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GU IDELINES

No recommendationgossiblebasedon Level | or Il evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestionarebasedn Levellll and IV evidence)

Diagnosis

¥ Cystine stones are diagnosedby stone analysis sup-
ported by the presenceof cystine crystals or abnormally
large quantities of cystinein the urine.

Treatment

¥ Stone growth and recurrencesin cystinuria can be
prevented by drinking suflcient Buid to increaseurine
volumeto at least3 L/day.

¥ Thiol drugsand orally active urinary alkalinisers are
valuableadjunctsto high Ruid intake.

BACKGROUND

Cystine stonesoccur in subjectscarrying two autosomal
mutant allelesresultingin excessiveexcretion of cystine,
ornithine, arginine and lysine B hence the condition
cystinuria.

About 1:15D2%00 NSW neonateshave beenfoundto
havecystinurial with a genefrequencyin Australia calcu-
lated to be about1:4000individuals®® Since thesestudies
were published, the mutant alleles have been idextiend
possiblythere have been changesin Australian genetic
demographicsTherearethreeclinical subtypesTypel het-
erozygotesxcretenormal amountsof cystine,typesll and
Il heterozygotesavehigherthan normalamountsbut less
than in the homozygotetoneformers Mixtures,e.g.typel/
1, canoccur Typel/l Oclassicaystinuriads dueto muta-

Mutationsin the SCL 7A9 geneon chromosomé areasso-
ciatedwith non-typel diseaselhe specile genefrequencies
in the Australian population have not beenreported.For

simplicity, in theseguidelinespatientswho havetwo alleles
with mutations of any of the geneswill be referredto as

OhomozygotesO.

SEARCH STRATEGY
Diagnosis

DatabasesearchedMedline (1966to JuneWeek?2, 2004)
PMeSH termsandtext wordsfor identifying cystinestones
werecombinedwith MeSH termsand text wordsfor iden-
tifying diagnosticstudies.

Date of searches23 July2004.

Prevention

DatabasesearchedMedline (1966to JuneWeek1, 2004)
DPMeSH termsandtext wordsfor identifying cystinestones
werecombinedwith MeSH termsand text wordsfor inter-
ventions,andthen combinedwith (i) the Cochranesearch
for randomizedcontrolled trials (RCTs); and (ii) MeSh
termsandtext wordsfor identifying meta-analyseand sys-
tematic reviews.

Date of searches23 July2004.

WHAT IS THE EVIDENCE?

No RCTsareavailablewhich addresshis issue.
Thereareno publishedevelsof evidencefor epidemiol-

ogy Levelsof evidencefor diagnosiglependon a suitable

goldstandardfor which noneexistsin cystinestonedisease.

tions in the SCL3A1 gene on chromosome 2. Homozygotes There areno publishedRCTsto evaluatetherapiesin cys-

usuallyhavetwo differentmutationsof the SCL3A1 gene.
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tine stonediseaselt is thus not possibleo produceguide-
lines for cystine stone diseasebasedon Level | and Il

evidence.The literature cited for therapyrefersstrictly to
thosereportingstonegrowthor recurrencen adult cystinu-
rics,not thosereportingeffectson urinarycystineor cystine
crystalformation.
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LEVEL Il AND IV EVIDENCE
Diagnosis
Clinical

Homozygougystinuricsexperiencestone episaleswhich
usuallycommencen the brsttwo decade®f life, but may
Prstoccurat anyage.Smith and Wilcken? foundin Austra-
lia that 62% of cystinuricshad a stoneepisale by 25 years
of ageb consistentwith generalinternational experience.
Accordingly, recurrentstonediseasef childhood onsetis of
valuein suggestingystinuria;howeveronsetin adulthood
doesnot excludethis diseaseAs cystine stonesoccur in
patientswith two mutant alleles,the stonediseasés effec-
tively an autosomatecessivérait; hencesiblingsaresome-
times also affected.However many other forms of stone
diseasarefamilial, sothis is not suffeiently characteristic
to be diagnostic.

Radiological

The radiologicalappearancehoughsuggestivas not diag-
nostic. Often bilateral, the stonesare usuallyradiologically
opaquebut lesssothan calciumstonesand sometimeshey
are radiolucent. They may have a uniform OgroungjlassO
appearanceand cangrowto HI the pelvicalyceakystenas
a Ostaghore@culus.

Urinary cystine crystals

The presencef hexagonaliat plate crystalsn the urineis
diagnosticof cystinuria,but haslimited sensitivity asthis
depend®n urine concentration,pH andtemperatureThey
are thereforefrequently absent,especiallyin dilute urine,
hencethis hasa reportedsensitivity of lessthan 30%.

Urinary cystine

Normal individuals excrete less than 100mg/day
(<0.42mmol/24h), <50 mg/gcreatinine (<15 mmol/mmol
creatinine) of cystinedependingon the methad of analysis
and populationstudied.

Homozygougl/I, 11/11, 11I/11l) stone-formingcystinurics
excreteamountsaround5b1Qdimesnormal. Typed! andlll
heterozygotebave intermediateexcretionrates,with type
Il excretinglesg2b3timesnormal) than typelll (3D4times
normal). Typel heterozygotesxcretenormalamounts.

There are a variety of methodsto detectcystinein the
urine. The cyanide-nitroprussideeaction givesa colouri-
metric method for determiningthe presenceof cystinein
urine and is useful as a screeningtest particularly for
homozygotesalthough with modibcationmost heterozy-
gotes with abnormal cystine excretion will be also
detected’®

High performancdiquid chromatographyHPLC) is a
more sensitive, specile and quantitative method for
measuringcystine and other amino acidsin the urine 3’

For accuratediagnosisand quantifcation, HPLC is thus
recommended.

Both HPLC and ion exchangechromatographycan be
usedo assedseecystineexcretionin the presencef thiol-
cysteinedisulphidesproducedoy reactionwith thiol drugs
The usefulnessf doingsohasnot beendemonstratedo the
extent that this could be justiked in usualpractice.

Genetic testing

Although the mutationsin the SLC 3A1 and SLC 7A9
geneshave been characterizedn severalpopulations’®2
genetictestinghasasyet little placein the clinical careof
cystinuricpatientssincephenotypeis moreimportant than
genotype'?

Heterozygotesftypesll andlll canbedetectedby urine
analysisin the future,howevey SLC 3A1 mutationanalysis
maybevaluable for instance,in detectingheterozygositpf
type | in a prospectiveparent intending mating with a
homozygougystinuric, where 50% of children would be
expectedo havehomozygousystinuria.

Prevention of stonerecurrence
Increased fluid intake

Forover50yearsf studiesjt hasbeenknown that the sol-
ubility of cystinein urineis greatetthan in wateror buffered
solutions,with crystalsforming at pH 5B7 with concen-
tration around250D550ng/L***® Sincehomozygotesften
excrete>1000mg/dayit canbecalculatedhat urine excre-
tion of >3b4L/dayis necessarto preventstoneformation.
Increasediuid intake hasthus beena cornerstoneof treat-
ment for over 50 years Particularattention shouldbe paid
to nocturnal supersaturatior.

Dent etal'® attemptedto assesthe efizacyof largevol-
umesof urine on cystinurics,reportingon 18 patientsfol-
lowed from 1945to 1960, bve of whom alsowere given
salium bicarbonatgone changedo potassiunbicarbonate
becausef hypertension).In 12 of the 18 patients,stones
either dissolvedor the patientsremainedstone-free They
suggestethat poor uid intake had occurredin the other
Pvepatients.

Increasediuid intake is thusrecommendedhut hasnot
beensubjectedo randomizedlinical trial in cystinuria.

Alkalinization of urine

The suitability of cystinein urine increasewith pH, but
only signibcantlyaspH exceedd'. It hasbeenreportedthat
solubility is only slightly greaterat pH 6 than at the iso-
electric point of 3.76, increasesby 50% at pH 7.5 and
1400% at pH 9. Solubility in urine is about 300g/L at
pH 7.2, and around 100@g/L at pH 8 (reviewed by Singer
and Das’). The brststonedissolutionby alkalinization of
the urinewasreportedin 1924,andalkalizationof the urine
has beenmainstreamtreatment for over 50years,though
the degreeof dificulty in maintaining pH above 7.2 is
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acknowledgecFjellstedtetal.'® comparecdpotassiuncitrate
and sadium bicarbonatein 14 patients with homozygous
cystinuria.ln a 2-weekcross-ovestudy both wereequally
effectiveasurinary alkaliniserswith a mediumpH of 7.25
on salium bicarbonateand 7.10 on potassiumcitrate
(P=ns).

Alkalinization of the urine is thus recommendedsan
adjunctto high Ruid intake, recognizinghe difbculty with
long-termcompliance.

Thiol drugs

The cystinemoleculeis veryinsoluble but reactswith drugs
exposinga sulfhydrylgroup(-S-H) to form athiol-cysteine-
mixeddisulphidethat ismuchmoresolublethan cystine.A

variety of suchagentshavebeenusedn treatingcystinuria.

Of these, the only agent available for this indication on the

PharmaceuticaBenelts Schemels penicillamine.

Penicillamine,developedasa chelatingagentfor heavy
metal toxicity, forms a penicillamine-cysteinecomplex
which is approximately50 timesmoresolublethan cystine
at pH 7.5 (reviewedby Singerand Dag’). It wasintroduced
asa treatmentfor cystinuriain 1963. Over the next few
yearsthereweremanysmallserieqtypical of the era) pub-
lisheddemonstratingeductionin cystineexcretion,cystine
stonedissolutionandreductionin stonerecurrencen cysti-
nuria not controlled by oral Ruidsand alkalinisers.

In these series,a very high incidence of side-effects
wasalsoreported.There are a variety of allergicreactions
including rashesarthralgia,nephrotic syndromgmembra-
nous glomerulonephritis) and haematological(anaemia,
neutropaeniathrombocytopaeniayeactionswhich usually
occurearlyin the courseof treatment.With usualdaily dos-
ageof 500D1000ng, gastrointestinakide-effect¢éanorexia,
nauseayomiting, abdominalpain, diarrhoea)arecommon
andwith long-termuseperipheralneuropathycanoccur It
is estimatedthat about50% of patientswill ceasepenicil-
lamine becausef side-effects.

Halperin etal® retrospectivelyreviewedstoneepisales
in terms of lithotomies and renal colic episalesper 100
patient-yearsn 56 cystinuricdreatedin north-easterriJSA
in the period of 1940D1978From thesethe 35 patients

who had had surgicalithotomy weredesignatedisOsevereO.

Thirty-two hadreceivedpenicillamineat somestage Stone
episaleshad occurredat a rate of 13.2/100patient-years
(total 14.7 patient-years)in patients while being treated
with penicillamine, comparedwith 25.1/100patient-years
(total 210.5patient-years)n thosereceivingonly Ruidsor
Ruids/alkali(P < 0.05). They concludedthat the penicil-
lamine treatment programmessignikzantly reduced epi-
salesof renal colic. Acute drugsensitivityoccurredin over
40%, proteinuriain 34% of treatedpatients;hencepenicil-
lamine shouldbe reservedor selectecdhigh-risk patients.

Accordingly patients given penicillamine must be
monitored closelyand continuously restricting its useto
only the mostdifbcult casesandeventhen oftenfor limited
periads.

Alpha-mercaptopropionylglycine(o-MPG, tiopronin,
Thiola™) is a sulfhydrylcompoundintroducedasan alter

The CARI Guidelines

native to penicillamine in cystinuricsintolerant to that
agent.lt isreputedto havesimilarthoughfewerside-effects
comparedwith penicillamine.

Miano etal? reportedon o-MPG treatmentcombined
with encouragemento drink and urinary alkalinisersn 42
patientsover the period 1972D1977Achieved urine vol-
umesrangedbetween930 and 3500mL during a-MPG
treatment.Urine pH wasnot reported,but the aim wasto
keepit above7.0. Complete or patient stone dissolution
occurredin 79% of 19 patientswith stonesand stonefor-
mationin only oneof 27 patientswithout associatedrinary
infection. Interestingly they observedno allergic side-
effects,only one caseof gastricintolerance and one of
tasteloss.

Koide etal® reportedon 35 patients treated with o-
MPG since1970for stonedissolutionand/orpreventionof
recurrenceln 27 patientstreatedfor morethan 1 year they
reported signilzant stone dissolutionin sevenand new
stoneformation preventedin 23. Dosagevas300D1800ng
daily. All received2b6g of salium bicarbonatedaily and
wereencouragetb increaseral uid intake. Systemigeac-
tions such asfever skin rash,oedemaor generalmalaise
occurredsoonafter startingtherapyin 10 of 35 patients.

Paketal?® reporteda multicentre trial recommendedby
Foa and Drug Administration to determinethe safetyand
efpcacyof o-MPG in patients with known toxicity with
penicillamine,and alsoto determinewhetherbiochemical
responsewgeresimilarto penicillamine.

The studywasnot designedo comparethe effectiveness
of a-MPG to penicillaminenor to comparethe side-effect
proble.Sixty-six patientswere enrolled, all of whom had
had at leastone stoneepisodein the 2 yearsbeforetreat-
ment with o-MPG. All maintained their previous Buid
and alkali intake. Of 49 patientswho had previouslytaken
D-penicillamine, six were intolerant of o-MPG. The 43
remaining took o-MPG for periods from 4 months to
3.7years(mean 1.81years),and the stonerate fell from
8.5+ 22.3 stones/patient-yeaduring the 2 years before
o-MPG treatment, to 3.7+ 13.2 stones/patient-yea(P <
0.001).Cessatiorof stoneformation wasobservedn 63%.

Of 17 patientswho had not had D-penicillamineat any
stage,14 continued a-MPG for morethan 4 months. The
new stone formation rate fell from 5.3+ 13.0 stonesin
the previous2 yearsto 1.83+1.29 stones/patient-yeaon
a-MPG for periodsfrom 4 months to 4 years(P< 0.001,
chi-squared test). Cessation of stone formation was
observedn 71%.

As with D-penicillamine, side-effectswere common,
being mainly gastrointestinalanorexia,nauseayomiting,
abdominalpain) but alsoallergicreactionssuchasrashand
proteinuria. Thesebndingsare consistentwith other expe-
riencesof the drug,manyreportedin booksor proceedings.

Lindell etal® treated 31 patients with o-MPG, docu-
menting the fall in free urinary cystine by ion-exchange
chromatographykeepingit to lessthan 1100umol/L. All
were encouragedo maintain high Ruid intake and take
salium bicarbonateaimingat a urinarypH 7D8.Fourof the
31 wereintolerant of sodiumbicarbonate Thirteen of the
31 patients on a-MPG were free of stone formation or
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growth, and renal stoneepisodegell from median0.4 (0B
3.0) in the yearbeforeo-MPG, to median0.09 (0B1.0)in
the yearon o-MPG (P < 0.001, Wilcoxon® signedrank
test). Urine volumesdid not changeappreciablyInterest-
ingly, urinary free cystinelevelshad only a vaguerelation-
shipto stoneepisodeperyear and no relationshipto new
stoneformation.

Lindell etal® notedthat a paperby Linari etal.* founda
similarrate of 0.21episodes/yean 30 patientson a-MPG,
commentingthat the muchlowerbasicratethan in the Pak
etal?® studywasa probablyoutcomeof patient selection.

Takentogether the Lindell etal® and Paketal.?? studies
both showa reductionin stoneepisale/formationby a fac-
tor of about2P4 fold with the useof o-MPG in patients
with cystinuriaalreadytaking Ruidsandalkali but still form-
ing stones.

Paketal?? found that 5D9%of patientstreatedwith o-
MPG having not beenpreviouslyexposedo penicillamine
were forced to discontinue becauseof adversereactions;
however over 60% of patientsreportedside-effectswith a
similar proHe to thosereportedwith penicillamine.Of the
31 patientstreatedwith a-MPG by Lindell etal.® six (19%)
withdrew four with proteinuriaand one with a lupus-like
syndrome.

The conclusionof both, neither of whom volunteered
drugcompanysponsorshipyasthat o-MPG wasmoretol-
erablethan penicillamine.

Therehavebeenno randomizedcomparisonsf penicil-
lamine and a-MPG in patientswith cystinuria.

Captopril,anangiotensin-convertingnzymenhibitor is
alsoa thiol compound(D-3-mercapto-2-methylpropionyl-
L-proline). It can thus form captopril-cysteinedisulphide,
which is 200 times more solublethan cystine.Sloandand
Izz3* reportedafall in freeurinarycystinein two patientson
captopril, but did not report on stone formation. Cohen
etal® gave150mg daily to nine patientswith cystinuric
stonesbut were unableto show a statistically signikzant
differencein ratesof stoneevents.

Combination therapy

Becauseof the wide variation in tolerance of high Ruid
intake, oral alkali administration and the thiols, mixed
combinationtherapiesare usuallyemployed.

Barbeyetal.®® reportedtreatmentoutcomesn 27 adults
with cystinestonesjncluding 274 patient-yearpre-referral
(retrospective),and 312 patient-yearspost-referral(pro-
spective)followedat the NeckerHospitalfor at leastl year
between1963 and 1998. Treatmentsincluded high Ruid
intake to achievea total urine volume of at least3 L/day
salium bicarbonate(22) or potassiumcitrate (5) and if
these failed, penicillamine 600mgb1200ng, or a-MPG
500mg-1000mgdaily wasaddedat leasthalf of the doseto
betakenat bedtime.Threepatientshad100D150ngof cap-
topril. Pre-referralstone episoderate was 0.93 episodes/
patient-year while on therapy this fell to 0.20 episales/
patient-year

In attempting to analysethe most important factor,
patientsweredividedinto 15 successggo urologicalpro-

s7

cedurewhile on therapy)and 12 failures(requiring urolog-
ical procedureswhile on therapy). Other than stone
episales/yeaand urological procedures/yeathe only dif-
ferencebetweenthe two groupswasmean urine volume
(3.15£ 0.65L vs2.45+ 0.65L, P<0.006). Urine pH was
similar (7.6+ 0.6, 7.5+ 0.5) and four successfuand bve
unsuccessfiypatientsweretaking thiols. High uid intake
wasregardedhereforeasof the highestimportancein treat-
ment of cystinuria.

Chow and Streeni’ reviewed the Cleveland Clinic
experiencen 35 cystinuricsfollowedfor at least6 months
between1983and1995.The regimenwashigh Ruid intake,
urinaryalkalizationwith sodiumbicarbonatepotassiuntit-
rateor balancectitrate aimedto keepurine pH greatetthan
7.5,andthiols including penicillamine 1000D20@ng or o-
MPG 800D1200ngin divideddosesFailureor intolerance
of theseleadto the addition of captopril 1509 daily. Urine
volumesreported in this serieswere only mean 2.07L
(range0.76D4.3&) perday The relativeeffectof volumeof
diuresiswasnot analysedThe urine pH achievedwasnot
reportedor analysed.

Overall, with Ohydratiorand alkalizationOthe stone
eventsrate wasl.6/patient/yearWith alkalizationplusthi-
ols, the rate was0.52,with alkalizationpluscaptopril0.71,
and alkalization with thiols and captopril 0.54 episales/
patient-year The outcomewas0.84 stone events/patient-
year which they felt wasa realisticexpectationin treating
stone-formingeystinurics.

SUMMARY OF THE EVIDENCE

Thereareno RCTson this topic.

WHAT DO THE OTHER GU IDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.

UK Renal Association: No recommendation.
CanadianSociety of Nephrology: No recommendation.
EuropeanBest Practice Guidelines: No recommendation.

INTERNA TIONAL GU IDELINES

No recommendation.

IMPLEMENT ATION AND AUDIT

Becausefthe multiple disciplinegprimarycarephysicians,
physiciansnhephrologistsaand urologists),there is minimal

possibilityof implementingor auditing evidence-basedys-
tine stoneguidelinesjf suchguidelinescould be produced.

SUGGESTIONS FOR FUTURE RESEARCH

1 Non-toxic agentsreducing cystine excretion may be
developed.

2 Australian demographyof the genetic causesrequires
study
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