-30.

Levy FL, Adams-Huet B, Pak CY. Ambulatory evaluation of
nephrolithiasis: an update of a 1980 protocol. Am J Med.
1995;98:50-59.

Pak CY, Peterson R, Poindexter JR. Adequacy of a single
stone risk analysis in the medical evaluation of urolithiasis. J
Urol. 2001;165:378-381.

Parks JH, Goldfisher E, Asplin JR, Coe FL. A single 24-hour
urine collection is inadequate for the medical evaluation of
nephrolithiasis. J Urol. 2002;167:1607-1612.

Parks JH, Coward M, Coe FL. Correspondence between
stone composition and urine supersaturation in nephrolithia-
sis. Kidney Int. 1997;51:894-900.

Strauss AL, Coe FL, Deutsch L, Parks JH. Factors that pre-
dict relapse of calcium nephrolithiasis during treatment: a
prospective study. Am J Med. 1982;72:17-24.

Caudarella R, Rizzoli E, Buffa A, Bottura A, Stefoni S.
Comparative study of the influence of 3 types of mineral
water in patients with idiopathic calcium lithiasis. J Urol.
1998;159:658-663.

Curhan GC, Willett WC, Speizer FE, Stampfer MJ. Beverage
use and risk for kidney stones in women. Ann Intern Med.
1998;128:534-540.

WISCONSIN MEDICAL JOURNAL

17.

18.
19.
20.

21.

22.
23.

24.
25.
26.
27.

28.
29.

30.
31.

32.

33.

34.

35.

Heaney RP. Effects of caffeine on bone and the calcium
economy. Food Chem Toxicol. 2002;40:1263-1270.

Fellstrom B, Danielson BG, Karlstrom B, Lithell H, Ljunghall S,
Vessby B. The influence of a high dietary intake of purine-rich
animal protein on urinary urate excretion and supersaturation
in renal stone disease. Clin Sci (Lond). 1983;64:399-405.

Pak CY, Barilla DE, Holt K, Brinkley L, Tolentino R, Zerwekh
JE. Effect of oral purine load and allopurinol on the crystal-
lization of calcium salts in urine of patients with hyperuricosu-
ric calcium urolithiasis. Am J Med. 1978;65:593-599.
Giannini S, Nobile M, Sartori L, et al. Acute effects of mod-
erate dietary protein restriction in patients with idiopathic
hypercalciuria and calcium nephrolithiasis. Am J Clin Nutr.
1999;69:267-271.

Meschi T, Maggiore U, Fiaccadori E, et al. The effect of fruits
and vegetables on urinary stone risk factors. Kidney Int.
2004;66:2402-2410.

Massey LK, Palmer RG, Horner HT. Oxalate content

of soybean seeds (Glycine max: Leguminosae), soy-

foods, and other edible legumes. J Agric Food Chem.
2001;49:4262-4266.

Massey LK, Roman-Smith H, Sutton RA. Effect of dietary
oxalate and calcium on urinary oxalate and risk of forma-
tion of calcium oxalate kidney stones. J Am Diet Assoc.
1993;93:901-906.

Naya Y, Ito H, Masai M, Yamaguchi K. Effect of dietary intake
on urinary oxalate excretion in calcium oxalate stone formers
in their forties. Eur Urol. 2000;37:140-144.

Baxmann AC, De OGMC, Heilberg IP. Effect of vitamin C
supplements on urinary oxalate and pH in calcium stone-
forming patients. Kidney Int. 2003;63:1066-1071.

Terris MK, Issa MM, Tacker JR. Dietary supplementation with
cranberry concentrate tablets may increase the risk of neph-
rolithiasis. Urology. 2001;57:26-29.

Nguyen QV, Kalin A, Drouve U, Casez JP, Jaeger P.
Sensitivity to meat protein intake and hyperoxaluria in idio-
pathic calcium stone formers. Kidney Int. 2001;59:2273-2281.
Curhan GC, Willett WC, Rimm EB, Stampfer MJ. A pro-
spective study of dietary calcium and other nutrients and

the risk of symptomatic kidney stones. N Engl J Med.
1993;328:833-838.

Curhan GC, Willett WC, Speizer FE, Spiegelman D,
Stampfer MJ. Comparison of dietary calcium with supplemen-
tal calcium and other nutrients as factors affecting the risk for
kidney stones in women. Ann Intern Med. 1997;126:497-504.
Worcester EM. Stones from bowel disease. Endocrinol
Metab Clin North Am. 2002;31:979-999.

Borghi L, Schianchi T, Meschi T, et al. Comparison of 2 diets
for the prevention of recurrent stones in idiopathic hypercal-
ciuria. N Engl J Med. 2002;346:77-84.

Loria CM, Obarzanek E, Ernst ND. Choose and prepare
foods with less salt: dietary advice for all Americans. J Nutr.
2001;131:536S-551S.

Honow R, Laube N, Schneider A, Kessler T, Hesse A.
Influence of grapefruit-, orange- and apple-juice consump-
tion on urinary variables and risk of crystallization. Br J Nutr.
2003;90:295-300.

Kessler T, Jansen B, Hesse A. Effect of blackcurrant-,
cranberry- and plum juice consumption on risk factors as-
sociated with kidney stone formation. Eur J Clin Nutr.
2002;56:1020-1023.

Seltzer MA, Low RK, McDonald M, Shami GS, Stoller ML.
Dietary manipulation with lemonade to treat hypocitraturic
calcium nephrolithiasis. J Urol. 1996;156:907-909.

Wisconsin Medical Journal 2008 - Volume 107, No. 2 99




36.

37.

38.

39.

40.

41.

42.

43.

100

Taylor EN, Stampfer MJ, Curhan GC. Obesity, weight gain,
and the risk of kidney stones. JAMA. 2005;293:455-462.
Reddy ST, Wang CY, Sakhaee K, Brinkley L, Pak CY. Effect
of low-carbohydrate high-protein diets on acid-base balance,
stone-forming propensity, and calcium metabolism. Am J
Kidney Dis. 2002;40:265-274.

Pak CY, Heller HJ, Pearle MS, Odvina CV, Poindexter JR,
Peterson RD. Prevention of stone formation and bone loss in
absorptive hypercalciuria by combined dietary and pharma-
cological interventions. J Urol. 2003;169:465-469.

Preminger GM, Pak CY. Eventual attenuation of hypocalciuric
response to hydrochlorothiazide in absorptive hypercalciuria.
J Urol. 1987;137:1104-1109.

Pak CY, Peters P, Hurt G, et al. Is selective therapy of recur-
rent nephrolithiasis possible? Am J Med. 1981;71:615-622.
Insogna KL, Ellison AS, Burtis WJ, Sartori L, Lang RL,
Broadus AE. Trichlormethiazide and oral phosphate

therapy in patients with absorptive hypercalciuria. J Urol.
1989;141:269-274.

Heller HJ, Reza-Albarran AA, Breslau NA, Pak CY. Sustained
reduction in urinary calcium during long-term treatment with
slow release neutral potassium phosphate in absorptive hy-
percalciuria. J Urol. 1998;159:1451-1456.

Rizzoli R, Bonjour JP. Management of disorders of calcium
homoeostasis. Baillieres Clin Endocrinol Metab. 1992;6:129-
142,

WISCONSIN MEDICAL JOURNAL

44,
45,

46.
47.

48.

49.

Ettinger B, Tang A, Citron JT, Livermore B, Williams T.
Randomized trial of allopurinol in the prevention of calcium
oxalate calculi. N Engl J Med. 1986;315:1386-1389.

Pak CY, Sakhaee K, Fuller C. Successful management of
uric acid nephrolithiasis with potassium citrate. Kidney Int.
1986;30:422-428.

Harvey JA, Zobitz MM, Pak CY. Calcium citrate: reduced
propensity for the crystallization of calcium oxalate in urine
resulting from induced hypercalciuria of calcium supplemen-
tation. J Clin Endocrinol Metab. 1985;61:1223-1225.
Caspary WF, Tonissen J, Lankisch PG. 'Enteral’ hyperox-
aluria. Effect of cholestyramine, calcium, neomycin, and
bile acids on intestinal oxalate absorption in man. Acta
Hepatogastroenterol (Stuttg). 1977;24:193-200.

Tiselius HG, Ahlstrand C, Larsson L. Urine composition in
patients with urolithiasis during treatment with magnesium
oxide. Urol Res. 1980;8:197-206.

Ettinger B, Pak CY, Citron JT, Thomas C, Adams-Huet B,
Vangessel A. Potassium-magnesium citrate is an effective
prophylaxis against recurrent calcium oxalate nephrolithiasis.
J Urol. 1997;158:2069-2073.

Norman RW, Manette WA. Dietary restriction of sodium as
a means of reducing urinary cystine. J Urol. 1990;143:1193-
1195.

W isconsin Medical Journal 2008 - Volume 107, No. 2




advancing the art & science of medicine in the midwest

WMJ (ISSN 1098-1861) is published through a collaboration between The Medical
College of Wisconsin and The University of Wisconsin School of Medicine and Public
Health. The mission of WM. is to provide an opportunity to publish original research,
case reports, review articles, and essays about current medical and public health
issues.

© 2008 Board of Regents of the University of Wisconsin System and The Medical
College of Wisconsin, Inc.

Visit www.wmjonline.org to learn more.






