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Abstract Cystinuria continues to be one of the most
challenging stone diseases. During the latest decades
our knowledge of the molecular basis of cystinuria has
expanded. Today 160 different mutations in the SLC3A1
gene and 116 in the SLC7A9 gene are listed. The full
implications of type A, B or AB status are not yet fully
understood but may have implications for prognosis,
management and treatment. Despite better understand-
ing of the molecular basis of cystinuria the principles of
recurrence prevention have remained essentially the same
through decades. No curative treatment of cystinuria exists,
and patients will have a life long risk of stone formation,
repeated surgery, impaired renal function and quality of
life. Therapy to reduce stone formation is directed towards
lowering urine cystine concentration and increasing cystine
solubility. Different molecules that could play a role in pro-
moting nucleation and have a modulating effect on cystine
solubility may represent new targets for cystinuria research.
Investigation of newer thiol-containing drugs with fewer
adverse effects is also warranted. Determining cystine
capacity may be an effective tool to monitor the individual
patient’s response. Compliance in cystinuric patients con-
cerning both dietary and pharmacological intervention is
poor. Frequent clinical follow-up visits in dedicated centres
seem to improve compliance. Cystinuric patients should be
managed in dedicated centres offering the complete range

P4 Palle Joern Sloth Osther
palle.joern.osther @rsyd.dk

Department of Urology, Urological Research Centre,
Lillebaelt Hospital, University of Southern Denmark,
Fredericia, Denmark

Department of Clinical Genetics, Lillebaelt Hospital,
University of Southern Denmark, Vejle, Denmark

of minimal invasive treatment modalities, enabling a per-
sonalized treatment approach in order to reduce risk and
morbidity of multiple procedures.
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Introduction

Cystinuria continues to be one of the most challenging
stone diseases. Stone formation is due to mutations in the
genes that encode the two subunits of the amino acid trans-
port, resulting in failure of absorption of filtered dibasic
amino acids including cystine in the proximal tubules [1].
Since cystine has a very limited solubility in the physi-
ological range of urine pH, this leads to complicated and
recurrent kidney stone formation. The stone disease starts
early in life, often necessitating multiple interventions to
prevent stone-related complications [2]. Cystinuria repre-
sents approximately 1 % of adult and 3—10 % of paediatric
stone disease [3-8]. The worldwide prevalence of cystinu-
ria is approximately 1 in 7000 neonates, ranging from
approximately 1:2000 in the Mediterranean East Coast to
1:100,000 in Sweden [8—10].

Therapy to reduce stone formation is directed towards
lowering urine cystine concentration and increasing cys-
tine solubility, which is often demanding due to a lack of
effective pharmacologic measures. A multimodal approach
to diagnosis, surgical and medical treatment is mandatory
for optimal management of cystinuric patients. During the
latest decades our knowledge of the molecular basis of
cystinuria has expanded, and new minimal invasive treat-
ment modalities have evolved, enabling a personalized
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approach to stone management. This review will summa-
rize current understanding of cystinuria, focusing on how
patients with cystine stone disease should be evaluated and
treated in the twenty-first century.

Genetic basis of cystinuria

The inheritance pattern of cystinuria is complex. Some
patients show autosomal recessive inheritance. However,
among heterozygotes the urinary excretion of cystine can
vary considerably and stone formation is seen suggesting
autosomal dominant inheritance with incomplete pene-
trance in some families [9]. Historically, different subtypes
were classified according to the excretion pattern of cystine
in obligate heterozygotes (parents of patients). Type I was
characterised by a normal excretion pattern while non-type
I were characterised by urinary hyper-excretion of cystine,
sometimes resulting in stone formation [11]. The normal
rate of cystine excretion is up to 30 mg/day. Homozygotes
usually excrete more than 400 mg/day. Non-type I hete-
rozygotes excrete 200400 mg/dag while type I heterozy-
gotes excrete <200 mg/day [12]. The traditional classifica-
tion was imprecise, and a new classification based on the
affected genes SLC3A1 and SLC7A9 was made by Della
Strologo et al. [11].

Cystinuria type A (formerly type I) is caused by muta-
tions in the SLC3A1 gene located on chromosome 2. The
SLC3A1 gene encodes the heavy subunit of the renal
amino acid transporter (rBAT), which is needed to local-
ize the transporter to the plasma membrane [13]. The mode
of inheritance appears to be truly autosomal recessive and
the penetrance is high (increased urinary cystine excretion:
100 %; stone formation: 94 %) [14]. An affected person has
two faulty copies of the gene and each of the parents car-
ries one copy. Carriers usually have normal level of urine
cystine and they have no increased risk of developing uro-
lithiasis compared with the general population [13]. In an
Italian study of 125 patients, the frequency of type A was
found to be 45 % [11]. This is in agreement with a study
concerning 164 probands from the International Cystinu-
ria Consortium (ICC) [15]. In a UK cohort of 74 patients
55 % had cystinuria type A [16]. Predominance of SLC3A1
(64 %) was also found in a study of 93 south-eastern Euro-
pean patients [17].

Cystinuria type B (formerly non-type I) is caused by
mutations in the SLC7A9 gene located on chromosome 19.
The SLC7A9 gene encodes the light subunit of the renal
amino acid transporter (b0, +AT), which compromises
the catalytic, transporting component [13]. The mode of
inheritance seems to be autosomal recessive or autosomal
dominant with incomplete penetrance [18]. For homozy-
gotes the penetrance is similar to type A [14]. Carriers such

@ Springer

as parents, siblings and children often have raised urine
cystine levels (86-90 % of cases) and stone formation is
reported in 2—18 % of cases [11, 14]. In the previous men-
tioned Italian study and the study of ICC probands, the fre-
quency of type B was found to be 53 and 56 %, respec-
tively [11, 15]. The UK study reported a type B frequency
of 31 % in their study population [16]. This is in line with
the frequency found in the study of south-eastern European
patients [17].

In more rare cases the patient has mutations in both
genes (SLC3A1 + SLC7A9). This subgroup is classified as
cystinuria type AB. The frequency is reported to be 1.2—4 %
[11, 15, 16].

Cystinuria is also associated with two deletion syn-
dromes (2p21 microdeletion syndrome and hypotonia
cystinuria syndrome). These patients have large DNA
deletions that remove not only the SLC3A1 gene but one
or more neighbouring genes as well. Each syndrome has a
distinct phenotype with severity reflecting the number of
genes affected [13, 14].

Today 160 different mutations in the SLC3A1 gene and
116 in the SLC7A9 gene are listed in the Human Genome
Mutation Database (http://www.hgmd.cf.ac.uk; accessed
on April 2015). Most of the mutations are point mutations
(nonsense/missense), but splicing mutations, deletions,
duplications and complex rearrangements also have been
described. The prevalence of some mutations varies signifi-
cantly between ethnic groups [13, 17]. In most studies the
detection rates for mutations in SCLC7A9 and SLC3A1 do
not reach 100 % [2, 11, 16, 17]. Therefore, it has been sug-
gested that mutations in other genes not yet discovered may
be involved in cystinuria [2, 16, 17]. A part of the expla-
nation may be that mutations in the two known genes are
missed with the methods used.

Genotype—phenotype correlation

So far no clinical differences (age of presentation, number
of stone episodes, interventions) have been found between
type A and type B cystinuria [2, 11, 16]. In one study type
AB patients were found to present with a later onset of dis-
ease compared with type A and type B patients, but this is
based on very few patient reports [16]. Another study has
showed that the presence of two mutations in the SLC7A9
gene results in a significantly earlier age of onset compared
to one mutation [19]. In the majority of patients stone for-
mation occurs before the age of 20, but a broad inter- and
intra familial variation exists [11, 14, 16-18]. One study
reported that males have more severe disease than females
[11]. This is in contrast to a study from 2013, where no
clinical differences between genders were found [17].

The biochemical phenotype has been correlated to the
genotype in a few studies. One study showed that patients
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with at least one missense mutation in SLC3A1 had lower
levels of urinary lysine, arginine and ornithine than patients
with all other type of SLC3A1 mutations. There was, how-
ever, no difference in urinary cystine levels. The authors
hypothesize that the lower levels of dibasic amino acids is
due to a less severe effect of missense mutations compared
to other types of mutations [16]. Another study found that
homozygote patients for a specific mutation (T216M) in
the SLC3A1 gene have significantly higher values of cys-
tine and other dibasic amino compared to patients with
other mutations [17].

The full implications of type A, B or AB status are not
yet fully understood, although implications for progno-
sis, management and treatment have been suggested. The
knowledge of the genotype may allow for predictive test-
ing and early preventive care. Furthermore, the genotype is
important for estimating recurrence risk in the family.

Diagnosis

An early and correct diagnosis is essential for successful
treatment of cystinuric patients. Assessment in stone form-
ers includes medical history, imaging, stone analysis and
laboratory investigations. Cystinuria should be suspected
in patients younger than 30 years with recurrent, large or
bilateral stones, and in patients having siblings with stone
disease. Cystinuria should also be suspected if a sulphur
odour is noticed during laser lithotripsy. Diagnosis is estab-
lished primarily by stone analysis and/or quantitative 24 h
urine analysis. Genotyping is not performed routinely.

Stone analysis

Stone analysis should be performed whenever possible.
Pure cystine stones represent the majority of cases (80 %).
Mixtures of cystine and calcium oxalate, calcium phos-
phate or magnesium ammonium calcium phosphate have
also been described [20]. Cystine stones are usually uni-
form, pale yellow stones having rough or smooth surfaces.

Laboratory investigations

Microscopic evaluation of morning urine might reveal
the pathognomonic hexagonal cystine crystals in 25 % of
cystinuric patients [8, 12, 21]. The cyanide—nitroprusside
colorimetric quantitative test detects cystine at a threshold
concentration of 75 mg/l, displaying a purple colour change
when the sulfhydryl groups formed via interaction between
cyanide and cystine react with nitroprusside [22-24]. The
sensitivity and specificity are 72 and 95 %, respectively.
The test is false positive in patients with homocystinuria,
Fanconi’s syndrome and in patients taking ampicillin or

sulpha-containing drugs [22, 24], and may also be positive
in heterozygote carriers of cystinuria. A quantitative chro-
matographic analysis of a 24 h collected urine-sample con-
firms the diagnosis. The normal rate of cystine excretion
is 0.13 mmol/day, whereas homozygotes usually excrete
more than 1.7 mmol/day [12]. Heterozygotes may excrete
normal or slightly elevated amounts of cystine [25].

The presence of other metabolic abnormalities such as
hypercalciuria, hypocitraturia and hyperuricosuria will also
be revealed using the chromatographic urine analysis.

Imaging

Cystine stones are weak radiopaque due to their sulphur
content but less radiodense than calcium stones, and they
may be difficult to detect on plain X-ray (kidney, ureter,
and bladder radiograph: (KUB)). In one study 88 % of
cystine stones were visualized by KUB [26]. Stone size
and attenuation value expressed as Hounsfield units (HU)
were not significantly different between visualized and
not visualized stones, but the body mass index was sig-
nificantly higher in the not visualized group [26]. The HU
value of cystine stone varies. In the study by Patel et al. the
majority (80 %) had a HU < 550 (424 4+ 106 HU), while a
distinct second group (20 %) had a HU > 850 (972 &+ 134
HU) [26]. A low HU of 350-650 may support the suspi-
cion of cystine stones, but there is significant overlapping
between stones of different composition, especially for cys-
tine and uric acid stones, making a definitive differentiation
more challenging [27-29]. Dual-energy CT and automated
image processing may improve the differentiation [30, 31].

CT scanning may also be clinically helpful in predict-
ing fragility of the stone by evaluating morphology of the
stone. The smooth subtypes are more resistant to frag-
mentation due to an irregular, interlacing crystal structure
[32-34]. Renal ultrasonography is less accurate but repre-
sents the mainstay for follow-up of cystine stone formers to
avoid frequent exposure to ionized radiation.

Surgical management

Despite aggressive medical therapy, cystinuric patients
are likely to suffer frequent recurrent episodes of stones
necessitating urologic intervention [35]. Surgical manage-
ment does not differ significantly from other urinary tract
stones [12]. However, cystinuric patients will often have
experienced previous invasive procedures and high recur-
rence rates, demanding use of the least invasive methods
to minimize the potential complications and morbidities
of multiple procedures [2]. On the other hand, since resid-
ual fragments after stone treatment in cystinuric patients
sooner or later will result in symptomatic stone disease,
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complete stone clearance is of upmost importance. Thus,
the surgical challenge in cystinuria is to find the balance
between the safety of the procedures and the need for
complete stone clearance [36]. Contemporary treatment
modalities include chemolysis, Shock Wave Lithotripsy
(SWL), ureterorenoscopic stone removal (URS), percuta-
neous nephrolithotomy (PNL), and open or laparoscopic
surgery.

Chemolysis

No systemic therapies can effectively dissolute cystine
stones. Cystine is highly insoluble in the physiological
range of urine pH. A significant increase in cystine solu-
bility begins, when pH exceeds 7.0 [37]. Chemolytic dis-
solution of cystine stones may be done with the highly
alkaline solution THAM (tris-hydroxymethyl-ammi-
nomethane) or the chelating solution acetylcysteine 2 %,
or preferably the two solutions in combination creating a
synergistic effect [35, 38]. During installation of chemo-
lytic agents, prophylactic antibiotics are mandatory, and
intra-pelvic pressure should be monitored to avoid pye-
lovenous and pyelolymphatic backflow that may result
in septic or agent-specific toxic complications and altera-
tions in serum chemistries. Instillation therapy for cystine
stones are normally performed as secondary chemolysis
for residual fragments after SWL, PCNL or URS, since
chemolysis monotherapy of most cystine stones will
require long periods of irrigation [35, 37, 39]. Due to
advances in minimal invasive procedures chemolytic pro-
cedures are only rarely needed [2].

Shock wave lithotripsy (SWL)

Cystine calculi are generally considered SWL resistant.
Pre-treatment imaging may, however, reliably predict a
positive outcome of SWL. It has long been recognized
that cystine stones present in two morphologically dif-
ferent types, and that stones with a “rough” morphol-
ogy fragments more easily with shock waves than stones
with “smooth” morphology [32]. The “rough” stones have
large, blocky crystals at their surface, while the “smooth”
stones have smaller crystals appearing paler in colour
[32, 34]. Unfortunately, these qualities of the stones can-
not be observed in the patients at diagnosis [33]. Cystine
stones with “rough” morphology do, however, tend to con-
tain internal void regions at NCCT, and it has been shown
in an in vitro study that this is an indicator of fragility in
SWL [34]. On the contrary, cystine stones appearing homo-
geneous by CT were resistant to shock waves [34]. Thus,
patients suitable for SWL may be selected by the appear-
ance of the stone on NCCT (Fig. 1).
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Fig. 1 a NCCT showing a presumably homogeneous cystine stone.
b The same stone at NCCT using bone window showing that the
stone is inhomogeneous with void regions (such stone morphology is
believed to correspond to SWL-fragility)

It is the impression of the authors that cystine stones in
the early course of a recurrence often are heterogeneous
with void regions, highlighting the importance of regular
follow-up, in order to be able to offer the patients the least
invasive treatment options. Furthermore, it has been sug-
gested that oral thiol therapy might produce more fragile
calculi, which consequently may be more suitable for SWL
[12, 40].
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Ureterorenoscopic stone removal (URS)

Retrograde ureteroscopic stone management is a suitable
treatment option for the majority of ureteral and pelvical-
yceal stones [2, 36]. With development of smaller sized
flexible endoscopes, this procedure also may be performed
safely even in prepubertal children [41]. Holmium-YAG
laser is the preferred method for stone disintegration, since
it will allow usage of energy settings for both fragmenta-
tion and dusting, enabling an individualized approach to
lithotripsy [42]. URS for management of recurrent cystine
stones has been shown to be both efficient and safe. In 15
of 21 cystine stones [mean size 11 mm (range 5-30 mm)]
complete stone clearance (71 %) was achieved in one set-
ting with no major complications [43]. The limiting fac-
tor for stone clearance was size and not number of stones
[43]. If patients accept that the retrograde procedure may
become staged (more than one intervention), even stones
larger than 2 cm may be safely approached retrogradely
[44]. Since cystinuric patients usually will suffer from
multiple recurrences, it is of upmost importance that all
safety aspects of ureterorenoscopy are observed. If an
access sheath is considered, the smallest size that allows
passage of the ureteroscope should be used [45], in order
to reduce risk of ureteral damage [46], since development
of a ureteral stricture in these patients will harbour very
high risk of losing a significant amount of nephrons. Intra-
renal pressure should be kept as low as possible to reduce
pyelovenous and pyelolymphatic backflow, thereby mini-
mizing renal parenchymal damage and septic complica-
tions [47]. Also, if a JJ-catheter is considered postopera-
tively, indwelling time should be minimized to reduce the
risk and morbidity of encrustation [2]. Usually JJ-stenting
can be limited to 1-3 days [2].

Percutaneous nephrolithotomy (PNL)

For large and branched cystine calculi (staghorn stones)
(Fig. 2), PNL is usually the preferred treatment option,
offering the highest stone free rates [48]. For very com-
plex calculi an endoscopic combined approach (ECIRS),
combining PNL with flexible ureterorenoscopy, may be
the best solution in order to avoid the morbidity of multi-
ple accesses in this patient group that often needs repeated
interventions [49]. Additionally, residual stones after PNL
may have to be approached by SWL and/or chemolysis
to achieve a complete stone-free rate, which is crucial to
prevent early recurrence [20]. Newer miniaturized PNL
approaches, in which the traditional tract size has been
reduced to below 20 Fr., may prove to be of special value
in cystinuric patients, since various studies have confirmed
that reducing the tract size potentially also reduces the
complications of percutaneous surgery [50].

Fig. 2 Low-dose NCCT showing bilateral staghorn stones in a
3-year-old boy with cystinuria (the boy was treated by percutaneous
nephrolithomy bilaterally in two settings)

As mentioned previously, imaging may help selecting
cystine stones that are more suitable for endoscopic man-
agement than for SWL [34], and in this way a personalized
stone approach may result in an overall higher success rate
of both treatment modalities.

Stone prevention

Mechanisms of stone formation in general include over-
growth on interstitial apatite plaques, crystal formation
within renal tubules and free solution crystallization [51].
Stone formation in cystinuria is caused by the over-excre-
tion of cystine, leading to super-saturation and cystine free
crystal forming within urine in the inner medullary collect-
ing ducts, ducts of Bellini and collecting system [52].

No curative treatment of cystinuria exists, and patients
will have a life long risk of stone formation and repeated
surgery. Cystinuric patients are more prone to loss of renal
function than calcium oxalate stone formers [53].

During the last decades there have been no major
advances in the preventive management of cystinuria. The
primary goal in prevention is to decrease the risk of stone
formation, which may be achieved by decreasing the cys-
tine concentration and increasing the solubility. A decrease
in concentration can be achieved by hydration and dietary
measures; an increase in solubility may be achieved by
alkalinisation of the urine and cystine-binding drugs.
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Homozygous cystinuria patients excrete 600-1400 mg
cystine/day. A cystine concentration >1 mmol/l (250 mg/1)
increases the risk of stone formation. The solubility of cys-
tine is approximately 1 mmol/l (250 mg/1) at normal physi-
ological urine pH, but increases to 2 mmol/l (500 mg/l) at a
pH of 7.5 [54, 55].

Hydration

Hydration or hyperdiuresis is the oldest preventive measure
in cystinuria, and has been known for more than 50 years
[54, 55].

High fluid intake prevents stone formation by diluting
the urine, thereby lowering urinary cystine concentration.
The patient should drink enough to maintain a urine cystine
concentration below 250 mg/1 at all times, and therefore the
fluid intake should be evenly distributed during the day, in
order to force nightly urine production, opposing the physi-
ological concentration of urine during night time.

In a study by Barbey et al. [56] the need for urological
intervention was reduced in more than half of the patients
treated with a combination of high fluid intake, alkalization
and second line thiols, but patients poorly compliant with
hyperdiuresis remained at risk for recurrence. Maintaining
a daily urine volume of more than 3 1 was essential for ther-
apeutic success regardless of whether thiol derivatives were
administered [56].

Recommendations of minimum fluid intake vary from 3
to 5 I/day in adults, and 3 I/day in children [8, 12, 23, 29,
57-64]. Some groups recommend 2 1/m? body surface area
[57, 59, 65, 66], and others a fluid intake resulting in uri-
nary volumes exceeding 3—4 1/day [4, 12, 20, 29, 61, 67,
68]. As the excretion rate, as well as the solubility depend-
ing on urinary pH, varies in each patient, so will the nec-
essary fluid intake. A patient with a cystine excretion of
500 mg/day at physiological urine pH, should drink enough
to produce a minimum of 2 1/day of urine, and a patient
with a cystine excretion of 1000 mg/day should have a 24 h
urinary volume of more than 4 1. The fluid intake should be
increased even more during periods of heavy perspiration
due to exercise, fever or warm weather.

Alkalizing beverages such as mineral water rich in bicar-
bonate and low in sodium (1500 mg HCO5/L, maximum
500 mg sodium/L) are recommended.

Fluid intake in the form of fruit juices and herbal tea
containing citric acid may also result in alkalization of
urine by conversion of citrate into bicarbonate and thus
raise the solubility of cystine [69—71].

In order to maintain a constant and sufficient state of
hydration and a stable urinary volume, the patient may ben-
efit from keeping a schedule of fluid intake and voiding,
or monitor the gravity of urine, which should be less than
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1.010 [72]. Long-term compliance to this regime is difficult
to maintain, however.

Dietary measures

The dietary source of urinary cystine is the amino acid
methionine. One way of reducing cystine excretion is by
lowering methionine intake to a minimum, by consum-
ing less animal protein such as egg, fish, chicken, beef and
pork, and also wheat and some nuts and seeds. This will
also decrease any acidotic effects resulting from the break-
down of animal protein, and thus increase urinary pH [58].
It has been shown that a short-term low animal protein diet
significantly reduced urinary cystine excretion [73]. An
effect on stone recurrence of a protein-restricted diet has
not yet been shown in controlled trials, however.

It has been recommended to reduce the intake of animal
protein to around 1 g/kg/day in adults [8, 12, 58, 61, 64,
68, 74]. Protein restriction should however not be applied
in children and young adolescents, who are still growing.
Long-term patient compliance may be low especially for
those used to a high animal protein diet.

Similarly to drinking fruit juices, eating fruits and vege-
tables that contain organic anions such as malate and citrate
will raise urine pH.

Reducing sodium intake to 1 mmol/kg per day has been
shown to decrease cystine excretion significantly [75], and
in spite of the defective proximal tubular reabsorption of
cystine in cystinuria the reabsorption may be increased by
restricting the intake of sodium [76]. The general recom-
mendation of daily intake of sodium is no more than 2 g/
day [8, 12, 59, 61, 62, 64, 68, 74, 77]. In order to achieve
this, patients should avoid salting of the food, and fast food
in general. There are however no randomized controlled tri-
als to support these recommendations.

Pharmacologic treatment
Alkali supplementation

Since very few patients are able to stay free of recurrence
solely on hyperhydration, alkali supplementation is part of
first line therapy. The primary pharmacologic treatment is
oral alkali supplementation. Sodium bicarbonate, sodium
citrate, magnesium citrate and potassium citrate may
be used, but potassium citrate is preferred since sodium
loads increase the urinary cystine excretion [76]. Usual
doses are 60—-80 mEq per day. Slow release formulation
drugs can be administered twice a day, whereas mixtures
should be administered four times a day. Dose should be
titrated to reach and maintain a urine pH of 7.0-7.5. At
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urinary pH > 7.5 there is a risk of calcium phosphate stone
formation.

It is essential that patients monitor the urinary pH with
dipsticks, although a clear differentiation in pH level in the
range of 6.0-7.5 may be difficult using standard dipsticks.

Side effects to alkali supplementation are usually
mild, and most frequently include abdominal discomfort
(pain, diarrhoea and nausea). Gastric ulceration has been
described, and potassium citrate should be used with cau-
tion in patients with impaired gastrointestinal motility.
There is a potential risk of hyperkalaemia, and monitor-
ing serum potassium is advisable [78]. Sodium bicarbonate
may be used, when potassium citrate is contraindicated due
to hyperkalaemia [29, 36].

Acetazolamide, a carbonic anhydrase inhibitor, increases
the urinary bicarbonate excretion, but is often poorly toler-
ated [79], and not widely used.

Thiols

When first line treatment with hydration and urine alkaliza-
tion are not sufficient to keep the patient free of recurrence,
second line pharmacological therapy with a cystine-binding
thiol agent is indicated. Thiols are organosulfur compounds
that contain a sulthydryl group that combine with cystine
to form a more soluble drug-cysteine complex. Avail-
able agents include p-penicillamine (dimethyl-cysteine),
a-mercaptopropionylglycine (alpha-MPG also know as
tiopronin) that produce cysteine complexes, which are 50
times more soluble than cystine [12], and captopril.

Penicillamine was first used to treat patients with
cystinuria in 1963 [80]. Dahlberg et al. showed that stone
recurrence, stone passage, and stone growth were lowered
when D-penicillamine was added to conservative treat-
ment [81]. Treatment with p-penicillamine or alpha-MPG
compared to conservative treatment has shown a reduc-
tion of stone events from 1.6 to 0.45 per years [71]. The
effect is dose dependent. An increase in dose by 250 mg/
day decreases the urinary cystine level by 75-100 mg/day
[36]. The typical dose of p-penicillamine in adults ranges
between 0.5 and 2 g/day, given in 3 or 4 divided doses. The
dose should ideally be adjusted to reduce unbound urinary
cystine concentration to below 250 mg/l. The usual dosage
in children is between 20 and 40 mg/kg [8].

Alpha-MPG (tiopronin) is a second-generation chelat-
ing agent with a mechanism of action similar to p-pen-
icillamine but with a 30 % higher dissolution capacity,
and with less adverse effects. The US Food and Drug
Administration approved alpha-MPG in 1988. One study
showed that alpha-MPG reduced the rate of stone forma-
tion by 81 % in patients previously treated with D-pen-
icillamine, and by 94 % in treatment naive patients [82].
Treatment with D-penicillamine or tiopronin compared with

First line treatment

v Increase fluid intake > 3.5 1/24h
v' Limit sodium and protein intake
v’ Potassium citrate

~>

Second line treatment
_1 in case of recurrence/stone growth |_

Add a thiol

1. Tiopronin

2. D-penicillamin
3. Captopril

Fig. 3 Recommendations for cystine stone prevention

conservative management (with hydration and alkali) sig-
nificantly decreased stone events by 32—-65 % [56, 71].

The recommended initial dose in adults is 250 mg/day,
gradually increasing the dosage to 400-1200 mg/day in
three divided doses. Maximum dose is 2 g/day. Recom-
mended dose of tiopronin in children is 10-15 mg/kg/day
[82, 83].

The efficacy of thiol drugs is dependent on uri-
nary pH and therefore should always be combined with
urine alkalization [84]. Adverse effects are common and
include rash, fever, arthralgia, leukopenia, gastrointestinal
intolerance, proteinuria and nephritic syndrome. Long-
term therapy may lead to vitamin B-6 (pyridoxine) defi-
ciency, why vitamin B-6 supplementation (50 mg/day) is
recommended.

Captopril, an angiotensin-converting enzyme (ACE)
inhibitor, also contains a thiol and forms a captopril-
cysteine disulphide, which have been shown to increase
cystine solubility in vitro by about 200 times [85]. It has
been used as an alternative to p-penicillamine and tiopronin
due to fewer side effects. The literature is mainly case
based and the results are contradictory. The first use of cap-
topril in cystinuria was published in 1987 in two patients in
which cystine excretion was reduced with 70 and 93 %, and
additionally proteinuria was reduced [85]. A positive effect
has also been described in two cases treated for 1 year
without recurrence or side effects [86]. Cohen et al. treated
nine patients with captopril in addition to standard fluid and
alkalization therapy and found a non-significant decrease in
new stone formation and stone growth [87]. Other authors
have found captopril ineffective in reducing cystine excre-
tion and not clinically useful [88-90]. Captopril is mainly
used in patients intolerant for other thiols. The recom-
mended dose is 50 mg three times daily.
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Recommended first and second line preventive treatment
in cystinuria is presented in Fig. 3.

Monitoring

Since the effect of thiols are dose dependent, ideally dose
should be titrated. Routine analysis of cystine is not suit-
able for monitoring, because not only free but also bound
cystine is measured. For therapy monitoring it is essential
to differentiate between free cystine, cysteine and thiol-
cysteine complexes. Only high-performance liquid chroma-
tography (HPLC) analysis can differentiate between these.
Solid phase assay of urinary cystine seems to be an accu-
rate method for determining urine cystine super-saturation
and cystine capacity in the presence of cystine-binding
thiol drugs [25, 91-93].

Patients should also be monitored for side effects such
as proteinuria, hematologic complications, copper, zinc and
pyridoxine deficiency, and liver function abnormalities [4,
12].

Compliance

Compliance in urolithiasis patients concerning both dietary
and pharmacological intervention in general is poor. This
also applies for patients with cystinuria. The main reason for
discontinuation of medical treatment is adverse reactions.

In a multicentre study 69 % of patients treated with
D-penicillamine discontinued due to adverse reactions,
compared with 31 % for alpha-MPG [82].

Pietrow et al. retrospectively studied the course of 26
patients at a comprehensive kidney stone centre with an
average follow-up of 38.2 months, and found that 42 %
achieved initial success, but failed to maintain this after an
average of 16 months, and only 15 % were able to achieve
and maintain a cystine concentration of less than 300 mg/1
[94]. A vigilant approach and thorough patient education is
warranted to improve compliance.

Compliance presumably improves in dedicated hands.
Haritopoulos et al. found that the introduction of a dedi-
cated cystinuria clinic halved the intervention rate [95].
The average number of surgical procedures per patient per
year was reduced from 0.74 to 0.34, at the “expense” of
more frequent clinical attendances in the latter group [95].
Of course a historical comparison like this may be ques-
tioned methodologically, but it is likely that compliance
and clinical outcome will improve in dedicated and expe-
rienced centres. Frequent clinical follow-up visits might
improve compliance; on the other hand you could speculate
that it might also lead to more frequent interventions like
retrograde flexible ureterorenoscopy of early small stone
recurrences.

@ Springer

Importance of follow-up

Being a genetic disorder often causing severe morbidity,
cystinuria demands close, life-long follow-up. The primary
goal is to keep urinary cystine levels low thereby prevent-
ing stone formation.

Appropriate follow-up includes:

e Measurement of treatment efficacy (laboratory investi-
gations)

Imaging

Monitoring of adverse reactions to medication
Monitoring and preservation of kidney function
Counselling to increase patient compliance

Treatment efficacy

The effectiveness of therapy should be determined by meas-
urement of urinary pH and 24 h urinary cystine excretion.
Urinary pH should be >6.5 to increase solubility of cystine
[20]. It is important to keep in mind that total urine cystine
measurement is not efficient when using thiol-containing
drugs, as most cystine-assays do not distinguish cystine
from soluble thiol-cysteine drug complexes. Cystine capac-
ity, which is a solid-phase assay of urinary cystine, is a
more reliable and accurate method to measure the ability
of the urine to solubilize vs. precipitate cystine when the
urine cystine load is increased, thereby reflecting under-
saturation = positive capacity or supersaturation = nega-
tive capacity [23]. Thus, cystine capacity may be an effec-
tive tool to monitor patient response and guide medication
dosage.

Imaging

Image diagnostic monitoring of stone activity is manda-
tory. Patients with severe disease should be followed
with imaging studies every 3 months, renal ultrasonog-
raphy being an ideal initial choice of modality, since in
these patients with frequent recurrences, ionized radiation
should be avoided when possible. Patients with minimal
or no stone activity should be followed every 6 months
[62]. Ultrasonography is precise for detecting renal atro-
phy and hydronephrosis and fairly sensitive in detecting
larger stones. However, low-dose NCCT may be required
when ultrasonography is unequivocal, and when a symp-
tomatic patient is considered for surgical intervention.
Ultra Low dose CT protocols may be performed with
radiation doses equivalent to or below an ordinary KUB
[96, 97]. Thus, with regard to image follow-up the urora-
diologists should be involved in planning individualized
protocols.
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Adverse effects

Treatment with sulfhydryl compounds such as p-penicil-
lamine and tiopronin implies risk of severe adverse effects
[62]. Therefore, patients receiving thiol medications should
be followed-up regularly allowing the physician to detect
neutropenia, thrombocytopenia, anaemia, proteinuria and
decreased kidney function, rashes and copper/zinc defi-
ciencies. Unfortunately, a significant amount of cystinuric
patients has poor compliance due to medical adverse reac-
tions and lack of insight into the pathophysiology of the
disease. Moreover, the large amount of pills and fluid to be
administered per day can be difficult to accept [94]. It has,
however, been shown that active management and follow-
up in compliant patients decreases the need of surgical
intervention [98].

Preservation of kidney function

Renal insufficiency has been reported to occur in 5-17 % of
cystinuric patients [53, 62], and homozygotes have a statis-
tically higher serum creatinine compared to other urolithi-
asis patients [53]. End-stage renal failure occurs in <5 %
[99]. Medical prevention of stone formation is proposed to
preserve renal function by preventing damage of the renal
parenchyma caused by cystine crystals deposited within the
ducts of Bellini [52]. Careful follow-up including relevant
laboratory analyses and renographic examinations may
reveal unilateral changes in renal function that can be han-
dled at an early stage by more aggressive therapy to avoid
further renal deterioration.

Future directions

Despite better understanding of the molecular basis of
cystinuria the principles of recurrence prevention have
remained essentially the same through decades [20]. To
date, the mechanisms of cystine precipitation in urine
remain incompletely understood. Interestingly, severity of
stone disease cannot be entirely explained by differences in
urine cystine excretion levels [100], which may be due to
the fact that other molecules facilitating the initial interac-
tion between cystine molecules may have a prominent role
in promoting nucleation [101]. It has been suggested that
urinary excretion of nucleosides and vanillylmandelic acid
(VMA) might have a modulating effect on cystine solubility
[102]. It was found that nucleoside concentrations remained
significantly associated with lower cystine solubility after
correction for gender and for urine concentration [102].
These findings may represent new targets for cystinuria
research. In vitro findings have shown that increasing urine
pH greatly increases the effect of thiol drugs to solubilize

cystine, highlighting the importance of combining thiol with
alkali therapy [84]. Clinical trials should be performed to
confirm these in vitro findings. Investigation of newer thiol-
containing drugs [cysteamine and 2,3 dimercaptosuccinic
acid (DMSA)] has not yet lead to clinical use, however,
taking the severity of this particular stone disease into con-
sideration, this should not reduce the desire to look for new
drugs [71, 103]. Improved understanding of the molecular
biology of cystine transport hopefully will lead to more tar-
geted therapeutic options in the near future, reducing both
recurrences and side effects [104].

Methods for diagnosing cystinuria have been estab-
lished, however, a validated method of assessing and moni-
toring disease activity is still lacking [2].

Failure of pharmacological therapy may to a large
extend be contributed compliance problems. It has been
shown that the need for urological intervention for recur-
rent stones decreased with medical compliance [98], and
that introduction of a dedicated cystinuria clinic halved
intervention rate [95]. Centralizing the management of
patients with cystinuria to dedicated centres, therefore, may
be an equally important step towards better management
of this complicated group of stone patients. Such centres
should be able to offer the full range of minimal invasive
treatment modalities, enabling a personalized approach to
stone management. Such a multimodal approach including
methods to increase compliance to therapy should be evalu-
ated from an evidence-based perspective, including patient
reported outcome and quality of life measures [105, 106].

Conclusion

Cystinuria represent a major therapeutic challenge, and
pharmacotherapy of this serious stone disease has not
improved in decades despite new knowledge on the molec-
ular-genetic basis of the disease. Future studies on patho-
physiology and new treatment options are highly war-
ranted. Imaging may help defining patients suitable for
SWL vs. endourological procedures. Cystinuric patients
should be managed in dedicated centres offering the com-
plete range of minimal invasive treatment modalities, ena-
bling a personalized treatment approach in order to reduce
risk and morbidity of multiple procedures. Furthermore, a
multimodal approach has been shown to increase compli-
ance of hydration and medical therapy, decreasing the need
for invasive treatment. Early diagnosis and close follow-up
are mandatory, minimizing renal damage from both stone
disease itself and interventional stone therapy. Although
much is to be desired in terms of treatment efficiency, by
embracing all the tools of a personalized stone approach,
loss of nephrons in cystinuric patients in the twenty-first
century should be a rare event.
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