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Abstract

Cystinuria is an autosomal inherited disorder of dibasic amino acid transport in the proxi-
mal tubule and small intestine, being responsible for 1-2 % of urinary stones in adults and
up to 10 % in children. Recurrent stone formation and repeated need of surgical interven-
tion are typical for patients suffering from cystinuria and are possibly leading to an impair-
ment of renal function and quality of life. Thus, an appropriate strategy for stone removal
as well as medical recurrence prevention is of great importance but is also demanding.
Another most important factor is the patient’s compliance with conservative therapy.
However, many of these patients, who require a lifelong therapy and regular follow-up,
have problems achieving and maintaining a good adjustment. Traditionally, the disease was
classified by the urine phenotype, measured by excretion of amino acids. Increased under-
standing of the underlying genetic characteristics has led to a revised classification based on
the genotype. So far, two involved genes have been identified: SLC3A1 on chromosome 2
and SLC7A9 on chromosome 19. Their products form the b**-transporter, which transports
dibasic amino acids in exchange for neutral amino acids. Conservative therapy aims at
reducing the frequency of urological intervention and is based on two principles: to reduce
the saturation of urine with cystine and to increase the solubility of cystine in the urine.
Interventional therapy focuses on minimally invasive techniques. Despite the increased
pathophysiological and genetic knowledge regarding cystinuria, no new treatment modali-
ties could be derived from that during the last years.
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Introduction

Cystinuria is an autosomal recessive inherited disorder of
dibasic amino acid transport in the proximal tubule and small
intestine, being responsible for 1-2 % of urinary stones in
adults and up to 10 % in children [1]. Recurrent stone forma-
tion and repeated need of surgical intervention are typical for
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patients suffering from cystinuria and are possibly leading to
an impairment of renal function and quality of life [2]. Thus,
an appropriate strategy for stone removal as well as medical
recurrence prevention is of great importance but is also
demanding [3]. Despite the increased pathophysiological
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and genetic knowledge regarding cystinuria, no new treat-
ment modalities could be derived from that during the last
few years [4].

Epidemiology

The estimated global prevalence of cystinuria is 1:7,000 [5].
Considering the genetic transmission of the disease, it is not
surprising that the reported prevalence differs remarkably
from country to country. Since regular screening programs
are quite rare, the prevalence shown in Table 92.1 is approxi-
mate. Some of these prevalence rates were derived from
urine screening in newborns. Since maturation of SLC3A1
gene expression between midgestation and 4.5 years postna-
tal age may account for transient neonatal cystinuria [5],
these newborn screenings may have resulted in false high
findings.

Pathophysiology

Cystinuria is characterized by a hyperexcretion of cystine
and dibasic amino acids (lysine, ornithine, and arginine) into
the urine [6, 7]. This is caused by an impaired transport of
these amino acids across the apical membrane of epithelial
cells of the renal proximal tubule and small intestine [4, 8, 9],
thus hindering the reabsorption of the filtered amino acids
(normally 98-99 %) [10]. Although all of these amino acids
reach high concentrations in urine, only cystine is insoluble
enough to form stones [1]. Due to this poor solubility, hyper-
excretion and supersaturation lead to the development of
cystine stones [11, 12]. The impairment of the intestinal
transport does not result in malnutrition because the amino
acids can be formed by metabolism or taken up by another
transporter [13, 14].

The precipitation of characteristic hexagonal cystine crys-
tals is influenced by urine pH with an acidic pH promoting it
[15]. An alkaline pH > 8 leads to a threefold increase of cys-
tine solubility [16]. Varying effect of pH on cystine solubility
among patients suggests further influencing factors [17-19].
Besides known factors such as dietary intake of fluid, salt,
and protein, other, yet unknown, genetic influences can be
assumed to be contributory. This is supported by the obser-
vation that the proportion of cystine stone-producing mice
increases from 40 % in the second filial generation of
SLC7A9-knockout mice [20] to 85 % in the sixth filial gen-
eration [4]. Intake of dietary salt increases the cystine excre-
tion. However, no prospective study has shown a decrease in
stone activity resulting from sodium-restricted diets [17].
Another known factor is dietary intake of animal protein.
Lowered intake of the cystine precursor methionine reduces
urinary cystine excretion [21].
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Table 92.1 Prevalence of cystinuria

Region/population Prevalence References
Average 1: 7,000 [10]
Turkey 1: 772-1,000 [74,75]
Spain (east coast) 1: 1,887 [76]
Libyan Jews 1: 2,500 [77]
USA and Europe 1: 1,000-20,000 [1,77]
Australia 1: 4,000 [78]
Czech Republic 1: 5,600 [79]
Quebec 1: 7,200 [80]
Japan 1: 16,000-50,000 [81, 82]
Sweden 1: 100,000 [1]

In patients with cystinuria, eventually, the cystine crystals
will form stones with the corresponding typical clinical
problems like obstruction, pain, or infection. Cystinuric
patients are overrepresented among stone formers who have
lost a kidney [22]. Histological examination of papillary
biopsies of patients with cystine stones has shown cystine
crystal-plugged ducts of Bellini, with the surrounding inter-
stitium showing changes from inflammation to fibrosis. Also,
many inner medullary collecting ducts will be seen to be
dilated, some with and others without crystal plugs [22].

The main effector of cystine reabsorption in the kidney is
the amino acid transport system b>*, belonging to the family
of heterodimeric amino acid transporters (HAT). These
transporters, which consist of a heavy chain linked by a dis-
ulphide bridge to a range of light chains, prefer antiport
mechanisms which lead to exchange of amino acids [14]. In
the case of b**, the association of the light subunit called b>*
AT (neutral and dibasic amino acid transporter) with the
heavy chain called rBAT (related to basic amino transporter)
forms the active transporter, which transports dibasic amino
acids in exchange for neutral amino acids [14, 23]. Incorrect
assembly of the subunits, caused by genetic mutations, can
lead to clinical manifestation of cystinuria of varying sever-
ity, depending on the underlying mutation [24].

Genetics, Inheritance, and Classification

Positional genetics, genetic linkage studies, and mutational
analysis helped to identify two genes whose mutations cause
cystinuria [4]:

e SLC3A1 on chromosome 2 (gene locus 2p16), coding for
the heavy rBat subunit of the b®*-transporter [25]

e SLC7A9 on chromosome 19 (gene locus 19q12-13), cod-
ing for the light b®*AT subunit of the b>*-transporter [26]
So far, 133 mutations have been identified in SLC3A1

and 95 in SLC7A9. Reported mutations include nonsense,

missense, splicing, frameshifts, and large sequence rear-
rangements [4]. Five hundred seventy-nine mutated alleles in

SLC3A1 have been reported in patients from 23 countries,



92 Management of Cystinuria

frequencies varying regionally, and 436 mutated SLC7A9
alleles in patients from 18 countries [4].

Cystinuria is usually considered an autosomal recessive
disorder. Classification of the phenotype was traditionally
achieved by identifying the urinary excretion pattern of cys-
tine and dibasic amino acid acids of the obligate heterozy-
gous parents [4]. Three phenotypes have been described,
heterozygous relatives of patients with type I showing nor-
mal aminoaciduria, those of type II cystinuric patients hav-
ing a high hyperexcretion (not matching that of ahomozygous
patient), and type III relatives having a moderate hyperexcre-
tion (Table 92.2) [27].

Observation of the varying extent of amino acid excretion
in patients who carry the same mutation has led to a revised
classification to type I, non-type I (includes former type 11
and III), and mixed type (type I/non-type I). Due to rare for-
mation of cystine calculi with concomitant variable hyperex-
cretion of cystine in non-type I heterozygotes, an autosomal
dominant inheritance with incomplete penetration for the
cystine lithiasis trait is assumed for non-type I cystinuria [4].
A lack of genotype-phenotype correlation in some cystinuria
cases has led to the recommendation of a new classification
based on the genotype [24, 28], defining patients with muta-
tions in SLC3A1 as type A, patients with mutations in
SLC7A9 as type B, and patients with mutations in both
SLC3A1 and SLC7A9 as type AB.

Diagnostics

The average onset of the disease is during the second decade
of life, with male patients having a more severe evolution
and an earlier onset of symptoms [28]. Every younger stone-
forming patient should be suspected to have cystine stones,
especially if he or she is a member of a known cystinuric
family. Diagnosis of cystinuria is possible even before the
first stone has been passed spontaneously or extracted
(Table 92.3). For patients with stones, a diagnosis of cystine
stone can be confirmed by noting an increased urinary excre-
tion of dibasic amino acids or by identifying mutations on
both alleles of one of the involved genes. An excretion of
>1,300 pmol/g creatinine of cystine or >5,900 pumol total
dibasic amino acids also confirms the diagnosis in those
without stones. Genotyping analyses can also be made in
relatives of cystinuric patients.

Stone Analysis

Stone analysis should always be carried out after stone expul-
sion or extraction. Cystine stones have a pale amber color
and a waxy appearance. They often present as staghorn
stones at first diagnosis, due to their often rapid growth. Pure
cystine stones are identified in 60-80 % of cases. Potential
diagnostic error may occur due to partial analysis of the stone

759

Table 92.2 Cystine excretion in relatives (in pmol/g creatinine)

Type 111
100-900

Type I
<100

Type II
>900

[13]. A distinction between rough and smooth subtypes of
cystine stones has been made by electron microscopic evalu-
ation. Smooth calculi have an irregular, interlacing crystal
structure and are thereby more resistant to fragmentation
than those of the rough subtype [29].

Radiological Appearance

Cystine stones are easily detectable by ultrasound. They
appear poorly radio-opaque on plain film (Fig. 92.1). In case
of large stone masses or a mixed stone composition, they
may appear radio-opaque. In computed tomography (CT)
cystine stones appear poorly attenuated, with CT-collimation
and stone size influencing the attenuation [30]. The CT-based
prediction of stone composition remains an interesting issue
for research. Latest reports using a dual-energy multidetector
CT with postprocessing techniques showed good results
[31]. However, these findings are not yet generally trans-
ferred to routine clinical practice.

Urine Analysis

Microscopic morning urine examination may reveal typical
hexagonal cystine crystals (Fig. 92.2) that confirm the diag-
nosis. However, their absence does not exclude the diagnosis
because they are only detectable in 20-39 % of urine speci-
mens from cystinuric patients [1, 32]. Since cystine contains
sulfur, the urine may have the characteristic smell of rotten
eggs. Quantitative daily cystine excretion is determined by
ion-exchange chromatography from collected urine. Twenty-
four-hour urine collection is not only important for determi-
nation of cystine excretion but also for other metabolic
abnormalities like hyperuricosuria, hypocitraturia, and
hypercalciuria, which can be found in up to 45 % of cystinu-
ric patients [33]. It should be performed regularly to plan and
monitor the therapy. For a proper determination of cystine
excretion, sodium bicarbonate should be added to the urine
to achieve a pH above 7.5. In this way, cystine dissolution is
promoted and false reporting of low cystine values can be
avoided. Patients excreting 1,300 pmol of cystine per g crea-
tinine are presumed to be homozygous and need further eval-
uation and treatment [34].

Conservative Management of Cystinuria

Recurrent stone formation causes repeated need of urologi-
cal intervention with typical associated risks. Due to ongoing
improvement of minimally invasive techniques, these are
today’s preferential treatment modalities in case of existing
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Table 92.3 Definition

J4e3 Stone present
of cystinuria

Increased urinary
excretion of dibasic
amino acids

genes

Following Dello Strologo et al. [77]

or Identification of
mutations on both alleles
of one of the involved

No stone present

Excretion in 24-h urine umol/g creatinine
>1,300
>5,900

Cystine only
Dibasic amino acids total

Fig.92.1 Cystine stones on plain film

stones. To reduce the frequency of intervention, conservative
treatment plays a great role in the management of cystinuria.
It is based on two main principles: to reduce the saturation of
urine with cystine and to increase the solubility of cystine in
urine. The former goal can be achieved by either lowering
the excreted amount of cystine or by reducing the excreted
cystine to better soluble cysteine or by increasing the total
urine volume. Raising the urinary pH level entails an
improved solubility of cystine.

Patient compliance is an important issue as patients often
have problems to maintain the necessary high urinary flow,
urine alkalinization, or the rigorous low-sodium, low-protein
diets used to reduce cystine excretion [35]. Also, available
pharmacological therapy often has adverse side effects that
lower patient compliance with the therapy. Despite the
increased pathophysiological and genetic knowledge regard-
ing cystinuria, no methods to fix the transport-defect have
been found as yet. Recently, an approach to retard cystine
crystal growth was reported, by using new compounds in an
in vitro environment [36]. However, it remains to be seen
whether this can lead to an applicable in vivo therapy.

For all patients first-line therapy includes increased fluid
intake, urine alkalinization, and low-salt diet. Other medical
approaches are reserved for those patients who do not
sufficiently respond to these measures.

Fig.92.2 Cystine crystals

Urine Dilution

The single most important factor for cystine-stone preven-
tion is a constant hyperdiuresis to decrease the urine satura-
tion with cystine. Up to pH 7 cystine solubility is
approximately 250 mg/L (1 mmol/L); at a pH above 7.5, this
is doubled to 500 mg/L (2 mmol/L); and at a pH above 8, it
is tripled to 750 mg/L (3 mmol/L) [16]. Since a homozygous
cystinuric patient excretes 600—1,400 mg of cystine per day,
the needed urine volume ranges from at least 2.4-5.6 L.
Usually, the total daily urine volume should be at least 3 L,
thus making a daily intake of at least 4—4.5 L of fluid desir-
able. In children, fluid intake should be 1.5 L/m? body sur-
face. Ideally, this should be evenly distributed in equivalent
doses across 24 h. Therefore, it is important to advise the
patient to drink before going to bed to provoke nocturia, as
well as to drink during the night after micturition [37, 38].
The European Association of Urology recommends an
hourly intake of at least 150 mL in its 2011 guidelines update
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[39]. Urine neutral and alkalizing beverages like mineral
water (preferably high in bicarbonate and low in sodium),
herbal teas, and citrus juices are recommended. Dilution suc-
cess can be evaluated by patient’s use of dipstick tests, keep-
ing the urine specific gravity below 1.010 [40].

Dietary Prevention

Although it was shown that reduced intake of animal protein
lowers the urinary excretion of cystine [21], such restrictions
to the menu are not accepted by most patients and are there-
fore not generally recommended. Adults should follow a
mixed common sense diet with relatively low protein. Protein
restriction is not recommended in children [1].

Reduction of dietary intake of sodium chloride has been
shown to reduce urinary cystine concentration significantly
[41, 42]. Therefore, a reduction to less than 2 g/day has been
recommended for adolescents and grown-ups [43]. A low-
salt diet is also effective in children [44]. However, compli-
ance with dietary restriction is often poor.

Urine Alkalinization
As described previously, the solubility of cystine increases
with higher urine pH values. Therefore, continuous urine
alkalinization is another important measure to improve cys-
tine solubility. This can be achieved by either administering
potassium citrate or sodium bicarbonate [45]. The latter is
only recommended in cases with severe renal insufficiency
because sodium increases the urinary cystine excretion.
Therefore, potassium citrate is the first-line treatment for alka-
linization in cystinuric patients. It should be given in 2—4 sin-
gle doses of 3—10 mmol. Monitoring of the urine pH should be
performed at least three times a day to keep a constant pH of
at least 7.5. After starting with low doses, careful adjustment
should be carried out until therapeutic pH values are reached.
Monitoring of serum potassium levels is advisable [45].
There are reports that azetazolamide, a sulfonamide, can
beused toreinforce the alkalizing effect of other pH-increasing
therapy [46]. But then, azetazolamide is known to increase
the risk of calcium phosphate stone formation and long-term
data is not yet available. No general recommendation can be
made at the moment.

Pharmacological Therapy

In case of a urinary cystine excretion above 3 mmol/day or
if the aforementioned measures fail to prevent cystine stone
recurrence, further pharmacological intervention is needed.
Thiol-containing compounds can cleave the disulfide bond
of cystine, forming mixed disulfides with the cysteine mono-
mers that are as much as 50 times more soluble than cystine
[47] (Fig. 92.3). Most widely studied and used thiol agents
are D-penicillamine (DP) and a(alpha)-mercaptopropionyl-
glycine (MPG, thiopronin) [48, 49]. In one study, MPG was
shown to be 50 % more effective than DP [35]. Although
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both have the same side effect profile, MPG appears to have
significantly lower frequency and severity of side effects
[19], which is why it is the favored treatment option today.
However, in a recent study, a good tolerance to DP was
shown in a cohort of American children [50]. Typical side
effects include rash, arthralgia, leukopenia, gastrointestinal
intolerance, proteinuria, and nephrotic syndrome [43], thus
occasionally limiting treatment success. It has been shown
in a mouse model that the efficacy of MPG therapy is highly
dependent on urinary pH [51] and should therefore always
be based on a combination with urine alkalinization. The
suggested initial MPG dose is 250 mg/day, which may be
consecutively increased to a maximum dose of 2 g/day [39].
An early tachyphylaxia is possible. Treatment in children
must be individualized as the required amount of drug is
strictly dependent on body size [52]. The recommended dos-
age is 20—40 mg/kg body weight administered in two doses,
which is important as cystine excretion is higher during the
night [45].

Captopril, an angiotensin-converting-enzyme inhibitor,
contains free sulthydryl groups. Reported results regarding its
therapeutic use in cystinuria are controversial [37, 48, 53-55].
Therefore, it remains a second-line therapeutic option, appli-
cable when MPG therapy is unfeasible or unsuccessful [39].

Likewise, the use of ascorbic acid as a therapeutic agent
for cystinuria is controversial [56, 57]. It has limited
reductive power and is estimated to lower urinary cystine
levels by about 20 % [56]. It was assumed that the positive
effect on stone formation could be traced back to the frac-
tion of sodium bicarbonate in the fizzy tablets used. High
ascorbic acid supplementation may also increase urinary
oxalate concentration and should therefore be avoided
in patients with simultaneous calcium oxalate stone
formation [58].

Many cystinuric patients form stones of mixed composi-
tion [29]. Hypercalciuria, hyperuricosuria, hyperoxaluria,
hypocitraturia, or infections might accompany cystinuria and
should be determined and treated if necessary.

Urological Intervention

Despite the prophylactic conservative treatment, recurrent
stone formation is common in cystinuric patients, thus leading
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to a repeated need of urological intervention. Today, mini-
mally invasive procedures are preferred in almost all cases.
Indication criteria are generally the same as for any patient
with urinary stones. The chosen technique does not
influence stone recurrence, but being totally stone free after
the procedure results in a longer time interval until stone
recurrence [59].

Extracorporeal Shock Wave Lithotripsy

Cystine stones are usually considered to be relatively resis-
tant to extracorporeal shock wave lithotripsy (SWL), which
often leads to multiple treatments, especially in cases of
larger stones. The classification in rough and smooth subtype
in combination with a possible increasing clinical use of
CT-based prediction of these subtypes could lead to a better
selection of SWL-suited cystine stones. However, in regard
to the low invasiveness and recurrent stone events in cystinu-
ric patients, SWL remains the primary therapy option for all
stone sites of the upper urinary tract and stone sizes below
1.5 cm, particularly in children [60-62]. Treatment success
in case of lower pole stones might be limited due to remain-
ing fragments, depending on anatomic characteristics (steep

No Stones Present

Urine dilution Urine alkanization

¢ Daily intake of >4.5 |/day

* 1.5/ m2 body surface
(children)

¢ Drinking during the night

pH constant > 7.5 .
Potassium citrate

Sodium bicatbonate only .
if renal insuff.

pH dipstick monitoring

intake

Monitering of serum
potassium

Regular Follow-Up Examination

or recurrent stone formation

Additional Medical Therapy

Alpha-Mercaptopropionylglycin

If not sufficient, second line therapy may
be tried, use is controversial debated

Captopril, (Ascorbic acid, Azetazolamid)

Fig.92.4 Therapy overview

Dietary prevention

Max. intake of 2g sodium
chloride / day
Relatively low protein

Urinary cystine excretion > 3 mmol / day

D-Penicillamine

infundibular-pelvic angle, long lower pole, narrow infundibu-
lum) [39, 63-66].

Ureterorenoscopy

Due to the development of new small semirigid and flexible
scopes and the availability of the holmium:YAG laser, ure-
terorenoscopy (URS) offers a safe and efficient alternative
for the treatment of cystine stones [67, 68], even in prepuber-
tal children [69]. This applies especially to all ureteric sites
and also to all localizations in the collecting system, although
larger stone masses lead to long operative times, thus making
a percutaneous approach or SWL more favorable. URS offers
a good treatment opportunity for fragments refractory to
prior SWL treatment.

Percutaneous Nephrolithotomy

For stones exceeding 1.5-2 cm or calyceal diverticular
stones, percutaneous nephrolithotomy (PNL) is recom-
mended and is also well suited for the treatment of cystine
stones. Monotherapy (Fig. 92.4) with PNL is safe and
efficient in the management of staghorn and complex renal
calculi in one single hospital stay. It may be combined with

Stones present

SWL PNL

<1.5 cm stone >1.5 cm-2 cm
size stone size
Less effective Calyceal

in lower pole diverticular
stones stones

Better Sandwich
disintegration theropy

of rough ECIRS
subtype- Mini-PNL
stones

URS

Safe and
efficient
alternative
Smaller
stones
Ureteric site
SWL
refractory
stones
Ho:YAG laser

Open or Laparoscopic Surgery

Reserved for selected cases
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SWL, so-called sandwich therapy, or with URS, even in one
procedure [70], if necessary. Simultaneous PNL and URS
(endoscopic combined intrarenal surgery, ECIRS) allows cir-
cumvention of multiple tract access in case of large and com-
plex stone situations. The use of miniaturized instruments
(Mini-Perc) as an alternative to conventional PNL [71, 72]
has facilitated the successful application of PNL in the pedi-
atric population [73].

Conclusion

Cystinuria is responsible for 1-2 % of urinary stones in
adults and up to 10 % of stones in children. The higher
incidence reported in children might result from screen-
ing of newborn urines which detects transient cystinuria,
which disappears as the SLC3A1 gene expression matures.
Cystine stones are recurrent and impair renal function and
the quality of life. The recurrent nature of the stone
requires that definitive treatment be minimally invasive
and active attempts be made to reduce recurrences by
approaches that lower the saturation of urine with cystine
and increasing the solubility of cystine in urine.
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