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Abstract The formation of stones in patients with cys- 
tinuria can be counteracted by reducing the urinary 
concentration of cystine and by increasing its solubility. 
Thirty-one patients with homozygous cystinuria and 
treated with tiopronin (2-mercaptopropionylglycine) 
were followed for between 0.4 and 12 years (median 
8.8). With the aim of avoiding cystine concentrations 
above 1200 gmol/1, the daily dose varied between 500 
and 3000 mg (median 1500). The therapeutic effect was 
evaluated from the clinical symptoms and repeated 
radiographic examinations. The rate of stone forma- 
tion during the treatment period was reduced by 60% 
in comparison with the pretreatment period 
(P < 0.001). The frequency of active stone removal was 
reduced by 72% (P < 0.05). The formation of new 
stones was associated with a higher cystine concentra- 
tion than was the case during periods when stone 
formation and stone growth were excluded (P < 0.05). 
The probability of new stone formation increased with 
increasing concentrations of cystine up to 1100 gmol/1, 
but stone formation was not accentuated above 
1200gmol/1. There was no significant relationship 
between the 24h excretion of cystine and stone 
formation. 

It is concluded that the formation of cystine stones 
can be efficiently counteracted during treatment with 
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tiopronin, guided by analysis of the concentration of 
urinary cystine. 
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Introduction 

Cystinuria is characterized by an excessive urinary ex- 
cretion of the poorly soluble amino acid cystine. The 
disorder is inherited as an autosomal recessive trait and 
accounts for 1-2% of the patients with renal stones 
[18]. Because of the strong, lifelong tendency for stone 
formation in patients with homozygous cystinuria, they 
are highly susceptible to the complication of renal 
stone disease. In a follow-up study of 66 patients in 
1958 Bostr6m found that 8 patients had died of renal 
causes 1-4]. Of 23 patients followed by Crawhall and 49 
by Linari and coworkers one and two patients, respec- 
tively, required maintenance hemodialysis [-8, 23]. The 
problems with frequent, repeated open renal stone sur- 
gery are well recognized. Despite the fact that ESWL 
(Extracorporeal shock wave lithotripsy) has rendered 
the removal of cystine stones a less traumatic proced- 
ure 1-2], it is, nevertheless, essential to reduce the forma- 
tion of renal stones in this group of patients to avoid 
renal complications. This calls for long-term prophy- 
lactic management. 

Stone-preventive measures in patients with cystin- 
uria aim at a decreased concentration and an in- 
creased solubility of cystine in urine. The conventional 
management of cystinuria with a high fluid intake and 
alkalinization of urine was introduced by Dent and 
Senior in 1955 and thoroughly evaluated 10 years later 
[12, 13]. Even with such a regimen some patients 
continue to form cystine stones. In 1963 Crawhall and 
coworkers introduced a new approach with which the 
urinary excretion of cystine was reduced by the admin- 
istration of a sulfhydryl compound, D-penicillamine 
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[9]. A major drawback with this treatment was, however, 
the high frequency of adverse effects [10~ 15, 19, 28]. 
Later another sulthydryl compound, tiopronin (2-merc- 
aptopropionylglycine), with less pronounced side effects 
came into clinical u~e [t [, [7, 2[-23, 26, 28, 29]. Recetltly 
t~e pharmacokiaetics of t[opronir~ arid of its rnetabo[i~e 
2-mercaptopropionic acid was etucidaled [5-7]. 

The effect of treatmenl can be followed by either the 
biochemical effect on urinary cystine, or by the effect on 
stone formation, In a recenl sludy of 31 eystinuric 
patients we found that tiopronin effectively reduced the 
urinary excretion of cystine, and that monitoring of 
urinary cystine was required because of considerable 
individual variations in dose requirements (in prepara- 
tion). Little is known, however, about the relationship 
between changes in the urinary content of cystine and 
the formation of cystine stone~_ 

In this investigation we followed the same group of 
31 patients during long-term treatment with tiopronin 
while the urinary cystine was monitored regularly. The 
aim was to evaluate the effect of tiopronin on the 
formation of stones and the relationship between uri- 
nary cystine and stone formation, 

Patients and methods 

Thirty-one patients with h.omozygous cystinuria were treated with 
tiopronin (Thio[a, Saatea Pharmaceutical, Osaka, Iapan~ during ~.n 
~verage period of 7.8 years (range 0A~I2). The diagnosis of eysti- 
nuria was established by delermination of Ibe urinary excretion of 
cystine and the dibasic amino acids [20]. All paliems who started 
a long-term treatment with lwpronin between 1979 and 1992 were 
included in the study. The indicaliolls for slatting treatment with 
tiopronin were a urinary concenlration of cystine exceeding 
1200 gmol/1 in a 24-h urine sample, o, active stone formation in spite 
of traditional management comprising admmiRtration of sodium 
bicarbonate and a high fluid intake or botK The aim of the treat- 
ment was the prevention of cystine stone formation. The prescrip- 
tion of Thiola was licensed for each individual patient by the 
Swedish National Board of Health and Welfare. Fifteen of the 
patients were women, 16 were men. The mean age at the time of the 
first symptoms of renal stone disease was 23 years (range 3-48 years) 
and the mean age at the start of tiopronin treatment 42 years (range 
17-70 years). The mean glomerular filtration rate was 
82 ml/min/1.73 m 3 (range 45-113). Nine of the 31 patients had 
glomerular filtration rates below the age~related normal range. The 
pretreatment time, defined as the period from the first symptoms of 
renal stone disease to the start of treatment with tiopronin, was on 
average 15 years (range 0.9 41 years) 

Eight patients suffered from mild to moderate hypertensive dis- 
ease. Five of them were treated with beta-blockers, three in combina- 
tion with vasodilators. Only one patient was treated with diuretics 
(bendroftumethazide) and no patient received ACE inhibitors. One 
patient took allopurinol for gout, and another glipizide (non-insulin 
dependent diabete~ metlitu~) and [evotbyro~ine (hypothyreosis). 

Sixteen of the 3 t pat[eats had previously been treated with D- 
penicitlami.tte during an average of 3A years (range 0.04-t t years}, 
and finis the~aiay was included in the pretreatmcnt periods. Tea of 
the 16 pattens had adve~se reactions to D-pemeillam~ne, and 3 ~fthe 
female patients were ~hanged lo tiowonin when they planned to 
become pregnant. During their D-penicillamine treatment, 11 of the 
patients were followed by us [la3, whereas the remaining 5 patients 
attended other clinics without regular m onil onng of urinary cystine. 

Twenty-four of the 31 patient~ had undergone active stone 
removal (open stone surgery, PCN (percutaneaus nephrolithotomy), 
ESWL or loop extraction) prior to treatment with tmpronin. Three 
of the patients were unilaterally ne ph recto mized and o ne patient had 
a left-sided congemtal renal agene~ia Th.irteec~ of the 3 [ pat.ienrs had 
renal stones a~ the ~ta~t of tioptonin treatment, 5 af whom had 
5ilatera~ concrements and two staghorn stones. Twenty-t~ree pa- 
tients could be closely lollowed by ~he au~l~ors during the whole 
treatment period. In 1985 eighl el ~he patients were relransferred to 
their respective home clinics, bul 1he same therapeunc principles 
were applied and the cystine concenlration was analyzed at the same 
laboratory during the following years. All pauentg were encour- 
aged to maintain a high fluid intake. Sodium bicarbonate was given 
in daily doses of 3-10 g aiming at a utinary pH of between 7.0 and 
8.0. Since 1986 pH was measured with a glass electrode. In four of 
the patients sodium bicarbonate had to be withdrawn because of 
gastrointestinal complaints. 

During treatment with tiopronin the urinary excretion of cystine 
was measured by ion-exchange chromatography at least every 
6 months, more often during the adjustment of dosage at the begin- 
ning of the treatment [11, 20]. The between-day imprecision of 
cystine determinations was 7.3%. The total number of cystine 
measurements was 709. The aim of the combined treatment with 
tiopronin and increased fluid intake was to keep the urinary cystine 
concentration beneath the assumed stone-forming level of 
1200 gmol/1 [12]. Urinary cystine concentrations above 1200 l.tmoi/1 
in repeated 24-h urine collections or continuous formation of stones 
prompted an increased dose of tiopronin. The highest individual 
daily doses ranged from 500 to 3000 mg (mean 1540 rag). Daily 
doses up to 1000 mg were given in the evening whereas higher doses 
were given twice a day t i l l .  Measurements of the urinary mixed 
tiopronin-cysteine disulfide served a~ a non quantitative control of 
medication. To include the influence of urinary pH on the soluhility 
of cystine the ion activity product of cystirte was calculated as 
described by Tiselius [3{)]: 

( 1 O - ~ ) z  x C o n c  ~y,u~ x O. 155 

{1 + (0.39 x 10 l~ • 10-pH) + [/l 0 - ~ ) z  x 351 • 10' 6]) 

The frequency of cystine stone formation was eslimated from in- 
formation in patient records. Typical symptoms of renal colic, stone 
passages and active stone formation were classified a; :'renal stone 
episodes." Renal colic occurring at an inletca] of less than 3 months 
was not regarded as a new stone episode on]oRs the first symptoms 
were followed by a stone passage, or the patient proved to be free of 
stones at a radiographic examination between the episodes. 

Information about all radiographic examinations of the urinary 
tract (plain radiograms, excretion urographie~) from the pretreat- 
ment and treatment periods were compiled- Of 382 radiographic 
examinations 342 were available for reexamination. In general, 
radiograms older than 10 years could not be recovered. In such cases 
information from the original description was used for conclusions 
on stone formation. All radiographs were reexamined by one radi- 
ologist (E.H.), who had no information of the urinary cystine levels. 
All radiographs of a single patient were examined on the same 
occasion to allow for adequate comparisons. The number and loca- 
tion of the stones were recorded, and the smallest (dl) and largest (d2) 
diameter of each stone measured. A decision was made by the 
radiologist whether there had been an increase or reduction of total 
stone mass between consecutive radiogcaphic examinations. An 
approximate stone volume was calculated by the formula proposed 
by Ackerman etal. [1]: 0.6 )< 0z • dL/2 • dr/2) t ~" For evaluating the 
relationship to urinary cyatme eacfi storte vol.ume was assigned to 
the preceding cystme measurement. Stone passages and surgieat 
procedures between consecutive examinations were taken into ac- 
count in the es'timalion of changes in stone volume. 

The number of newly formed urinary tract stones war aRsessed by 
considering new stones appea~ing on 1he radiogram and reported 
stone passages. Conclusions on the passage of a slc~ne were drawn 
from the combined information of the medical hislory and of repeated 
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radiographic examinations. The registration of a new stone, or 
a stone episode was related to the latest preceding measurement of 
the urinary cystine concentration. 

Statistical analysis 

Linear regression analysis, Student's t-test and Wilcoxon's signed 
rank test were used for statistical analysis. Values of probability of 
less than 0.05 were considered to be statistically significant. 

Results 

During treatment with tiopronin 13 of the 31 patients 
were free of new stone formation and stone growth. 
There were no staghorn stones formed. On five occa- 
sions partial dissolution of stones was observed. Nine- 
teen surgical procedures were performed on nine pa- 
tients, six of whom were treated with ESWL. Five of the 
surgical procedures were carried out within 6 months 
from the start of tiopronin treatment. At the final dose 
there were no signs of stone activity in 19 of the 31 
patients. Table 1 shows the average annual rates of 
"renal stone episodes," new stone formation and active 
stone removal during the pretreatment and treatment 
periods. There was a 69% decrease in the frequency of 
"renal stone episodes," a 60% decrease in the frequency 
of new stone formation and a 72% decrease in the need 
for surgical procedures. 

Figure 1 shows the cumulative sum of "renal stone 
episodes" and new stone formation before and during 
treatment with tiopronin. For each patient a pretreat- 
merit period of equal length to the treatment time was 
chosen for comparison. The 12 months immediately 
preceeding the start of treatment as well as the first 12 
months of treatment were excluded in order to avoid an 
overestimation of the rates of stone formation. The 
activity of the stone disease was clearly reduced during 

Table 1 Annual rates of"renal stone episodes," new stone formation 
and active stone removal before and during treatment with tiop- 
ronin 

Pretreatment Treatment Significance 
period period of difference u 
Median (range)" Median (range) 
Mean (SD) Mean (SD) 

Renal stone 0.40 (0-3.0) 0.09 (0-1.0) P < 0.001 
episodes 0.71 (0.77) 0.22 (0.29) 

Formation of 0.42 (0-3.4) 0.08 (0-2.3) P < 0.001 
new stones 0.68 (0.82) 0.27 (0.50) 

Active stone 0.08 (0-1.1) 0.0 (0 0.51) P < 0.05 
removal 0.20 (0.28) 0.06 (0.12) 

" In one partient without previous stone formation the indication 
for tiopronin treatment was high urinary cystine concentrations 
b Wilcoxon's signed rank test 

treatment with tiopronin, in terms of both clinical 
symptoms and verified formation of new stones. 

Figure 2 shows the relationships between the annual 
rate of new stone formation, and the 24-h urinary 
cystine excretion and the urinary concentration of cys- 
tine before treatment and at the final dose of tiopronin. 
The numbers were calculated as averages of individual 
means. Urinary cystine measurements at the start of 
treatment were used as pretreatment values. The aver- 
age (SD) of the urinary cystine concentration was lower 
during treatment with the final dose of tiopronin than 
that at the start of treatment - 862 (228) ~tmol/1 com- 
pared with 1382 (526) gmol/1 (P < 0.001). This change 
in cystine concentration was influenced by the fluid 
intake as well as by the administration of tiopronin. 
The change in average (SD) 24-h urinary excretion of 
cystine, which is a direct effect of tiopronin treatment, 
was 1619 (524) gmol at the final dose of tiopronin 
compared with 2355 (917) gtmol at the start of treat- 
ment (P < 0.001). At the final dose an average urinary 
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concentration of cystine of less than 1200 gmol/1 was 
achieved in 28 of the 31 patients. 

The average (SD) urinary cysdne concentrations 
were higher in association with the formation of new 
stones than when stone formation and stone growth 
had been radiographically excluded - 1278 (569) ~mol/t 
compared with 1007 (584) gmol/1 (P < 0.05). No signifi- 
cant differences were obtained when the concentration 
of cystine was replaced by the 24-h excretion or the ion 
activity product of cystine. The average urinary con- 
centrations of cystine assigned to "renal stone episodes', 
were compared with urinary cystine measurements not 
associated with such signs or symptoms. No significant 
differences were revealed. 

The relationship between the urinary concentration 
of cystine and changes in renal stone volume calculated 
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Fig. 2,a,b The relationship between the rate of new stone formation, 
the 24-h urinary excretion (a) and the urinary cystine concentration 
(b). The average during pretreatment period (0) and at the final dose 
of tiopronin (4~) is shown. Bars represent one standard deviation 
from the mean 

from measurements on the radiographs was evaluated. 
No significant association was recorded. Stone growth 
was related to an increased concentration of cystine in 
only 3 of 16 patients (data not shown). 

In Fig. 3 the individual means of urinary concentra- 
tion of cystine during treatment with tiopronin have 
been plotted against the annual rate of "renal stone 
episodes" and the annual rate of new stone formation. 
There appeared to be a higher frequencY of "stone 
episodes" and new stone formation at higher cystine 
concentrations, but the slopes of the regression lines 
were not statistically different from zero (P = 0.051 and 
0.22, respectively). There was also a tendency to higher 
annual rates of new stone formation at higher levels of 
24-h urinary excretion of cystine and at higher levels of 
ion activity product of cystine, but these associations 
were not statistically significant. 

Figure 4 illustrates the relationship between the uri- 
nary concentration of cystine and the probability of 
forming new stones. The number of cystine con- 
centrations associated with new stone formation was 
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compared with the number when stone formation and 
stone growth had been radiographically excluded, 
There was an increasing risk of renal stone formation 
with increasing cystine concentrations up to approxim- 
ately 1100 gmol/I, but there was no further increase in 
the risk of stone formation above that level. 

There was no significant change in urinary volumes 
during the treatment with tiopronin. The average (SD, 
range) of individual means of urinary volumes recorded 
during the first months of treatment with tiopronin was 
2034 (1200, 870-5963) ml compared with 2174 (1084, 
917-5900) during the last year of the observation peri- 
od (P > 0,05). The average of individual means (SD) of 
urinary pH during tiopronin treatment was 6.9 (0.6). 

In four patients tiopronin was withdrawn because of 
proteinuria. In three of these patients renal biopsy 
revealed a membranous glomerulonephritis [24]. One 
patient with a previous history of adverse effects of 
D-penicillamine had to stop medication because of an 
SLE-like syndrome without renal involvement. The 
symptoms were reversible in all five cases. In one pa- 
tient tiopronin was changed to D-penicillamine because 
of general discomfort, but the association with tiop- 
ronin treatment was doubtful. 

Discussion 

The dosage of tiopronin used in this study was guided 
by regular determinations of the urinary cystine con- 
centration, and the aim was to keep the concentration 
below the assumed risk level of 1200 tlmol/1. Our re- 
sults show that the activity of the disease was signifi- 
cantly reduced by this regimen whether clinical symp- 
toms, formation of new stones or the need for active 
stone removal was chosen as a reflection of stone activ- 
ity (Table 1, Fig. 1). It is of interest that the reduction of 

the rate of active stone removal was similar to the 
reduction of the other signs of stone activity. The need 
for surgical intervention indicates more serious com- 
plications of renal stone disease. 

The administration of tiopronin was combined with 
a high fluid intake and urinary alkalinization. The 
patients had, however, been subjected to this conven- 
tional management before the start of the tiopronin 
treatment. To our knowledge only one clinical evalu- 
ation of sodium bicarbonate treatment in cystinuria 
has been published. In this report the treatment was 
considered as being of doubtful value [13t. The 24-h 
urinary volumes showed no increase during the period 
of tiopronin treatment. It is thus reasonable to assume 
that the treatment with tiopronin was the major cause 
of the improved control of stone formation. Treatment 
with D-penicillamine made up a considerable part of 
the pretreatment periods in some of the patients, and 
this was the main reason for the inclusion of periods 
with D-penicillamine treatment. It may have influenced 
our results unfavorably with respect to the effect of 
tiopronin, but the stone activity during the administra- 
tion of D-peniciUamine was not significantly different 
flora the stone activity during the rest of the pretreat- 
ment period (data not shown). 

The evaluation of the effects of stone-preventing 
treatment in renal stone diseases in general is asso- 
ciated with several problems because of the difficulties 
of finding reliable estimates of stone formation and 
growth. The activity in most forms of stone disease 
varies over time. It is usually extremely difficult to 
assess the time course of the formation of stones and 
relate it to the therapeutic procedures. The risk of 
overestimating the pretreatment stone-forming activity 
and the problem of finding a representative observation 
period has been addressed by Bek-Jensen and Tiselius 
[3]. In cystinuria the evaluation is further complicated 
by the limited radiodensity of the stones which may 
impair the accuracy of the radiographic examination 
[16]. In the literature information about temporary 
variations in the metabolic activity of cystinuria is 
scanty [4]. It can be assumed, however, that the initia- 
tion of a more intensive treatment tends to occur in 
periods with a high activity in stone formation. In the 
cumulative diagrams (Fig. 1) we excluded the 12 
months preceding the start of tiopronin treatment, and 
a period of equal length after start of the treatment, to 
improve the comparability of pretreatment and treat- 
ment periods. The exclusion of the 12 month's intervals 
had, however, only minor effects on the shape of the 
cumulative curves. 

Other authors have also reported a considerable 
reduction in the activity of cystine stone formation 
during treatment with tiopronin 1-17, 22, 23, 26, 28] or 
D-penicillamine [8, 10, 25, 28]. The different ap- 
proaches in recording stone formation and evaluating 
the effects of therapy render comparison with other 
studies difficult. Several investigators have based the 
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dosage of the SH compounds on urinary cystine, but 
a majority of them used the 24-h excretion [10, 17, 23, 
28]. In some studies the purpose of the treatment was 
stone dissolution, with lower levels of urinary cystine 
than in our patients [10, 22, 26]. During treatment with 
tiopronin Linari and coworkers recorded 0.21 stone 
episodes/year in 36 patients observed during 3.5 years 
[23], which is similar to our results. Pak and coworkers 
found a reduction of the annual rate of stone formation 
from 5.3 to 1.8 in 14 patients during 1.6 years of 
treatment [28]. This comparably high rate of stone 
formation illustrates the problem of patient selection 
in group comparisons. The individual tendency 
towards the formation of cystine stones differs con- 
siderably, something we have observed in our 31 pa- 
tients (Fig. 3). The results of treatment may depend on 
the patient's compliance, a topic discussed by Pak and 
coworkers [-28]. A regimen with three or four doses 
a day, often used in the treatment with D-penicillamine 
[8, 9, 25] and tiopronin [-26, 28], tends to increase the 
problem with compliance. Determinations of the tiop- 
ronin-cysteine disulfide served as a non-quantitative 
control of medication and such measurements sup- 
ported our conclusion that noncompliance was a minor 
problem in our patients. 

The initial event of cystine stone formation is the 
precipitation of cystine from a supersaturated urine, 
and the principal objective of stone-preventing therapy 
therefore is to maintain the cystine concentration be- 
low the level of saturation. Dent and Senior determined 
the solubility of cystine in human urine, and described 
the pronounced pH dependence of cystine solubility 
[,12]. Later Pak and Fuller observed interindividual 
variations in urinary cystine solubility [-27]. In our 
study the aim was to keep the urinary cystine concen- 
tration below 1200 b~mol/l and the urinary pH between 
7.0 and 8.0. We attempted to relate the urinary content 
of cystine to the activity of the renal stone disease. 
Whether urinary cystine was expressed as the indi- 
vidual means of concentration, the 24-h excretion or 
the ion activity product, a tendency towards increased 
stone formation at higher cystine levels was found 
(P > 0.05; Fig. 3). Some patients did not form any 
stones in spite of high levels of cystine concentration. 
A possible explanation is that there are probably indi- 
vidual differences in the disposition for cystine stone 
formation depending on variations in urine composi- 
tion [27] or minor aberrations in the morphoIogy of 
the urinary tract. The ion activity product of cystine 
was expected to give a better reflection of the actual 
solubility since it incorporates the pH. The association 
with stone formation was, however, not stronger than 
what we obtained by only considering the concentra- 
tion of cystine. Urinary pH varies considerably over 
the day, and one explanation for the lack of relation- 
ship may be that samples of fresh morning urine were 
not available from many of the patients living a dis- 
tance from our outpatient clinic. 

It is important to emphasize that the average urinary 
cystine concentration associated with new stone forma- 
tion was significantly higher than the cystine concen- 
tration during the periods when stone formation or 
stone growth was excluded. There was, however, no 
obvious relationship between stone growth and urinary 
cystine concentration. Precipitation of cystine on 
a preexisting crystal surface is likely to occur at a lower 
cystine concentration than that required for new stone 
formation. This explains why it is easier to demonstrate 
an association between urinary cystine concentration 
and new stone formation than between urinary cystine 
and stone growth. Nor did we find any statistically 
significant association between "renal stone episodes", 
and urinary cystine concentration. The interpretation of 
clinical symptoms in the estimation of stone activity tends 
to be precarious, and the number of verified new stones 
is superior in reflecting the activity of stone formation. 

There was an increased probability of new stone 
formation when the urinary cystine concentration was 
increased from below 500 btmol/1 to about 900- 
1100 gmol/1 (Fig. 4). At higher concentrations ofcystine 
the probability of stone formation, however, remained 
stable at around 30-35% when the problem is con- 
sidered in this way. This might indicate that a cystine 
concentration of approximately 1000 ~tmol/1 reflects 
the formation product of cystine. This can be compared 
with the experimentally determined solubility of 
1250 gmol/1 previously reported by Dent and Senior 
[12]. It needs to be emphasized that our long-term 
results indicate that there is a risk of stone formation 
even when the average cystine concentration was as 
low as 500 btmol/1. One important explanation for this 
is that urinary cystine concentration varies consider- 
ably with the urinary flow. The cystine concentration in 
24-h urine samples therefore gives little information of 
any peak concentration that occurs during the 24-h 
period. Particularly high concentrations can be ex- 
pected during the night, and during such periods there 
might be a risk of stone formation. This issue is of 
importance for optimizing the treatment with tio- 
pronin, and further studies with fractional sampling of 
urinary cystine are in progress. 

Our study revealed no significant associations be- 
tween the 24-h cystine excretion and the formation of 
new stones. The problem in the determination of the 
24-h excretion is that the accuracy depends on repre- 
sentative urinary volumes. In spite of its rather limited 
ability to reflect the stone activity the concentration of 
cystine correlated better with stone formation, and 
therefore seems to be the best alternative for monitor- 
ing the treatment. The fact that the concentration re- 
flects the degree of saturation of urinary cystine, and 
that the concentration also incorporates the influence 
of urine flow, further supports the use of the concentra- 
tion of cystine as the preferred analysis. 

We conclude that with our principles of long-term 
management of patients with cystine stone disease 
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a subs tant ia l  r educ t ion  of  renal  s tone  f o r m a t i o n  can  be 
achieved.  The  d rug  was well to lera ted  in 80% of  the 
patients ,  and  side effects were in all cases reversible. The  
t r ea tmen t  with t i op ron in  requires m o n i t o r i n g  of  uri- 
n a r y  cyst ine to individual ize  the t r ea tmen t  and  avo id  
unnecessar i ly  high doses. A u r ina ry  c o n c e n t r a t i o n  o f  
cyst ine no t  exceeding 1200 gmol/1 a p p e a r e d  to be suffi- 
cient  for  two  thirds o f  ou r  pat ients  in w h o m  s tone 
f o r m a t i o n  was s topped.  T he  r emain ing  pat ients  con-  
t inued  to fo rm stones in spite of  cyst ine concen t r a t i ons  
be low tha t  level. I t  therefore  seems a p p r o p r i a t e  to indi-  
vidualize the therapeut ic  c o n c e n t r a t i o n  of  cyst ine in 
view of  the clinical response.  

F o r  the l ong - t e rm  p reven t ion  of  s tone  f o r m a t i o n  in 
pat ients  with cys t inur ia  we r e c o m m e n d  the c o m b i n a -  
t ion  o f  t i op ron in  t rea tment ,  u r ina ry  a lka l in iza t ion  and  
a high fluid intake.  W h e n  s tone  r emova l  is requi red  
E S W L  is preferred I-2]. 
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