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Summary. Prophylactic treatment with alkaline citrate in
patients with recurrent calcium oxalate (CaOx) stone
disease results in reduced CaOx supersaturation and
increased urinary citrate. The effects of a single evening
dose were compared with those of two and three daily doses
in six recurrent CaOx stone formers with hypercalciuria,
hypocitraturia or raised calcium/citrate quotients. While
onastandardized hospital diet the patients were given 7.5 g
(28 mmol) of sodium potassium citrate (URALYT-U) in
one, two, and three doses. Fractional urine collections
during 24 hours were analyzed for pH, composition, and
crystallization risk (CR). All dosage regimens had favour-
able effects on urinary calcium, citrate, calcium/citrate
quotients, and CaOx-CR. The most sustained effect was
recorded with three divided doses. Single evening doses
resulted in the most pronounced effects between 22.00-
06.00 h, thereby counteracting the increased risk of CaOx
crystallization during that period. In terms of 24 h urine
composition the best effect was recorded with alkaline
citrate administered three times daily, but because of the
favourable response by a single evening dose between
22.00-06.00 h the assumption was made that this dosage
regimen might be sufficient to reduce the risk of CaOx
crystallization and stone formation. However, the validity
of such an assumption can only be established by long-term
clinical studies.
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Recurrent calcium oxalate (CaOx) stone formation often is
the result of increased excretion of urinary calcium and
oxalate, decreased excretion of urinary citrate and an
abnormal urinary pH. Correction of these abnormalities
will reduce the risk of forming CaOx crystals and thereby
hopefully prevent CaOx stone formation. Medical treat-
ment for this purpose must continue for a considerable
period of time, necessitating a drug without disturbing side
effects and possible to administer in a convenient way [18].

According to several recent reports alkaline citrate has
appeared to be useful in CaOx stone prevention [6, 7, 12,
16, 17]. There are several possible explanations for such an
effect inasmuch as alkaline citrate can raise urinary pH
and reduce the CaOx crystallization risk (CaOx-CR) [3],
increase urinary citrate and thereby complex calcium,
inhibit growth of CaOx as well as of calcium phosphate
(CaP) crystals [4, 5, 26] and inhibit CaOx crystal ag-
glomeration [13]. In addition alkaline citrate is easy to
administer and apparently free from significant side
effects [17]. This treatment thereby satisfies many of the
requirements of an ideal therapy for prevention of CaOx
stone formation.

There is no information available on the most ap-
propriate dosage regimen of alkaline citrate, although
most authors have given three daily doses [6, 7, 12, 16]. In
a previous study [ 1] analysis of urine composition suggest-
ed a risk period for CaOx precipitation during late night
and morning hours. This tempted us to administer
alkaline citrate in a single evening dose to a group of
patients with recurrent CaOx stone disease.

The aim of the present study was to get information on
the effects on urine composition and risk of CaOx and
CaP crystallization with different dosage regimens of
alkaline citrate.

Material and methods

Six patients, 4 men (40, 52, 56 and 57 years of age) and 2 women (54
and 56 years of age) with recurrent CaOx stone disease but without
stone prophylactic treatment were included in the study. They had
hypercalciuria, hypocitraturia, or a high calcium/citrate quotient as
measured in a 24 h urine collection. Four patients had previously
been operated on because of their stone disease and four had residual
stones. All patients had normal serum levels of calcium, phosphate,
urate, magnesium, sodium, potassium, chloride, bicarbonate, and
creatinine. They also had negative urine cultures. During the
evaluation period ordinary drinking habits were recommended
together with the standardized hospital diet which had a daily energy
content of 6.7 MJ. This diet contained in average 78 g of protein, 50 g
of fat, 196 g of carbohydrate, 35 mmol of calcium, and 1 mmol of
oxalate.
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A total dose of 7.5g (28 mmol) of sodium potassium citrate
(URALYT-U, Madaus GmbH & Co) was given in one (regimen B),
two (regimen C), and three (regimen D) divided doses on days 2
(22.00h), 4 (06.00h, 22.00h), and 6 (06.00h, 14.00h, 22.00h)
respectively. A 24h pre-treatment period constituted regimen A.
Urine was collected in four 4-hour portions between 06.00-22.00h,
and one 8-hour portion between 22.00-06.00 h, starting at 22.00 h on
day | and completing the collection at 10.00h on day 7. In each
sample pH was measured immediately in the fresh urine, after which
the sample was acidified and kept frozen until analyzed for its
content of calcium [28], oxalate [14], citrate [10], magnesium [11],
phosphate [15], and creatinine [9]. By means of the total4h and 8 h
excretions of calcium (Ca), oxalate (Ox), magnesium (Mg), citrate
(Cit), and phosphate (P) expressed in mmol and the urine volume (V)
expressed in litres the following calculations were made:

AP(CaOx)-index [21]:
kg * Cal7l * Ox * Mg=014 * Cjt 010 % 12

AP(CaOx)-index(s) [25]:
kl % Ca0.71 * Ox * Mg—0.14 % Cit~0.10 * 0,25—1.2

AP(CaP)-index [22]:
k2 ® 10—3 * Cgl07 % P0.70 * (pH-4.5)6'8 * Ot 0-20 * V—l.3l

In these expressions the values of the factors k; and k, were 6.17 and
4.30 respectively for 4 h urine samples. The value of the standardized
volume in AP{CaOx)-index(s) was 1.5 litres for a 24 h sample and
consequently 250 ml for a 4h sample.

The risk of crystallization was measured as CaOx-CR [23] at
pH 5.8 and as CaP-CR [24] starting from a pH of 5.8 in aliquots
containing 90 per cent of urine.

Statistical evaluation was performed by means of Wilcoxon’s
rank sum test on paired samples.

Results

As evident from Fig. 1 administration of alkaline citrate
resulted in a lower CaOx-CR with all dosage regimens,
and the most sustained effect was recorded with regimen
D. As a result of the increased pH levels during adminis-

tration of alkaline citrate. AP(CaP)-index was markedly
increased. The highest AP(CaP)-index peaks were re-
corded with regimen B. There were no negative effects on
the risk of CaP crystallization in terms of CaP-CR as
determined from a starting pH of 5.8, neither were there
any significant changes in AP(CaOx)-index. In contrast,
peaks of AP(CaOx)-index(s) were recorded around
22.00h, irrespective of therapeutic regimen.

As evident from Fig. 2 the most pronounced reduction
of the calcium/citrate quotients was observed with regimen
D during the period 22.00-06.00 h (P < 0.05). This was the
result of a reduced calcium and an increased citrate
(P<<0.05) excretion. Between 06.00 and 10.00 h the citrate
excretion was increased by all three regimens, although
most efficiently by regimens C (P <<0.05) and D (P <0.05).
The calcium/citrate quotients during this period were also
favourably affected by all three regimens (P <<0.05). The
excretion of calcium between 06.00 and 10.00h most
efficiently was reduced by regimens B and D and with a
similar tendency recorded also for regimen C, but a
statistically significant difference was not obtained for any
of theseregimens. Itis noteworthythat regimen Bincreased
urinary citrate during the whole period 22.00h to 14.00h,
and that this effect decreased later during the day.

During the whole 24 h period (Fig. 3) alkaline citrate
administered according to regimen D had the most
pronounced effects by decreasing urinary calcium
(P <C0.05), increasing urinary citrate (P <<0.05), and there-

. by reducing the calcium/citrate quotient (P <0.05). How-

ever, citrate excretion as well as the calcium/citrate
quotient were favourably affected also by regimens B
(P<<0.05) and C (P<0.05).

As regards 24h urinary magnesium, oxalate, and
phosphate as well as the urine volumes there were no
significant differences between the different dosage regi-
mens.
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Discussion

Most authors who have reported on the beneficial effect of
alkaline citrate in CaOx stone prevention have adminis-
tered the drug in three daily doses [6, 7, 12, 16]. Because of
earlier observations of increased CaOx supersaturation
during late night and morning hours [1] and the lowest
diurnal urinary pH during this period [27] we found it
logical to give alkaline citrate as a single evening dose.
Furthermore, single dose administration undoubtedly is a
most practical form of therapy and intake in the evening

ization of urine has been shown to result in reduced CaOx-
CR values for a pH above 5.8 [3] and inasmuch as higher
pH levels were found during this treatment with alkaline
citrate, the real risk of CaOx crystallization might be even
lower. However, at pH above 5.8 there is an increased
formation of CaP crystals [2, 3] and as could be expected
the treatment with alkaline citrate resulted in AP(CaP)-
index peaks at increased pH levels. The highest AP(CaP)-
index peaks were observed with single dose administrat-
ion (regimen B), but the clinical importance of this is
difficult to establish. The higher citrate concentration did
not counteract the pronounced effects of pH on CaP-
supersaturation. Neither was CaP-CR as measured in a
urine with an initial pH of 5.8 reduced. However,
according to some previous observations CaP crystals
initially appear to be small [3], at least in the presence of
physiological concentrations of citrate [4]. Previous clin-
ical studies with alkaline citrate [8, 12, 17] have not
disclosed an increased risk of CaP stone formation,
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but long-term studies in carefully evaluated patients are
necessary before such a risk can be completely disre-
garded.

The effects on CaOx-CR, urinary calcium, citrate, and
calcium/citrate quotients during the risk period 22.00-
06.00 h were similar for treatment with a single dose in the
evening as for treatment with two or three daily doses.
Furthermore the single evening dose was the only dosage
regimen that raised urinary pH during this period.
Therefore these results give support to the usefulness of a
one dosage regimen in CaOx stone prophylactic treatment.

One interesting observation when the pre-treatment
day number 2 was compared with the treatment-free day
number 5, was a reduced calcium excretion, an increased
citrate excretion and consequently a decreased calcium/
citrate quotient during the latter period. This to some
extent could be due to the short period of adaptation to
the standardized diet in the beginning, but most probably
to a residual effect from the preceding days of citrate
administration. The elimination of such possible sources
of errors would require a longer period of adaptation on
standardized diet and longer wash-out periods between
periods with different dosage regimens. However, it was
not possible for our patients to follow such a programme.
For a most appropriate risk evaluation the study also
should have been performed with the patients in their
usual environment maintaining ordinary dietary and
drinking habits. The need for immediate pH measure-
ment, and preparation of each urine sample made such an
outpatient evaluation impossible.

In conclusion, a total daily dose of 7.5¢g of sodium
potassium citrate, administered in one, two and three
divided doses, had a beneficial effect on urine composition
and CaOx-CR. In view of 24 h urine composition it should
best be administered three times daily. Because of favour-
able effects on urine composition and CaOx-CR between
22.00 and 06.00 h by a single evening dose, such a regimen
might be sufficient to prevent CaOx crystal formation and
hopefully arrest CaOx stone formation. However, such
effects can only be concluded from long-term clinical
experience.
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