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stone. In this instance, the preventive medical regimen might be
unnecessarily changed as the result of a preexisting stone.
Recommendations for follow-up imaging should be tailored to
the individual patient. While CT provides the best information, the
radiation dose is substantially higher than from other modalities;
therefore, CT should be performed only if the results will lead to a
change in clinical recommendations. Although they are less sensitive, renal ultrasound or a KUB exam are typically used to minimize
radiation exposure, with recognition of the limitations.

Disorders of the Kidney and Urinary Tract

Prevention of New Stone Formation Recommendations for preventing stone formation depend on the stone type and the results of
metabolic evaluation. After remediable secondary causes of stone
formation (e.g., primary hyperparathyroidism) are excluded, the
focus should turn to modification of the urine composition to
reduce the risk of new stone formation. The urinary constituents
are continuous variables, and the associated risk is continuous; thus,
there is no definitive threshold. Dichotomization into “normal” and
“abnormal” can be misleading and should be avoided.
For all stone types, consistently diluted urine reduces the likelihood of crystal formation. The urine volume should be at least 2 L/d.
Because of differences in insensible fluid losses and fluid intake from
food sources, the required total fluid intake will vary from person to
person. Rather than specify how much to drink, it is more helpful to
educate patients about how much more they need to drink in light
of their 24-h urine volume. For example, if the daily urine volume is
1.5 L, then the patient should be advised to drink at least 0.5 L more
per day in order to increase the urine volume to the goal of 2 L/day.
RECOMMENDATIONS FOR SPECIFIC STONE TYPES
Calcium Oxalate Risk factors for calcium oxalate stones include higher
urine calcium, higher urine oxalate, and lower urine citrate. This stone
type is insensitive to pH in the physiologic range.
Individuals with higher urine calcium excretion tend to absorb a
higher percentage of ingested calcium. Nevertheless, dietary calcium
restriction is not beneficial and, in fact, is likely to be harmful (see “Dietary
Risk Factors,” above). In a randomized trial in men with high urine calcium and recurrent calcium oxalate stones, a diet containing 1200 mg
of calcium and a low intake of sodium and animal protein significantly
reduced subsequent stone formation from that with a low-calcium diet
(400 mg/d). Excessive calcium intake (>1200 mg/d) should be avoided.
A thiazide diuretic, in doses higher than those used to treat hypertension, can substantially lower urine calcium excretion. Several
randomized controlled trials have demonstrated that thiazide diuretics can reduce calcium oxalate stone recurrence by ~50%. When a
thiazide is prescribed, dietary sodium restriction is essential to obtain
the desired reduction in urinary calcium excretion. While bisphosphonates may reduce urine calcium excretion in some individuals,
there are no data on whether this class of medication can reduce stone
formation; therefore, bisphosphonates cannot be recommended solely
for stone prevention at present.
A reduction in urine oxalate will in turn reduce the supersaturation
of calcium oxalate. In patients with the common form of nephrolithiasis, avoiding high-dose vitamin C supplements is the only known
strategy that reduces endogenous oxalate production.
Oxalate is a metabolic end product; therefore, any dietary oxalate
that is absorbed will be excreted in the urine. Reducing absorption
of exogenous oxalate involves two approaches. First, the avoidance
of foods that contain high amounts of oxalate, such as spinach, rhubarb, and potatoes, is prudent. However, extreme oxalate restriction
has not been demonstrated to reduce stone recurrence and could be
harmful to overall health, given other health benefits of many foods
that are erroneously considered to be high in oxalate. Controversy
exists regarding the most clinically relevant measure of the oxalate
content of foods (e.g., bioavailability). Notably, the absorption of
oxalate is reduced by higher calcium intake; therefore, individuals
with higher-than-desired urinary oxalate should be counseled to consume adequate calcium. Oxalate absorption can be influenced by the
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intestinal microbiota, depending on the presence of oxalate-degrading bacteria. Currently, however, there are no available therapies to
alter the microbiota that beneficially affect urinary oxalate excretion
over the long term.
Citrate is a natural inhibitor of calcium oxalate and calcium phosphate stones. Higher-level consumption of foods rich in alkali (i.e.,
fruits and vegetables) can increase urine citrate. For patients with
lower urine citrate in whom dietary modification does not adequately
increase urine citrate, the addition of supplemental alkali (typically
potassium citrate) will lead to an increase in urinary citrate excretion.
Sodium salts, such as sodium bicarbonate, while successful in raising
urine citrate, are typically avoided due to the adverse effects of sodium
on urine calcium excretion.
Past reports suggested that higher levels of urine uric acid may
increase the risk of calcium oxalate stones, but more recent studies do
not support this association. However, allopurinol reduced stone recurrence in one randomized controlled trial in patients with calcium oxalate
stones and high urine uric acid levels. The lack of association between
urine uric acid level and calcium oxalate stones suggests that a different
mechanism underlies the observed beneficial effect of allopurinol.
Additional dietary modifications may be beneficial in reducing
stone recurrence. Restriction of nondairy animal protein (e.g., meat,
chicken, seafood) is a reasonable approach and may result in higher
excretion of citrate and lower excretion of calcium. In addition, reducing sodium intake to <2.5 g/d may decrease urinary excretion of calcium. Sucrose and fructose intake should be minimized.
For adherence to a dietary pattern that is more manageable for patients
than manipulating individual nutrients, the DASH (Dietary Approaches
to Stop Hypertension) diet provides an appropriate and readily available
option. Randomized trials have conclusively shown the DASH diet to
reduce blood pressure. At present, only data from observational studies
are available, but these demonstrate a strong and consistent inverse association between the DASH diet and risk of stone formation.
Calcium Phosphate Calcium phosphate stones share risk factors with
calcium oxalate stones, including higher concentrations of urine calcium and lower concentrations of urine citrate, but additional factors
deserve attention. Higher urine phosphate levels and higher urine pH
(typically ≥6.5) are associated with an increased likelihood of calcium
phosphate stone formation. Calcium phosphate stones are more
common in patients with distal renal tubular acidosis and primary
hyperparathyroidism.
There are no randomized trials on which to base preventive recommendations for calcium phosphate stone formers, so the interventions
are focused on modification of the recognized risk factors. Thiazide
diuretics (with sodium restriction) may be used to reduce urine calcium, as described above for calcium oxalate stones. In patients with
low urine citrate levels, alkali supplements (e.g., potassium citrate)
may be used to increase these concentrations. However, the urine pH
of these patients should be monitored carefully because supplemental
alkali can raise urine pH, thereby potentially increasing the risk of
stone formation. Reduction of dietary phosphate may be beneficial by
reducing urine phosphate excretion.
Uric Acid The two main risk factors for uric acid stones are persistently low urine pH and higher uric acid excretion. Urine pH is the
predominant influence on uric acid solubility; therefore, the mainstay
of prevention of uric acid stone formation entails increasing urine pH.
While acidifying the urine is not easily done, alkalinizing the urine can
be readily achieved by increasing the intake of foods rich in alkali (e.g.,
fruits and vegetables) and reducing the intake of foods that produce
acid (e.g., animal flesh). If necessary, supplementation with bicarbonate or citrate salts (preferably potassium citrate) can be used to reach
the recommended pH goal of 6 to 7 throughout the day and night.
Urine uric acid excretion is determined by uric acid generation.
Uric acid is the end product of purine metabolism; thus reduced
consumption of purine-containing foods can lower urine uric acid
excretion. It is noteworthy that the serum uric acid level is dependent
on the fractional excretion of uric acid and therefore does not provide

2/9/15 6:47 PM

