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Results of urinary dissolution therapy for radiolucent calculi
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ABSTRACT

Purpose: In this paper we present our experience with dissolution therapy of radiolucent
calculi.

Materials and Methods: This was a retrospective analysis of patients who were offered
urinary dissolution therapy between January 2010 and June 2011. Patients were trea-
ted with tablets containing potassium citrate and magnesium oxide. Partial dissolution
was defined as at least a 50% reduction in stone size. Patients with complete or partial
dissolution were classified in the successful dissolution group. Patients with no change,
inadequate reduction, increase in stone size and those unable to tolerate alkali therapy
were classified as failures. Patient sex, stenting before alkalinization, stone size, urine pH
at presentation and serum uric acid levels were analyzed using Fisher t-test for an asso-
ciation with successful dissolution.

Results: OQut of 67, 48 patients reported for follow up. 10 (15%) had complete dissolu-
tion and 13 (19%) had partial dissolution. Alkalinization was unsuccessful in achieving
dissolution in 25 (37%). Stenting before alkalinization, patient weight (< 60 vs. > 75kg)
and serum uric acid levels (< 6 vs. > 6) were the only factors to significantly affected
dissolution rates (p = 0.039, p 0.035, p 0.01 respectively).

Conclusions: A policy of offering dissolution therapy to patients with radiolucent calculi
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had a successful outcome in 34% of patients.

INTRODUCTION

Pure uric acid calculi offer the urologist a
unique opportunity to manage stones medically.
Factors implicated in uric acid stone formation in-
clude a persistently acidic urine, dehydration cau-
sing low urine volumes and hyperuricosuria. Of the-
se, alteration in urinary pH appears to be the most
important contributory mechanism. Urinary disso-
lution therapy for management of uric acid calculi
would currently qualify as standard of care (1). In an
outpatient setting, however, it is rare to find a pa-
tient with a proven uric acid calculus. The only sure
way of diagnosing an uric acid calculus is by doing
a stone analysis, which, due to obvious reasons, is
not feasible. While CT Honsefield density and sto-
ne density to stone size can suggest the presence

of an uric acid calculus, non-contrast CT is not a
routine investigation at our institution. A practical
surrogate is to treat radiolucent calculi with urinary
alkalinization.

Potassium citrate and sodium bicarbonate
are commonly used for alkalinization. Potassium ci-
trate is preferable as potassium urate is more soluble
than sodium urate and the addition of sodium re-
sults in a concomitant increase in sodium (2). Alka-
linization using intravenous lactate and contact
chemolysis using irrigation of the pelvicalyceal sys-
tem with tromethamine or sodium bicarbonate are
effective options (3). The success of oral chemolysis
has rendered these approaches obsolete. At our hos-
pital we have been advocating oral dissolution the-
rapy for patients presenting with radiolucent stones.
We present an audit of this practice.
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MATERIALS AND METHODS

This was a retrospective analysis done after
obtaining approval from our ethics committee. Pa-
tients who were offered urinary dissolution therapy
between January 2010 and June 2011 at our ins-
titution were included. Patients with calculi noted
on ultrasound but not seen on an x-ray KUB were
included in the study. Affected systems were sten-
ted before alkalinization in the presence of stones
causing obstruction, febrile urinary tract infection,
renal failure or recurrent pain. Patients were star-
ted on 978 mg tablets of potassium magnesium
citrate. Each tablet contained 7mEq of potassium,
3.5mEq of magnesium and 10.5mEq of citrate.

Emphasis was laid on taking the tablets
with an empty stomach ensuring a gap of at le-
ast two hours between meal times and tablets. The
initial dose was two tablets three times a day. All
patients were taught home monitoring of morning
urine using a pH strip. Patients reported urinary
pH on phone after 7 days. Drug dosage was adjus-
ted to maintain urine pH between 6 and 7. Com-
pliance with treatment and urinary pH monitoring
results were self reported.

Ultrasonography was advised after one to
six months on alkali therapy to assess stone size.
Partial dissolution was defined as at least a 50%
reduction in stone size. Patients with complete or
partial dissolution were classified in the succes-
sful dissolution group. Patients with no change,
inadequate reduction, increase in stone size and
those refusing to take the tablets due to upper gas-
trointestinal side effects were classified as failures.
Patient sex, stenting before alkalinization, stone

size, urine pH at presentation and serum uric acid
levels were analyzed using Fisher t-test to look for
an association with successful dissolution.

RESULTS

All patients underwent an initial evalua-
tion with routine blood chemistry, ultrasonogra-
phy and an x-ray KUB. 67 patients with radio-
lucent calculi were offered urinary alkalinization.
Of these, 48 (71%) had an adequate follow-up. Ten
(15%) had complete dissolution and 13 (19%) had
partial dissolution. Alkalinization was unsuccess-
ful in achieving dissolution in 25 (37%) (Table-1).
Patients were taught domiciliary monitoring of
urinary pH using pH strips. Urinary alkalinization
was achieved as early as three days after starting
therapy. Two tablets 3 times a day achieved ade-
quate alkalinization in 39 patients. Five patients
required dose reduction to one tablet 3 times a day.
Three patients required dose escalation to 9 tablets
a day and one patient who eventually had succes-
sful dissolution needed 15 tablets a day. The mean
duration at which stone clearance was reported
was 103.6 + 89 days. In the group that underwent
successful dissolution stone bulk was larger (17.45
vs. 14.8 mm), patients weighed less (58 vs. 68.9 kg),
uric acid levels were lower (4.9 vs. 6.22) and uri-
ne was more acidic at presentation (5.59 vs. 5.90)
(Table-2). However, on applying the Fisher single
tailed exact t-test, stenting before alkalinization,
patient weight (< 60 vs. > 75kg) and serum uric
acid levels (< 6 vs. > 6) were the only factors to
significantly affected dissolution rates (p = 0.039,
p 0.035, p 0.01 respectively). Stone size (< 10 mm

Table 1 - Dissolution rates and stone sizes hefore and after treatment in each group.

Group n (%) Pre Rx size(mm) Post Rx size(mm)
Complete Dissolution 10 (15%) 15.67 0

Partial Dissolution 13 (19%) 18.9 6.74

No change/ increase 25 (37%) 14.8 15.9

Lost to follow up 19 (29%) 10.9 -
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Table 2 - Statistical significance of factors affecting dissolution.

Factors P value
Stented vs nonstented 0.039
Weight < 60 vs. > 75 0.035
Serum uric acid (< vs. > 6mg/dL) 0.01
Stone size <10 vs. > 10mm 0.136
Urine pH<5.5vs. >6 0.11
Sex 0.07

vs. > 10 mm), urine pH at presentation (< 5.5 vs. >
6) of and sex of the patient did not affect success
rates (p 0.14, 0.11 and 0.07 respectively) (Table-3).
Stone analysis was available in 6 patients who
underwent surgical intervention following failure
of dissolution. Five of these had predominantly
calcium oxalate stones. One patient had a stone
composed of 80% uric acid and 20% calcium oxa-
late dihydrate.

DISCUSSION

Urinary dissolution for uric acid stones is
now standard therapy. In a clinical scenario, ho-
wever, the stone analysis is usually unavailable.
Pointers which suggest the presence of uric acid
stones include radiolucency on an X-ray KUB, a
CT Hounsefield density of 200-400 or a ratio of

stone density to stone size of < 80HU/mm (4,5).
At our institution ultrasonography and x-ray KUB
continue to remain the mainstays of diagnosis.
Stones which are evident on ultrasonography but
not seen on a plain radiograph are offered dis-
solution therapy based on a surrogate diagnosis
of possible uric acid urolithiasis. In this paper we
present an audit of our practice.

Consumption of a typically vegetarian diet
prevalent in this region results in alkalinization
of urine. A careful history of meal timings and
daily routines was taken. Patients were advised to
take their tablets at least two hours before or af-
ter meals. Urine pH however was monitored only
once a day. As far as feasible, patients were ad-
vised to check the first voided sample. A magne-
sium containing formulation was used due to the
known additional inhibitory effects of magnesium
on stone formation. We acknowledge that it is not
a necessary ingredient if the only goal is urinary
alkalinization.

The first major hurdle faced in dissolution
therapy was compliance. Almost one-third of our
patients were lost to follow-up after being started
on therapy. Of those who did remain on follow-up
many had to be repeatedly persuaded to continue
with drug therapy. The size of the tablets was a
constant complaint by patients who baulked at the
idea of taking two large tablets 3 times a day. Phar-
maceutical research into once a day dosing will
be a significant step in improving compliance. As
most patients who are started on dissolution the-
rapy are those who are asymptomatic and without
any complications, an extra degree of motivation is

Table 3 - Comparison of baseline factors in patients undergoing successful dissolution and failures.

Factor

Mean value in patients with

Mean values in failures

successful dissolution

Stone size (mm) 17.45
Patient weight (kg) 58
Urine pH at presentation 5.59
Serum uric acid (mg/dL) 49

14.8

68.9

5.90

6.22
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essential in continuing treatment. We believe that
the only plausible explanation of the better results
seen in patients who had undergone stenting is
that these symptomatic patients were more com-
pliant with their treatment.

An important question is the duration for
which therapy needs to be given. Trincheri et al.
have reported complete dissolution in 5 out of 8
patients after treatment ranging from 6 weeks to 6
months (6). A wide variation is evident in our re-
sults where stone clearance was reported at 103.6
+ 89 days. We recommend continuation of alka-
linization for at least 6 months in patients who
show a partial dissolution.

Although statistically not significant, lar-
ger stones seemed to respond better to therapy.
This, we believe, was more attributable to the
lower sensitivity of plain radiographs at smaller
stone sizes than the actual ability of treatment to
achieve dissolution. The sensitivity of plain radio-
graphs of the KUB region has been reported to
be between 48-63% (7,8). Smaller calcium stones
are more likely to be missed on x-rays and will
obviously not respond to urinary alkalinization.
Where stone analysis was available, failures were
noted in patients with calcium bearing stones.
Thus a potential drawback of our approach of
offering dissolution to patients with radiolucent
calculi is the invariable inclusion of a proportion
of patients with calcium stones who are unlikely
to respond.

Better results with lower uric acid levels
can be explained on the basis of possible renal hy-
pouricaemia in our patient population. Mutations
in URAT1 and SCL2A9 result in decreased reab-
sorption in the proximal tubule. This results in
hyperuricosuria along with low or normal serum
uric acid levels (7-9). Similar mechanisms may
contribute to idiopathic uric acid nephrolithiasis.
This would explain a higher likelihood of uric acid
stones in patients with lower serum levels and
therefore a better response to dissolution therapy.

As compared to lean stone formers a hi-
gher prevalence of uric acid stones has been re-
ported in the obese (10,11). Maalouf et al. have
reported a linear decrease in urine pH with an in-
creasing weight in stone formers (12). Taylor has
also reported an inverse relationship between BMI

and urine pH (13). These facts seem to be in direct
conflict with the better dissolution rates seen in
patients with lower weight in our study. Other me-
tabolic abnormalities including a higher incidence
of hypocitraturia, larger potassium citrate requi-
rements and non-compliance with other dietary
restrictions may explain the poorer outcomes in
the obese.

Technical factors such as skin to stone
distance as well as operator experience affect the
results of ultrasonography as a diagnostic and
monitoring tool in urolithiasis. Recent studies re-
porting sensitivity varying from 40-73% reflect
these limitations of ultrasonography (14-16). Une-
nhanced CT scans, even with low dose protocols,
result in a significant radiation exposure rende-
ring them impractical for monitoring stone size
(17). Our protocol has been dependent on a single,
experienced radiologist, who has followed up all
our patients. The results of this study need to be
viewed in this context.

The intent of the paper was to audit our
established clinical protocol. While the quantitati-
ve excretion of uric acid and the volume of urine
affect uric acid stone formation, the most impor-
tant factor is urinary pH (18). All patients were en-
couraged to increase their water intake to at least
2 litres/day. Measurement of urinary output would
have been a desirable study parameter. However,
compliance issues make its applicability questio-
nable in the routine clinical scenario. Urinary uric
acid measurements could have altered the treat-
ment algorithm by helping to decide on the need
for xanthine oxidase inhibitors. Our protocol li-
mits itself to monitoring the most important para-
meter, namely urinary pH. We do not routinely do
urine cultures before starting alkalinization.

CONCLUSIONS

A policy of offering dissolution therapy to
patients with radiolucent calculi had a successful
outcome in 34% of patients. Compliance was a ma-
jor issue with 29% of patients failing to follow-up
after an initial visit. This approach invariably inclu-
des patients with calcium bearing stones. However,
the attractiveness and safety of dissolution therapy
justifies its use in patients with radiolucent calculi.
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We would recommend a trial of urinary alkalini-
zation in asymptomatic patients where ultrasono-
graphy diagnoses urolithiasis which is not seen on
a good quality radiograph.
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