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Kidney stones are rarely, if ever, fatal. The main im-
pact of nephrolithiasis is felt by young, otherwise
healthy adults in the form of acute renal colic,

causing symptoms of pain, nausea, vomiting and hematuria.
The estimated cost of this condition in the United States
for 1993 was US$1.83 billion.1 The lifetime risk of passing
a kidney stone is about 8%–10% among North American
males, and the peak age of incidence is 30 years. The rate
of kidney stone formation in women is about half that in
men, with 2 peaks, the first among women aged 35 years
and the second among those aged 55 years.2 Among pa-
tients who have passed one kidney stone, the lifetime recur-
rence rate is 60%–80%.2 There is significant geographic
and seasonal variation in rates of stone formation. The rea-
sons for this variation are not entirely clear, but they may
relate to climate and the mineral content of drinking water.
The frequency of kidney stones (notably calcium oxalate
stones) has increased with improved standards of living.2

This review will not concentrate on the acute manage-
ment of nephrolithiasis but deals with the investigation and
management of recurrent nephrolithiasis.

Pathophysiology

Kidney stone formation is the end result of a physico-

chemical process that involves nucleation of crystals from a
supersaturated solution. The common constituents of kid-
ney stones are listed in Table 1. The factors that influence
crystal generation are urine volume, concentration of stone
constituents (a function of urine volume), the presence of a
nidus and the balance among various physicochemical fac-
tors that inhibit or promote stone formation.

Most people’s urine is supersaturated with the common
components of renal stones, including calcium phosphate,
calcium oxalate and, frequently, uric acid. Supersaturation
of the urine constitutes a driving force within the solution
favouring crystal nucleation and growth.
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Case 1
A 60-year-old man is discharged from hospital after his second bout of renal colic in 2 years.
Both times, he passed a stone without any need for surgical intervention. There is no other rel-
evant history. The stones were analyzed biochemically and found to be composed of pure cal-
cium oxalate. Imaging studies do not suggest the presence of residual calculi in the renal tract.
The patient is, understandably, reluctant to pass any more kidney stones. The results of rele-
vant laboratory investigations are as follows: serum biochemistry normal, urine volume 1.75 L
over 24 hours, urinary calcium excretion 2.9 mmol/day, urinary phosphate excretion
24 mmol/day, urinary uric acid excretion 5.5 mmol/day, urinary oxalate excretion 270 µmol/day
and urinary citrate excretion 0.6 mmol/day. The patient asks you what the probable cause is
of his recurrent nephrolithiasis. What medication could be prescribed to help him and what
side effects could he anticipate? What other measures could the patient take to reduce his risk
of stone recurrence?
Case 2
A 55-year-old woman with recurrent uric acid stones has begun treatment with potassium
citrate, 60 mEq/day, in divided doses and allopurinol, 300 mg/day. She finds the potassium ci-
trate unpalatable but, on your advice, agrees to continue the medication. She comes to your of-
fice 10 days after starting the medications describing general malaise, weakness, mild dyspha-
gia and nausea. She has a generalized rash and some oral ulcers. What are the side effects of
the prescribed medication? What is your diagnosis? What measures would you recommend?
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Table 1: Crystalline composition of renal calculi and
their frequency

Composition Frequency, %

Calcium oxalate 60
Calcium oxalate and calcium phosphate 10
Calcium phosphate (brushite) 10
Magnesium ammonium phosphate (struvite) 5–10
Uric acid 5–10
Cystine 1
Other 1
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A great deal of attention has been focused recently on the
interactions between crystals that are being formed and the
cell surfaces in the renal tubules.3,4 The most common con-
stituent of kidney stones, calcium oxalate monohydrate, binds
electrostatically to anionic sites on cell surfaces. Thereafter,
the crystals may be internalized, or they may remain on the
cell surface, which allows further binding and propagation of
the crystals. Soluble anions, such as citrate, may inhibit this
process, as may urinary glycoproteins; these compounds thus
act as inhibitors of the early phase of stone formation.

There is a fine balance in urine among substances that
readily form crystals, such as calcium, oxalate and uric acid;
promoters of crystallization, including pH, stasis and low
volume; and inhibitors of this process, such as high urine
volume and flow, citrate (which forms a complex with cal-
cium to prevent its crystallization with oxalate) and urinary
glycoproteins. The following section outlines how various
factors affect the formation of stones.

Urine volume

One of the most important inhibitors of stone formation
is urine volume. A high volume of urine helps to reduce the
relative supersaturation of the crystal components. In addi-
tion, high volume implies high urine flow rates, which will
tend to wash out any crystals that have formed. The value
of increasing urine volume was demonstrated in a random-
ized clinical trial lasting 5 years.5 In that study, stones re-
curred in only 12 (12%) of the 99 patients who maintained
a urine volume of about 2.6 L/day over 5 years, whereas
stones recurred in 27 (27%) of the 100 patients in the con-
trol group, whose urine volume was about 1.2 L/day (p =
0.008). In addition, the time to recurrence was longer in
the experimental group than in the control group (38.7
[standard deviation 13.2] months v. 25.1 [standard devia-
tion 16.4] months; p = 0.016). The relative risk reduction
ratio for subjects with higher fluid intake (and hence
greater urine volume) was about 0.45. Another study6 has
shown that most fluids consumed (with the possible excep-
tion of grapefruit juice) are associated with a positive effect,
including tea, which contains high levels of oxalate, a factor
that on its own can usually promote nephrolithiasis 

Urinary oxalate

Oxalate is the end product of several metabolic pathways,
including those involving serine, glycine, hydroxyproline and
ascorbate, and is excreted renally. Only about 10%–20% of
urinary oxalate is derived from dietary sources. Foods rich in
oxalate include spinach, cranberries, chocolate and tea.

There is much less oxalate than calcium in urine. There-
fore, changes in oxalate concentration have a greater im-
pact than changes in calcium concentration on the relative
supersaturation of calcium oxalate crystals. Indeed, the rate
of change in supersaturation is 23 times greater for in-
creases in oxalate than for comparable increases in calcium.7

Severe hyperoxaluria, classified as types I and II, is a fea-
ture of rare, inherited hepatic enzyme defects. These con-
ditions typically present with multiple stones in childhood
and may cause renal failure, although presentation in adult-
hood is also possible. In patients with malabsorption syn-
drome because of small-bowel resection or Crohn’s disease,
rapid transit of unbound oxalate through the gastrointesti-
nal tract allows increased colonic absorption of oxalate and
a syndrome of enteric hyperoxaluria.

Urinary calcium

Hypercalciuria is present in about half of patients with
recurrent kidney stones. The most common reason appears
to be enhanced gastrointestinal absorption of calcium, so-
called absorptive hypercalciuria. The mechanism of the hy-
perabsorption is not known, but it appears to be inherited in
an autosomal dominant fashion. It has been postulated that
hyperresponsiveness to vitamin D in the jejunal mucosa is
responsible (for a review of this phenomenon, see Asplin
and colleagues2). Absorptive hypercalciuria is very common,
but most people with this anomaly are asymptomatic and do
not experience stone formation. A moderate calcium intake
(1 g/day) may in fact be reasonable for patients, because a
low-calcium diet may actually permit greater oxalate ab-
sorption from the bowel and thus lead to hyperoxaluria.

In about 5% of individuals with recurrent stone forma-
tion, primary hyperparathyroidism is the cause of hypercal-
ciuria, so-called resorptive hypercalciuria. A renal calcium
leak with resulting secondary hyperparathyroidism is seen
in a further 2% of those with recurrent stone formation.

Uric acid

Uric acid is the end product of purine metabolism. It
can be derived from dietary sources such as meat and fish
or through endogenous production during cell turnover.

Pure uric acid stones are relatively rare, but they tend to
recur in anyone who does have this type of stone. They
form primarily in acid urine (pH < 5.5) and are unlikely to
form if urine pH is above 6.5.

A number of inborn errors of metabolism are associated
with excessive synthesis of uric acid.8 Hyperuricosuria is
also important in the pathogenesis of calcium-containing
stones, because uric acid crystals can act as a nidus for cal-
cium oxalate precipitation.

Citrate

Citrate is derived from both endogenous (tricarboxylic
acid cycle) and exogenous sources (citrus fruits such as or-
anges and grapefruit), however, the bulk of urinary citrate is
the result of renal tubular cell excretion. In the presence of
intracellular acidosis and hypokalemia, renal tubular citrate
excretion is decreased. Hypocitraturia is a common, cor-
rectable cause of recurrent stone formation (pure calcium
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phosphate [brushite] stones). Hypocitraturia is also a fre-
quent isolated finding in individuals with recurrent calcium
stones.9 Urinary citrate forms a complex with calcium and
inhibits early and late stages of crystal formation and propa-
gation. Low levels of urinary citrate are seen in patients with
systemic acidosis (including renal tubular acidosis), chronic
diarrhea and hypokalemia, or it may occur idiopathically.
Diets rich in animal protein lead to increased secretion of
acid by the kidney and reduction of urinary citrate.

Stasis and infection

Crystal precipitation is more likely in stagnant urine. Cal-
culi frequently form in areas of the pelvicalyceal system that do
not drain adequately. Infection of the urine also predisposes to
stone formation. Urea-splitting organisms such as Proteus,
Klebsiella, Serratia and Mycoplasma create alkaline urine and
thus enhance the production of magnesium ammonium
phosphate (struvite) stones. These stones present a special
therapeutic challenge, because they are themselves infected.

Urinary glycoproteins

A number of urinary glycoproteins have been identified as
inhibitors of the process of calcium oxalate stone formation
at various stages of development in vitro (reviewed in
Khan10). These include Tamm-Horsfall protein, bikunin,
nephrocalcin and a urinary form of prothrombin fragment 1.
The physiologic role of these agents is the subject of intense

investigation, as it is hoped that better understanding of their
mode of action may lead to new therapeutic strategies.

Investigations

Some controversy exists about the extent of investigation
required after the passage of a single stone. Because the rate
of recurrence is high, some experts favour an exhaustive
evaluation for anyone who has passed a stone. Basic investi-
gations for a patient who has passed a kidney stone are listed
in Table 2. However, a comprehensive urinary evaluation
(Table 3) or referral to a “stone specialist” is required for
patients in whom multiple stones are detected clinically or
radiographically (including those with nephrocalcinosis), pa-
tients with cystine or uric acid stones detected by biochemi-
cally testing the stones provided by the patient, those with
anatomic abnormalities of the renal tract and those with a
strong family history of nephrolithiasis.

A number of imaging techniques, including plain abdom-
inal radiography, ultrasonography, intravenous pyelography
(IVP), helical CT scanning and MRI scanning, can be used
to demonstrate stones in the renal tract. Although IVP has
been considered the criterion standard for many years, heli-
cal CT scanning has significant advantages in the setting of
acute renal colic. Where available, helical CT scans can be
performed rapidly, without the use of intravenous contrast,
and can identify other causes of abdominal pain masquerad-
ing as renal colic. The emergency evaluation of kidney
stones has been the subject of a recent review.11 For radio-
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Table 2: Basic investigations for a patient who has passed a kidney stone

History and physical examination Laboratory investigations Radiologic investigations

• Frequency of stone formation • Urinalysis
• Analysis of previous stones (if any)   pH

• Plain abdominal film (kidney, ureter, 
bladder view)

• Presence of recurrent urinary infections   Culture • IVP
• Family history • Serum • Noncontrast CT (if IVP is contraindicated)
     Stone disease   Electrolytes
     Parathyroid disease   Ionized calcium
     Gout   Phosphate

  Bicarbonate• Occupational history, particularly
where excessive sweating occurs   Urea and creatinine

• Dietary history   Uric acid
  Fluid intake
  Calcium and oxalate intake

  PTH (if calcium level is
  high)

  Intake of purine-rich foods • Stone analysis if possible
• Medical and surgical risk factors

  Bowel disease (such as small bowel
  resection or Crohn’s disease) or surgery
  Immobilization
  Sarcoidosis and other conditions

          predisposing to hypercalcemia and
   hypercalciuria

  Medications*

Note: PTH = parathyroid hormone, IVP = intravenous pyelography.
*Including glucocorticoids, theophylline, vitamins C and D, triamterene, indinavir.



216 JAMC • 22 JANV. 2002; 166 (2)

opaque stones, annual radiography can be used to follow the
growth of existing stones and to identify the appearance of
new stones to help determine the efficacy of therapy.

Management of nephrolithiasis

Medical management

Medical interventions for kidney stones can be classified
as general or specific. General measures, which are advis-
able for all patients, include increasing fluid intake to pro-
duce a urine volume of 2–3 L/day. Data on the benefits of
dietary interventions are less conclusive,6,12 and well-
conducted, prospective studies are lacking. Good advice is
to reduce the intake of animal protein and sodium, because
reduction in the renal excretion of sodium will also reduce
renal calcium excretion and thus render the urine less litho-
genic. As described earlier, patients should moderate their
calcium intake to 1 g/day.

These general measures should be instituted in all pa-
tients with recurrent stone formation to take advantage of
the well-recognized phenomenon of the “stone clinic ef-
fect,” which, it has been suggested, can reduce the 5-year
stone recurrence rate by 60%.13 Specific interventions de-
pend on stone type and identifiable factors in the urine that
may increase lithogenicity, as outlined here.

Calcium oxalate stones

A recently published meta-analysis of randomized trials
on preventing the recurrence of calcium oxalate stones sug-
gested that the greatest benefit from pharmacologic inter-
vention is associated with thiazide diuretics.14 Five trials in-
volving thiazide diuretics and a single trial with the closely
related drug indapamide suggested a risk reduction for de-
veloping new stones of 21.3% (95% confidence interval

–29.2% to –13.4%) in the patients receiving medication.
The combination of hydrochlorothiazide, 25–50 mg, with
amiloride, 5 mg, to prevent potassium wasting was appro-
priate. Benefits were seen only after 3 years of treatment, so
therapy should not be abandoned if stones recur early. Less
benefit was conferred by citrate-containing alkalinizing
compounds and allopurinol. However, oral potassium ci-
trate, 30–80 mEq daily, is indicated for patients in whom
hypocitraturia has been detected.

A randomized, placebo-controlled study showed a bene-
fit of allopurinol, 100 mg 3 times daily, in people with hy-
peruricosuria and formation of calcium oxalate stones.15 In
addition to a requirement for both hyperuricosuria and nor-
mocalciuria, patients who were selected for the study had
formed 2 or more calculi in the 5 years before the study and
at least one calculus in the previous 2 years. The rate of new
stone events (defined as a composite of stone passage and
the appearance of a new stone, or enlargement of an existing
stone on abdominal radiography) was much higher among
the 31 patients receiving placebo than among the 29 receiv-
ing allopurinol (0.26 v. 0.12 per patient year, p < 0.02).

There is no strong evidence to support the use of mea-
sures to reduce urinary oxalate, such as oral calcium supple-
mentation and administration of cholestyramine.

Uric acid stones

Uric acid is soluble in alkaline urine. Thus, management
of uric acid stones generally involves alkalinization of the
urine. The target range for urine pH should be 6.0–6.5 for
therapy, because formation of another type of stone, calcium
phosphate, may be induced by urinary pH above 7. Urine
can be alkalinized with either oral potassium citrate or
sodium bicarbonate. The former has the advantage of avoid-
ing a sodium load, which may lead to hypercalciuria, and has
been shown to reduce significantly the recurrence of uric
acid stones when given at doses of 30–80 mEq/day,16 but it
should be used cautiously in combination with potassium-
sparing diuretics because of concerns about hyperkalemia.

Struvite stones

Struvite stones form in infected urine and are frequently
large enough to fill the entire pelvicalyceal system; in this
situation, they are known as staghorn calculi. In rare cases,
staghorn calculi are composed purely of cystine or calcium
oxalate monohydrate. Because of their size and the pres-
ence of infection, a combined surgical and medical ap-
proach, including increased fluid intake and the use of an-
tibiotics, is required. The American Urological Association
has published clinical practice guidelines for the manage-
ment of staghorn calculi.17 It recommends extracorporeal
shock wave lithotripsy (ESWL) combined with percuta-
neous stone removal. Removal of all stone fragments and
antibiotic therapy to sterilize the urine are required to pre-
vent recurrence.
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Table 3: Urinary investigation of and targets for patients
with recurrent stone formation

Investigation* Target

• Volume 2–3 L/d
• pH Between 5.5 and 7.0
• Creatinine clearance Normal†
• Excretion
  Calcium < 0.1 mmol/kg per d
  Sodium < 100–150 mmol/d
 Uric acid

     Women < 4.5 mmol/d
       Men < 4.8 mmol/d
  Oxalate Minimize (i.e., < 450 µmol/d)
  Citrate Maximize (i.e., > 0.6 mmol/d)

Magnesium > 3 mmol/d

*Values based on 24-h urine collection.
†Creatinine clearance needs to be measured to ensure that the 24-hour collection is
adequate and that the patient has good renal function.
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Cystine stones

Despite the rarity of cystine stones (1%–2% in adults,
6%–8% in children), they deserve special mention.
Cystinuria is an inborn error of metabolism characterized
by defective tubular and intestinal transport of cystine, or-
nithine, lysine and arginine. Although large amounts of all
of these amino acids appear in
the urine, only the cystine pre-
cipitates at physiologic pH. A
high fluid intake throughout
each 24-hour period decreases
the rate of recurrence. Sodium
restriction (to 80–100 mmol/day)
significantly reduces cystine ex-
cretion.18 Other therapies for cys-
tine stones include drugs such as
penicillamine, tiopronin and cap-
topril.19 These medications in-
crease the solubility of cystine by
cleaving the disulfide bond of the
amino acid.

Surgical management

There have been major ad-
vances in the surgical manage-
ment of renal and ureteric calculi
over the past 15 years. Renal cal-
culi that are increasing in size or
causing symptoms or obstruc-
tion should be dealt with by one
of the techniques that result in
complete clearance of the stone
and any fragments.

First described by Chaussy in
1982,20 ESWL is now the pri-
mary surgical modality for most
renal calculi, although the clear-
ance rate for all stone fragments
is not as high as originally re-
ported. Plain radiography indi-
cates stone-free status in approx-
imately 34% of patients, but
nephrotomography indicates this
degree of success in only 17%.21 The success of ESWL
varies with the composition, location and size of the stone,
the type of generator used and the “targetability” of the
stone. Close follow-up to ensure passage and removal of all
stone fragments is required. The rate of recurrence after
ESWL varies according to stone type but is as high as 20%
in patients with infected stones. If stone fragments are re-
tained, regrowth rates are about 33% at 3.6 years.21

For most ESWL procedures conducted with modern
equipment, anesthesia is not required, and patients are
treated in the outpatient setting with light sedation. During

the treatment, the patient receives about 2000 shocks from
an ellipsoid generator; this lasts about 30 minutes depending
on the size of the stone and the number of shocks that have
to be delivered. This is associated with some discomfort,
hematuria and the passage of multiple small stone fragments.

A number of other minimally invasive ureteroscopic and
percutaneous surgical procedures are available. The combi-

nation of these with ESWL for
large and staghorn calculi has
given rise to the term “sandwich
therapy.”22 This combined ther-
apy entails percutaneous frag-
mentation and removal of as
much stone as possible, followed
by ESWL to those areas that
could not be reached initially.
Fewer percutaneous passes are
required, and the risk of bleeding
and infection is lessened. Second-
look percutaneous nephrostomy
passing through previously cre-
ated tracts can be performed to
remove stone fragments that are
not passed after ESWL. Follow-
up surveillance and antibiotic
therapy, where appropriate, form
an integral part of this therapy.

Newer techniques involving
retrograde approaches to ureteral
and renal calculi use miniature
flexible and semi-rigid uretero-
scopes, which permit access to
the entire ureter and collecting
system. There are few stones that
cannot be managed by minimally
invasive techniques. Open stone
removal is necessary only for pa-
tients with anatomic anomalies
and those for whom the newer
modalities have failed.

Cases revisited

The patient described in case
1 probably has calcium oxalate

nephrolithiasis because it is the most common form of
nephrolithiasis, although there is nothing in the urine
analysis to help confirm the diagnosis. Stone analysis
would be very helpful, emphasizing the need to retain kid-
ney stones whenever possible. Individuals who form kid-
ney stones have low urine volume, thus an increase in flu-
ids taken orally to produce a urine output of 2.5 L/day is
recommended. Urinary citrate excretion is borderline, and
dietary changes including reduction in animal protein in-
take and sodium intake are advisable. It would be reason-
able to prescribe potassium citrate, 30–80 mEq/day.

PR AC T I C E

Key points

Risk factors for recurrent stones
• Low urine volume
• Elevated urinary oxalate excretion
• Elevated urinary calcium excretion
• Elevated urinary uric acid excretion
• Low urinary level of inhibitors of stone 

formation, particularly citrate
• Low or high urine pH
• Urine stasis and infection
Considerations for referral for specialist evaluation
• Young age (children)
• Strong family history of kidney stones
• Radiographic identification of multiple

stones, anatomic abnormalities or nephro-
calcinosis

• Cystine or uric acid stones revealed by labo-
ratory analysis

• Presence of infected stones
• Requirement for surgical intervention (includ-

ing extracorporeal shock wave lithotripsy)
General measures to prevent recurrence of

stones
• Increase fluid intake to produce 2–3 L of

urine daily
• Decrease dietary oxalate (spinach, rhubarb,

chocolate, nuts, cranberries)
• Decrease intake of animal protein 
• Restrict sodium (< 100 mmol/d [2–3 g/d])

rather than calcium (should be 1 g/d) 
Indications for surgical removal of stones
• Nonprogression of ureteric stones
• Persistent obstruction
• Persistent symptoms
• Presence of infection
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The patient described in case 2 has probably developed
Stevens–Johnson syndrome as a complication of the allo-
purinol. The medication should be discontinued immedi-
ately and the patient referred to an internist for urgent ad-
mission to hospital. Treatment is mainly supportive, with
attention to concomitant organ dysfunction (liver, kidneys),
nutrition and, possibly, the use of corticosteroids. This
condition may progress to toxic epidermal necrolysis. Such
severe reactions to allopurinol are very rare, but it is impor-
tant to recognize them.

Comment

Renal stone disease remains common. A logical medical
and surgical approach will reduce both the acute and recur-
rent morbidity associated with this condition. A summary
of metabolic abnormalities associated with stone formation
and suggested therapies is presented in Table 4.
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Table 4: Common metabolic abnormalities and suggested therapy in addition to general measures

Stone type (and frequency) Metabolic  abnormality Suggested therapy

Calcium oxalate (60%) Hypercalciuria (calcium excretion > 0.1 mmol/kg per d) Thiazide diuretics

Mixed calcium oxalate and Hyperoxaluria (oxalate excretion > 450 µmol/d) Thiazide diuretics, potassium citrate

calcium phosphate (10%) Hyperuricosuria in women (uric acid excretion > 4.5 mmol/d) Potassium citrate and allopurinol
Hyperuricosuria in men (uric acid excretion > 4.8 mmol/d) Potassium citrate and allopurinol

Uric acid (5%–10%) Low urine pH (< 5.5) Potassium citrate
Hyperuricosuria in women (uric acid excretion > 4.5 mmol/d) Allopurinol
Hyperuricosuria in men (uric acid excretion > 4.8 mmol/d) Allopurinol

Struvite* (5%–10%) High urine pH (> 7.0) Appropriate antibiotics
Urinary tract infection Combined medical and surgical approach

Pure calcium phosphate Usually RTA (pH > 6.5) Potassium citrate
(brushite) (10%) Hypocitraturia (citrate excretion < 0.6 mmol/d) Potassium citrate; thiazide diuretics may

be added

Cystine (1%) Cystinuria (cystine excretion > 100 mg/d) Potassium citrate
Captopril, penicillamine or tiopronin

*Magnesium ammonium phosphate.
Note: RTA = type 1 (distal) renal tubular acidosis.


