Alkalinisation of urine is the mainstay of therapy and prevention for uric acid stones. Citrate preparations
are useful as alkalinising agents. Maintaining a urine pH of 6-6.5 is sufficient to prevent uric acid stones
[935]. In patients who failed conservative measures with sustaining hyperuricosuria and hyperuricemia, stone
recurrences or myeloproliferative diseases, allopurinol (10 mg/kg) may be used. This medication may cause
several drug reactions (rash, diarrhoea, eosinophilia) and should be cautiously used in chronic renal failure
patients.

3.16.2.3  Cystine stones

Cystinuria is the cause of cystine stone formation and accounts for 2-6% of all urinary stones in children.
Cystinuria is an incompletely recessive autosomal disorder characterised by failure of renal tubules to reabsorb
four basic amino acids: cystine, ornithine, lysine and arginine.

Of these four amino acids, only cystine has poor solubility in urine, so that only cystine stones
may form in the case of excessive excretion in urine. Cystine solubility is pH-dependent, with cysteine
precipitation beginning at pH levels < 7.0. Other metabolic conditions, such as hypercalciuria, hypocitraturia and
hyperuricosuria, may accompany cystinuria, so leading to the formation of mixed-composition stones. Cystine
stones are faintly radiopaque and may be difficult to visualise on regular radiograph studies. They are also hard
in texture and more difficult to disintegrate by extracorporeal shockwave lithotripsy (SWL). Cystinuric patients
present with larger stones at the time of diagnosis, higher new stone formation rates, and are at higher risk of
surgery [950].

The medical treatment for cystine stones aims to reduce cystine saturation in urine and increase
its solubility. The initial treatment consists of maintaining a high urine flow and the use of alkalinising agents,
such as potassium citrate to maintain urine pH at above 7.0 (better above 7.5). If this treatment fails, the use
of a-mercaptopropionyl glycine or D-penicillamin may increase cystine solubility and reduce cystine levels in
urine and prevent stone formation. Side effects of these drugs are mostly mild and include gastrointestinal
complaints (alterations in taste and odour), fever and rash; however, they can be associated with severe side
effects, such as bone marrow depression, nephrotic syndrome and epidermolysis [951].

3.16.2.4  Infection stones (struvite stones)

Infection-related stones constitute nearly 5% of urinary stones in children, though incidence increases over 10%
in younger ages [952] and in non-endemic regions [926, 953]. Bacteria capable of producing urease enzyme
(Proteus, Klebsiella, Pseudomonas) are responsible for the formation of such stones.

Urease converts urea into ammonia and bicarbonate, alkalinising the urine and further converting
bicarbonate into carbonate. In the alkaline environment, triple phosphates form, eventually resulting in a
supersaturated environment of magnesium ammonium phosphate and carbonate apatite, which in turn leads to
stone formation.

In addition to bacterial elimination, stone elimination is essential for treatment, as stones will harbour
infection and antibiotic treatment will not be effective. Consideration should be given to investigating any
congenital problem that causes stasis and infection. Genitourinary tract anomalies predispose to the formation
of such stones.

3.16.3 Diagnostic evaluation

Presentation tends to be age-dependent, with symptoms such as flank pain and haematuria being more
common in older children. Non-specific symptoms (e.qg. irritability, vomiting) are common in very young children.
Haematuria, usually visible, occurring with or without pain, is less common in children. However, non-visible
haematuria may be the sole indicator and is more common in children. In some cases, urinary infection may be
the only finding leading to radiological imaging in which a stone is identified [954, 955].

3.16.3.1 Imaging

Generally, US should be used as a first approach. Renal US is very effective for identifying stones in the kidney.
Many radiopaque stones can be identified with a simple abdominal flat-plate examination. The most sensitive
test for identifying stones in the urinary system (especially for ureteric stones) is non-contrast helical CT
scanning. It is safe and rapid, with 97% sensitivity and 96% specificity [956-958]. Despite its high diagnostic
accuracy, because of the potential radiation hazards, its use should be reserved for cases with non-informative
US and/or plain abdominal radiograph. Low dose protocols have also been developed with the goal of reducing
radiation dose with adequate image quality [959]. Intravenous pyelography is rarely used in children, but may be
needed to delineate the caliceal anatomy prior to percutaneous or open surgery.

3.16.3.2  Metabolic evaluation

Due to the high incidence of predisposing factors for urolithiasis in children and high stone recurrence rates,
every child with a urinary stone should be given a complete metabolic evaluation [918, 951, 960-962]. A limited
urinary metabolic evaluation (24h-calcium, 24h-citrate, and 24h-oxalate and low urinary volume) is able to detect
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