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Cystine stones account for 1–2% of all urinary tract calculi but are
the most common cause of stones in children. Cystinuria homozygotes
regularly excrete 2400–7200 μmol (600–1800 mg) of cystine daily.
Since the maximum solubility of cystine in the physiologic urinary pH
range of 4.5–7.0 is about 1200 μmol/L (300 mg/L), cystine needs to
be diluted to 2.5–7 L of water to prevent crystalluria. Stone formation
usually manifests in the second or third decade but may occur in the
first year of life. Symptoms and signs are those typical of urolithiasis:
hematuria, flank pain, renal colic, obstructive uropathy, and infection (Chap. 342). Recurrent urolithiasis may lead to progressive renal
insufficiency.
Cystinuria is suspected after observing typical hexagonal crystals
in the sediment of acidified, concentrated, chilled urine or after performing a urinary nitroprusside test. Quantitative urine amino acid
analysis confirms the diagnosis of cystinuria by showing selective
overexcretion of cystine, lysine, arginine, and ornithine. Quantitative
measurements are important for differentiating heterozygotes from
homozygotes and for following free cystine excretion during therapy.
Management is aimed at preventing cystine crystal formation
by increasing urinary volume and by maintaining an alkaline urine
pH. Fluid ingestion in excess of 4 L/d is essential, and 5–7 L/d is
optimal. Urinary cystine concentration should be <1000 μmol/L
(250 mg/L). The daily fluid ingestion necessary to maintain this dilution of excreted cystine should be spaced over 24 h, with one-third
of the total volume ingested between bedtime and 3 A.M. Cystine
solubility rises sharply above pH 7.5, and urinary alkalinization (with
bicarbonate or potassium citrate) can be therapeutic. Penicillamine
(1–3 g/d) and tiopronin (α-mercaptopropionylglycine, 800–1200
mg/d in four divided doses) undergo sulfhydryl-disulfide exchange
with cystine to form mixed disulfides. Because these disulfides are
much more soluble than cystine, pharmacologic therapy can prevent
and promote dissolution of calculi. Penicillamine can have significant
side effects and should be reserved for patients who fail to respond to
hydration alone or who are in a high-risk category (e.g., one remaining
kidney, renal insufficiency). When medical management fails, shock
wave lithotripsy, ureteroscopy, and percutaneous nephrolithotomy
are effective for most stones. Open urologic surgery is considered for
complex staghorn stones or when the patient has concomitant renal
or ureteral abnormalities. Occasional patients progress to renal failure
and require kidney transplantation.

lavage in some patients. Women with lysinuric protein intolerance
who become pregnant have an increased risk of anemia, toxemia, and
bleeding complications during delivery. These can be minimized by
aggressive nutritional therapy and control of blood pressure. Their
infants can have intrauterine growth restriction but have normal neurologic function

DIBASIC AMINOACIDURIA (LYSINURIC PROTEIN INTOLERANCE)
This disorder is characterized by a defect in renal tubular reabsorption
of the three dibasic amino acids lysine, arginine, and ornithine but not
cystine (lysinuric protein intolerance). Homozygotes show defective
intestinal transport of dibasic amino acids as well as exaggerated renal
losses. Lysinuric protein intolerance is most common in Finland (1 in
60,000), southern Italy, and Japan, but is rare elsewhere. The transport
defect affects basolateral rather than luminal membrane transport and
is associated with impairment of the urea cycle. The defective gene
(SLC7A7, chromosome 14q11.2) encodes the y+LAT membrane transporter, which associates with the cell-surface glycoprotein 4F2 heavy
chain to form the complete sodium-independent transporter y+L.
Manifestations are related to impairment of the urea cycle and to
immune dysfunction potentially attributable to nitric oxide overproduction secondary to arginine intracellular trapping. Affected patients
present in childhood with hepatosplenomegaly, protein intolerance,
and episodic ammonia intoxication. Older patients may present with
severe osteoporosis, impairment of kidney function, pulmonary alveolar proteinosis, various autoimmune disorders, and an incompletely
characterized immune deficiency. Plasma concentrations of lysine,
arginine, and ornithine are reduced, whereas urinary excretion of
lysine and orotic acid are increased. Hyperammonemia may develop
after the ingestion of protein loads or with infections, probably because
of insufficient amounts of arginine and ornithine to maintain proper
function of the urea cycle. Therapy consists of dietary protein restriction and supplementation of citrulline (2–8 g/d), a neutral amino acid
that fuels the urea cycle when metabolized to arginine and ornithine.
Pulmonary disease responds to glucocorticoids or bronchoalveolar

HARTNUP DISEASE
Hartnup disease (frequency 1 in 24,000) is an autosomal recessive
disorder characterized by pellagra-like skin lesions, variable neurologic
manifestations, and neutral and aromatic aminoaciduria. Alanine,
serine, threonine, valine, leucine, isoleucine, phenylalanine, tyrosine,
tryptophan, glutamine, asparagine, and histidine are excreted in urine
in quantities 5–10 times greater than normal, and intestinal transport
of these same amino acids is defective. The defective neutral amino acid
transporter, B°AT1 encoded by the SLC6A19 gene on chromosome
5p15, requires either collectrin or angiotensin-converting enzyme 2 for
surface expression in the kidney and intestine, respectively.
The clinical manifestations result from nutritional deficiency of
the essential amino acid tryptophan, caused by its intestinal and renal
malabsorption, and of niacin, which derives in part from tryptophan
metabolism. Only a small fraction of patients with the chemical findings of this disorder develop a pellagra-like syndrome, implying that
manifestations depend on other factors in addition to the transport
defect. The diagnosis of Hartnup disease should be suspected in any
patient with clinical features of pellagra who does not have a history
of dietary niacin deficiency (Chap. 96e). The neurologic and psychiatric manifestations range from attacks of cerebellar ataxia to mild
emotional lability to frank delirium, and they are usually accompanied
by exacerbations of the erythematous, eczematoid skin rash. Fever,
sunlight, stress, and sulfonamide therapy provoke clinical relapses.
Diagnosis is made by detection of the neutral aminoaciduria, which
does not occur in dietary niacin deficiency. Treatment is directed at
niacin repletion and includes a high-protein diet and daily nicotinamide supplementation (50–250 mg).

CITRULLINEMIA TYPE 2 (CITRIN DEFICIENCY)
Citrullinemia type 2 is a recessive condition caused by deficiency of
the mitochondrial aspartate-glutamate carrier AGC2 (citrin). A defect
in this transporter reduces the availability of cytoplasmic aspartate
to combine with citrulline, impairing the urea cycle and decreasing
the transfer of reducing equivalents from the cytosol to the mitochondria through the malate–aspartate NADH shuttle. Mutations
in the SLC25A13 gene on chromosome 7q21.3 that encodes for this
transporter are rare in Caucasians, but affect about 1:20,000 people
with ancestry from Japan, China, and Southeast Asia with variable
penetrance.
The disease usually presents with sudden onset between 20 and 50
years of age with recurring episodes of hyperammonemia with associated neuropsychiatric symptoms such as altered mental status, irritability, seizures, or coma resembling hepatic encephalopathy. Some
patients might come to medical attention for hypertriglyceridemia,
pancreatitis, hepatoma, or fatty liver histologically similar to nonalcoholic steatohepatitis. Without therapy, most patients die with cerebral
edema within a few years of onset. Episodes are usually triggered by
medications (such as acetaminophen), surgery, alcohol consumption
or high sugar intake, the latter conditions causing excess NADH production. NADH is not generated by the metabolism of proteins or fats,
and many individuals with citrullinemia type 2 spontaneously prefer
foods such as meat, eggs, and fish, and avoid carbohydrates.
Laboratory studies during an acute attack include elevated ammonia, citrulline, and arginine with low or normal levels of glutamine (the
latter is usually increased in classic urea cycle defects). The diagnosis
is confirmed by demonstrating mutations in the SLC25A13 gene. Liver
transplantation prevents progression of the disease and normalizes
biochemical parameters. A diet high in fats and proteins and low in
carbohydrates with supplements of arginine and pyruvate is also effective in preventing further episodes, at least in the short term.

