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Cystinuria, accounting for about 1-2% of kidney stones in adults, carries significant morbidity beginning
at a young age [1]. Cystine stone formers have more stone events compared to other stone formers, as well
as more surgical interventions, potentially contributing to faster progression to chronic kidney disease
(CKD), and end-stage kidney disease (ESKD) [2]. Successful medical therapy for cystine stone formers
may be limited by adherence to the extensive lifestyle changes and the adverse side effect profiles of some
interventions, leading to decreased quality of life for these patients relative to other stone formers.

Cystinuria is a rare genetic disorder characterized by
high urine cystine excretion and kidney stone formation
and is a life-long disease.

PATHOPHYSIOLOGY

Cystine is a homo-dimer of the amino acid cyste-
ine. Cystine transport occurs within the proximal tubule
of the nephron and its transepithelial transporter is also
responsible for the transport of the dibasic amino acids
ornithine, lysine, and arginine (COLA). This transporter
is also found within the gastrointestinal (GI) tract, though
this aspect has no known significance with regard to pa-
thology of the disease [3]. The transporter consists of two
subunits linked by a disulfide bond, rBAT and b0,+AT1
and functions by binding to the dibasic molecule cystine
within the lumen of the proximal tubule where it is then

reduced to individual cysteine molecules before return-
ing to the bloodstream. Normal excretion of cystine is
<30mg/day, while those with the defective transporter
excrete at least 400mg/day and even as much as 3600mg/
day [4].

Cystinuria is caused by a genetic defect within this
transporter. Two known mutations involve SLC3A1 and
SLC7A9, though up to 5% of patients do not have an iden-
tified mutation [5]. A novel transporter, AGT1, in a distal
segment of the proximal tubule, has been recently found
in mice to be involved in the transport of cystine, which
could explain unidentified mutations in humans causing
cystinuria [6]. SLC3A1 encodes for rBAT. Patients with
this mutation are classified as type A cystinuria. While the
most common mutation involves a substitution mutation
resulting in defective transport of the transporter to the
membrane, there are more than 575 other identified mu-
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tations [7]. SLC7A9 is responsible for encoding the other
subunit, b0,+AT1. Patients with this mutation are clas-
sified as having type B cystinuria. Patients may also be
classified as having type AAB or ABB cystinuria, where
an individual would carry a defect in both of these genes.
The International Cystinuria Consortium (ICC) estimates
that 38% of their subjects are type A, 47% type B, and
14% type AAB or ABB [3]. Although holding promise
to possible individualized medicine in the future, this
classification scheme currently holds little phenotypic or
clinical significance.

The pattern of inheritance for these mutations is
recessive. However, studies in SLC3A1 knockout mice
demonstrated that approximately 82% at age 1 month,
and 2% at 1 year had no cystine stones, suggesting a
possibility that there are environmental and epigenetic
effects causing incomplete penetrance in humans [5].

EPIDEMIOLOGY

World-wide prevalence of the disease is about
1:7,000, but significant ethnic variations exist. Libyan
Jewish people in particular have higher occurrences of
the disease, whereas the rates in the Swedish population
are 1:100,000 [8]. Cystine stones account for about 1-2%
of adult stones and 6-8% of pediatric stones [9].

Average age of clinical presentation is around 12
years, with boys typically presenting earlier than girls. It
is possible for cystinuria to present during later decades
in life, especially in heterozygotes who might only pres-
ent during moments of dehydration when cystine crys-
tallization is possible. Men are also more likely to have
more severe presentations of the disease with twice as
many stone events per year compared to women [10]. As
such, men tend to have more interventions and episodes
of acute kidney injury, potentially leading to more rapid
CKD progression.

CLINICAL PRESENTATION AND
DIAGNOSIS

As with other stones, cystine stones can present with
flank pain radiating to the groin, hematuria, dysuria, as
well as systemic symptoms such as nausea and vomiting.

Diagnosis of the acute event is typically with imag-
ing by ultrasound or computerized tomography (CT) and
is not specific to cystinuria. Though plain radiographs
may miss cystine stones as they are radiolucent (unless
co-precipitating with calcium), they are easily visualized
on CT scans. Large staghorn calculi, bilateral stone dis-
ease, and presentation in childhood should raise suspicion
for a genetic etiology of stone disease.

The diagnosis of underlying cystinuria can be made
with urinalysis and microscopic evaluation, which may
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Figure 1. Classic Hexagonal Appearance of Cystine
Crystals on Urine Microscopy

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

reveal hexagonal crystals (Figure 1). Though highly spe-
cific if present, the absence of crystals does not exclude
disease given sensitivity rates as low as 25% in pediatric
patients [11]. If evaluation for crystals is not performed
on presentation or crystals are not visualized, a qualita-
tive cyanide-nitroprusside screen can be done. Addition
of the solution to urine produces a purple color, revealing
the presence of >75mg/L of cystine excretion (normal
is <30mg/L). Sensitivity for this test is around 75% and
involves toxic reagents, making this screening modality
less favored among some clinicians [12]. A total cystine
measurement on a 24-hour urine collection, although
more challenging to perform for pediatric patients, is
the most widely used form of testing. It can be used to
quantify cystine excretion and extrapolate this to future
fluid intake goals, as well as determine if more aggres-
sive medical intervention is warranted. Stone analysis by
infrared spectroscopy and X-ray diffraction is considered
the gold standard for diagnosis by most societies [13].

Genetic testing is currently not widely recommend-
ed, although some societies including the Metabolic
Nephropathy Joint Working Group of the European Ref-
erence Network for Rare Kidney Diseases have released
recommendations including genetic testing as part of
genetic counseling for families [13].

TREATMENT

In the acute setting, treatment of cystine stones is
very similar to treatment of other stones, with hydration
and analgesia being the usual treatment. Based on the size
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Table 1. Pharmacologic and Lifestyle Interventions in the Treatment of Cystinuria

Class of Example of Mechanism of Side Effects
Intervention Intervention Action
Recommended Lifestyle Increased fluid intake Decrease the Significant reduction
for all patients changes Decreased protein concentration of in protein intake not
with symptomatic intake cystine below the = recommended in pediatric
cystinuria Decreased salt intake solubility patients.
Alkalinizing Potassium citrate Alkalinization of Abdominal pain, nausea,
agents Sodium bicarbonate  urine to increase vomiting. Sodium bicarbonate
cystine solubility is preferred in in patients with
renal insufficiency.
Recommended Cystine-binding D-penicillamine Reduction of Nausea, diarrhea, rash,

for patients

with persistent
nephrolithiasis
despite above
measures or high
levels of cystine
excretion

thiol drugs Tiopronin

oral ulcers, abnormal taste,
arthritis, cytopenias, nephrotic
syndrome, copper and zinc
deficiency, and liver toxicity.
Vitamin B6 deficiency with
use of D-penicillamine.

cysteine and
binding to free
cystine

Acetazolamide and captopril are no longer recommended due to lack of efficacy as well as side effect profile.

of the stone and its location, conservative management
or surgical intervention may be warranted. Stones with
signs of infection or severe obstruction should undergo
decompression with stent or nephrostomy placement with
subsequent targeted management of the stone. In terms of
definitive interventions, retrograde ureteroscopic stone
retrieval is preferred, followed by percutaneous nephroli-
thotomy for larger stones, with exceedingly rare need for
open surgery or nephrectomy for very large stones [14].
Extracorporeal shockwave lithotripsy (ESWL) is not rec-
ommended given lack of efficacy for cystine stones [15].
The ultimate goal for treatment of patients with
symptomatic cystinuria is to reduce the urine cystine con-
centration below the solubility limit for cystine through
higher urine volumes and higher urine pH, as cystine sol-
ubility increases at alkaline urine pH (Table 1). Generally,
patients are instructed to maintain urine output of at least
3L/day, thus necessitating fluid intake at least 3.5-4L/day.
Individualized recommendations are based on total daily
cystine excretions which are used to calculate volumes
necessary to reduce cystine concentrations to below
250mg/L at a pH of 7 [16]. It is important to emphasize
that a large fluid bolus should be taken before sleep due
to the diurnal variation of cystine excretion. Prot-Bertoy
et al. demonstrated in a group of 89 patients, presence of
cystine crystalluria was found in <20% of patients with
a goal specific gravity of <1.005, regardless of urine pH
[17]. This makes specific gravity a good marker of urine
output goal, particularly in highly motivated patients.
Alkalinization of urine is predominately done with
potassium citrate (60-80mEq, divided into 3 or 4 dos-
ages per day) [18]. Sodium bicarbonate is an alternative
alkalinizing agent when patients are not able to tolerate

potassium citrate or in cases of severe renal insufficiency.
However, it is not the preferred agent given the sodium
load that is ideally avoided. Patients are educated on using
pH test strips at home to titrate their alkalinizing therapy
to a pH goal of 7.5-8. Unfortunately, at higher urine pH
comes the risk of calcium phosphate stones, thus careful
titration for optimal therapeutic benefit is key.

Additional recommended lifestyle changes to min-
imize the number of stone events include a low sodium
and low protein diet. Although the cystine transporter is
largely sodium-independent, it is thought that high sodi-
um diets increase cystine excretion. Furthermore, higher
urinary sodium is associated with hypercalciuria, so lim-
iting dietary sodium is advisable to prevent formation of
calcium phosphate stones, which can also be seen in pa-
tients with cystinuria, particularly with treatment. A diet
of 1-1.5mEq sodium/kg/day is recommended in children,
while adults are counselled to limit intake to <80-100mEq
per day [13]. Patients are also recommended to limit dai-
ly protein intake to less than 1g/kg as the breakdown of
methionine leads to an increased production of cystine, as
well as lowering the pH of urine by increasing acid pro-
duction. However, this recommendation is not realistic in
pediatric patients so as to not restrict growth [19].

When these conservative measures are not sufficient
to reduce or prevent stone events, or when 24-hour urine
collection reveals extremely high levels of cystine ex-
cretion, thiol-based interventions should be considered.
Two medications within this class of drugs include tio-
pronin and D-penicillamine. They function by splitting
the disulfide bond between cysteine molecules, making it
more soluble in urine. As discussed further below, there
are several potential side effects from this class of drugs
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including nausea, diarrhea, rash, oral ulcers, abnormal
taste, arthritis, cytopenias, nephrotic syndrome, copper
and zinc deficiency, and liver toxicity. Though previously
advising laboratory monitoring for cytopenias and hep-
atotoxicity, the FDA now recommends only monitoring
for signs of proteinuria [20]. D-penicillamine can also
cause a vitamin B6 deficiency, thus supplementation with
pyridoxine is recommended with therapy [21].

Captopril, an angiotensin receptor inhibitor, had pre-
viously been seen in in vitro studies to have increased
cystine solubility through thiol-like properties. However,
human studies did not demonstrate efficacy, and it is no
longer recommended as an alternative agent [22]. Acet-
azolamide was another potential therapeutic option for
urinary alkalinization. However, due to its adverse side
effect profile and concern for potentiating risk of calcium
phosphate stones, it too is not recommended for therapy
[23].

Renal transplantation is curative as it replaces the
defective transporters but is only employed in the setting
of end-stage kidney failure.

CHALLENGES AND PROGNOSIS

Diagnostics

A quantitative measure of treatment efficacy had
been elusive for some time as measurement of cystine
solubility varies widely between individuals and urine pH
[24]. In addition, thiol-based drugs can be deceptive in
measuring cystine solubility as it is difficult to distinguish
cystine bound to the drug from free cysteine. However,
measurement of cystine supersaturation through the use
of solid-phase assays has proven to be a reliable indicator,
including in the presence of pharmacologic interventions,
in order to titrate treatments to minimize stone events
as well as unwanted drug side effects [25]. This assay
is done by adding and incubating cystine crystals with
sample urine to allow an equilibrium between solid and
liquid phases of cystine to be reached. This is followed by
measurement of the amount of precipitate formed. For-
mation of more precipitate than the added cystine is in-
dicative of supersaturated urine, meaning more prone to
formation of stones, while solid cystine dissolving in the
urine represents undersaturated urine, which is the goal of
treatment. Unfortunately, few centers in the United States
are able to perform such assays, making these techniques
difficult to utilize in some clinical settings.

Treatment

Predictably, patient compliance with the aforemen-
tioned treatment methods is a major obstacle. Patients are
advised to make significant lifestyle changes including
large amounts of volume intake, dictary restrictions, as
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well as continuous monitoring of urine goals and param-
eters. This is particularly a challenge in pediatric patients,
who make up a large proportion of this patient popula-
tion. In very young children, fluid goals at times can only
be met once alternative enteral feeding methods such as
nasogastric tubes or gastrostomy tubes are placed. Per
Pietrow et al., only 15% of patients were able to meet
cystine concentration goals of <300mg/L, while a major-
ity were only transiently successful [26].

In terms of medical intervention, the side effect pro-
file of some drugs as well as their dosing requirements are
a hinderance to compliance. For example, limiting factors
in potassium citrate tolerability are gastrointestinal side
effects, plus most patients require three-to-four times a
day dosing for proper alkalinization. As discussed above,
thiol-containing medications such as tiopronin and
D-penicillamine contain several potential side effects.
Prot-Bertoye et al. in a study of French patients found
reports of adverse reactions to be 81.2% and 78.1% in
patients treated with tiopronin and D-penicillamine,
respectively, however, adverse events from tiopronin re-
sulted in less discontinuation of therapy, meaning it was
likely more tolerated than D-penicillamine. During this
study, gastrointestinal, nephrotic, and mucocutaneous
lesions were the most common adverse reactions [17]. If
tolerated, however, these medications have been shown
to be effective in preventing stone formation in 70% of
patients [27].

Even with patient compliance and optimal manage-
ment, stone events may still occur resulting in lower qual-
ity of life compared even to other stone-forming groups.
Patients with cystine stones tend to need a longer time
to recover, require more surgical interventions, and have
more stone events per year. Within cystine stone formers,
though, per Modersitzki et al., patients treated with ti-
opronin tended to have better quality of life measures
than non-treated patients, demonstrating that if they can
tolerate the side effects, patients tend to do better taking
thiol-containing drugs [28].

Complications

Hypertension is a very common complication of
cystinuria, seen in up to half of patients [29]. When treat-
ed, this further adds to the pill burden of these patients.
Deterioration in kidney function is another concerning
complication, with as many as 26.8% developing stage 3
CKD with an estimated glomerular filtration rate (¢GFR)
of <60mL/min/1.73m?, and a small proportion progress-
ing to end-stage kidney disease (ESKD) [30]. This further
complicates treatment as thiol agents should be discontin-
ued once the eGFR <60mL/min/1.73m?, thus limiting use
of therapeutics associated with improved quality of life.
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FUTURE DIRECTIONS

Although treatment for this disease is currently a
challenge for both the physician and the patient, there are
promising new therapies that demonstrate the potential
to reduce stone events and improve quality of life for
patients without the side effects of current therapies. For
example, L-cystine and a-lipoic acid (ALA) were both
promising in mice studies to make cystine more soluble
in urine [21,31]. ALA is currently undergoing Phase 2
trials in humans [32]. Selenium, another over-the-counter
agent, demonstrated some benefit in a small study in the
Middle East [33]. Bucillamine, a medication used for
rheumatoid arthritis in Japan, demonstrated promise and
is potentially more effective in reducing stones than tio-
pronin and is currently in Phase 2 trials as well [34]. Re-
combinant human enzymes and cystine growth inhibitors
are also undergoing exploration in early trials as potential
treatments. Chaperone therapies, aimed at preventing
proteins from misfolding, are a potential unexplored ther-
apy that holds promise as several mutations in cystinuria
are linked with misfolding events [7].

SUMMARY

Cystinuria is a predominantly autosomal recessive
disease of COLA transport in both the GI tract and the
proximal tubule, resulting in formation of debilitating
cystine stones that bring about significant complications
including hypertension and CKD, as well as reduced
quality of life for those affected. Treatment for this dis-
ease at this time include behavioral modifications, uri-
nary alkalinization, as well as thiol-containing drugs, the
latter limited by a significant side effect profile. However,
patients who can tolerate these medications and remain
compliant tend have fewer stone events, and thus, better
quality of life measures. Although therapies are currently
limited, new research developments, including molecular
treatments, are on the horizon and may alter the treatment
paradigm.
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