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Objective: To determine the efficacy and safety of sodium bicarbonate, citric acid, sodium citrate, and
tartaric acid (compound drug) in comparison to potassium citrate in the treatment of kidney stones.
Methods: Prospective randomized controlled trial of patients with kidney stones recruited from
February to October 2011 at Out-patient Department was conducted. Ninety subjects, consented and
eligible, were enrolled in this study. Random allocation of subjects into two groups was done using
computer generated randomization. Subjects assigned to group I were treated with the compound
drug(12 grams/ day); while group II subjects were given potassium citrate (60mEq/ day) for 6 weeks.
Urinary pH levels were examined weekly and the effect of medical treatment on stone size changes
was evaluated by ultrasonography every two weeks in the six-week treatment period. Intention to
treat analysis was done with 95% confidence level(CI). Statistical analysis of results was determined
using analysis of variance (ANOVA) with multiple repeated measures for between group urinary pH
changes and chi square for between groups difference in stone size changes.
Results: A total of74 subjects completed the study with a dropout rate of 18%,which was mainly due
to geographic and financial reasons. Demographic and baseline stone characteristics of both groups
were not significantly different. Treatment outcome between the two groups based on stone size
changes (in general and both radiolucent and radioopaque stones subgroups) did not show any
significant statistical difference. The pH level changes over six-week treatment period between the
two groups showed a total mean pH difference of 0.445, (95 % CI: 0.213, 0.677), which was statistically
significant (P<O.OOl)in favor of Group 1.Both treatment regimens were well-tolerated with very few
non-serious medication adverse effects.
Conclusion: Urinary alkalinization with sodium bicarbonate, citric acid, sodium citrate, and tartaric
acid is a well-tolerated and highly effective treatment resulting in dissolution of non-obstructing
kidney stones and is comparable to the gold standard potassium citrate.
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Introduction

Until the 1980s urinary stone disease was a major
health problem with a significant percent of patients
undergoing severe surgical procedures for the disease.

Since the morbidity and mortality of these surgical
procedures, medical management of kidney stones
has been the area for research for several decades now
focusing on the physicochemical characteristics of
stone formation. Potassium citrate has been the
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cornerstone for the medical treatment of kidney
stones.' As an alkali, potassium citrate alkalinizes
urine and enhances citrate excretion, offering
protection against uric acid and calcium containing
stones, respectively. Potassium citrate was shown to
decrease the urinary saturation of calcium salts and
virtually eliminate new stone formation in distal renal
tubular acidosis, chronic diarrheal syndrome, gouty
diathesis with uric acid stones alone or with calcium
oxalate, stone relapse on other treatment and
combined treatment with thiazide and/ or
allopurinol. 1

A new combination drug with the active
compounds sodium bicarbonate 1760mg, citric acid
nOmg, sodium citrate 630mg, and tartaric acid
890mg (URAL) was recently released in the local
market. Sodium bicarbonate has been used as a
urinary alkalinizer for many years now. It has the
advantage of being inexpensive and generally well-
tolerated." Citric acid and sodium citrate are well
known inhibitors of calcium stones. The protective
role of citrate is linked to several mechanisms; in
fact, citrate reduces urinary supersaturation of calcium
salts by forming soluble complexes with calcium ions
and by inhibiting crystal growth and aggregation.
Furthermore, citrate increases the activity of some
macromolecules in the urine (eg. Tamm-Horsfall
protein) that inhibit calcium oxalate aggregation."

Tartaric acid is a naturally occurring organic acid
found mainly in grapes, bananas and tamarind.
Tartrates are expected to form metal ion complexes
with calcium. The presence of tartrate in urine may
decrease the amount of ionized calcium available for
calcium oxalate precipitation. Tartrates bind with the
cations needed for crystal formation and subsequent
growth, and also function as a crystal growth
inhibitor of calcium oxalate by chemical adsorption
on the crystallization sites at a growing interface.'

The new combination of sodium bicarbonate
1760mg, citric acid nOmg sodium citrate 630mg, and
tartaric acid 890mg has never been evaluated for the
treatment of kidney stones. We then ventured to
make this prospective randomized controlled trial to
assess the effectiveness and safety of the combination
drug in the management of kidney stones compared
with the gold standard potassium citrate.

Materials and Methods

This is a prospective randomized controlled trial
of patients with a kidney stone recruited from

February to October 2011. Ninety patients were
included in this study must be 18-75 years old with a
solitary kidney stone demonstrated by kidney
ultrasound, with a stone size of equal or less than
2.0cm in the selection process. We excluded patients
with history of gastric ulcer, obstructed kidney system,
cardiac failure, renal failure, hyperkalemia or
hypernatremia, currently lactating, present intake of
other urinary alkalinizers, quinolones or on a sodium
restricted diet.

Ultrasonography was done to confirm stone
presence and burden and plain x-ray to differentiate
between radio-lucent and radio-opaque stones after
a one day bowel preparation. A baseline blood sample
was taken for serum creatinine and uric acid
measurement together with a routine urinalysis.
Patient assignment was randomized based on a
computer generated randomization number series.
Patients were assigned either to sodium bicarbonate,
citrate, tartaric acid group (Group I) or the potassium
citrate group (Group II) base on the serial number
given. The assignment was concealed in a sealed
envelope.

Patients were followed up weekly during the study
period with weekly urinary pH and for the assessment
of the side effect of the drug. All patients were started
on a low purine dietary modification.

In group I, the effervescent sachet was started on
a dose of one sachet (4 grams) every 8 hours and
was gradually increased until the urinary pH of (6.5-
7.0) is achieved or the ceiling dose of 2 sachets (8
grams) every 8 hours (total of 24 grams). In group
II, potassium citrate was started on a dose of 10meq/
tablet 1 tablet three times a day (30meq/ day) and
was gradually increased until pH of 6.5-7.0 was
achieved or the ceiling dose of 2 tablets every 8 hours
was reached (60meq/ day). Urine samples were
checked for urine pH on a weekly basis for dosage
adjustments. The effects of treatment on stone
dissolution were evaluated by ultrasonography every
two weeks for a total of 6 weeks. The ultrasonography
was done by two board certified radiologists, in
which inter- and intraobserver variables were assessed
and standardized prior to the study phase. The two
radiologists were blinded to the subjects' group
assignment, and the assignments were revealed to the
investigators only after the study period for the data
analysis.

Statistical analysis of the result was done using
chi square, paired T test to evaluate the pre and post
treatment mean difference of the stone burden with
a 95% confidence level. Analysis of variance
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(AN OVA) was used to determine the significance of
the urinary pH during the treatment duration.
Software used was EPI Info 2000, SPSS 17th version
and Microsoft Excel 2007. Intention to treat analysis
was employed on treatment result comparison of two
treatment arms on stone dissolution rate, where drop-
out patients were all considered treatment failure
regardless of the drop-out reason.

Results

A total of 74 subjects completed the study, 43
subjects in Group I and 31 in Group II. Both groups
were similar in terms of gender, distribution,
laterality with the stone, radioopacity, mean
creatinine and mean uric acid levels (Table 1).

Table 2 summarizes the stone treatment outcome
after 6 weeks of treatment. In the treatment group, a
total of 17 (39.5%) patients were stone-free after 6

weeks of treatment. There were 18 (4l.9%) patients
who had a decrease in stone size after the treatment
and 8 patients (18.6%) had no change in the stone
size. In the control group, 13 (4l.9%) patients were
stone-free. The same number of patients had a
decrease in stone size and 5 (16.1 %) patients showed
no change in stone size. The difference between the
stone free, partial dissolution and no change in stone
size between the two groups were not significant.

Table 3 shows the intention to treat analysis on
stone change after 6 weeks of treatment. In the
treatment group (Group I), 35 (77.7%) patients had
a decrease in stone size after 6 weeks of treatment.
Ten (22.2%) patients who had no change in the stone
size. In the control group (Group II), 26 (57.7%)
patients had a decrease in stone size and 19 (42.2%)
patients had no change in stone size after 6 weeks of
treatment. The differences between the two groups
were not statistically significant.

Table 1. Baseline characteristics of subjects between the two groups that completed the study.

Baseline Characteristics Treatment Arm
Group I Group II P-value

Number % Number %

Sex Male 16 37.2% 15 48.4% 0.925
Female 27 62.8% 16 51.6%

Laterality Right 21 48.8% 17 54.8% 0.610
Left 22 51.2% 14 45.2%

RadioOpacity Opaque 21 48.8% 19 61.3% 0.289
Lucent 22 51.2% 12 38.7%

Mean (Std dev) Mean (Std dev)

Creatinine Level 1.3230 (1.091) 1.0719 (0.206) 0.148

Serum Uric Acid level 6.188 (1.4166) 6.802 (1.8947) 0.115

Table 2. Stone outcome after 6 weeks of therapy.

Stone Outcome

Treatment Arm Stone free No change

Number Percent

Partial dissolution P-value

Number Number PercentPercent

Group I 39.5%
0.957

17

Group II 13 41.9%

8

18 18.6%41.9% 8

13 16.1%41.9% 5
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The efficacy of the combination drug versus
potassium citrate is shown in table 4 and stratified
according to radio-opacity of the kidney stones. There
were 40 radio-opaque stones included in the study.
Thirty four stones (85%) showed complete dissolution
or partial dissolution after the 6 week treatment
period and 6 radio-opaque stones (15%) which
showed no change in stone size. A total of 16 patients
(76.2%) in the combination drug group and 18
patients (94.7%) in the potassium citrate group
showed complete dissolution or partial dissolution
after the 6 week treatment period. However, the
difference between the two groups did not show any
significance.

There were a total of 34 radiolucent stones
included in the study. Total of 27 radiolucent stones
(79.4%) showed complete dissolution or partial
dissolution after the 6 week treatment period and 7
radiolucent stones (20.6%) which showed no change
in stone size. Total of 19 radiolucent stones (86.4%)
in the combination drug group and 8 radiolucent
stones (66.7%) in the potassium citrate group

showed complete dissolution or partial dissolution
after the 6 weeks treatment period. However the
difference between the two groups did not show any
significance.

Table 5 summarizes the efficacy between the two
treatment groups in terms of mean percent decrease
in stone size after 6 weeks of treatment. The mean
decrease in stone size in the combination drug group
was 44.65 % (±52.3) and 43.36% (±90.02) in the
potassium citrate group. Using T-test, the difference
between the two groups did not show statistical
significance (P = 0.938).

The mean difference in the change in pH between
the combination drug and the potassium citrate group
is 0.445 which showed statistical significance with a
using repeated measure ANOVA. (Table 6)

The mean change in urinary pH from the baseline
throughout the six week treatment period is shown
in the two treatment groups. The difference in the
mean urinary pH between the combination drug and
potassium citrate group showed statistical significance
using repeated measure ANOVA (Figure 1)

Table 3. Intention to treat analysis comparing the stone dissolution rate between the two treatment groups.

Treatment Arm

Change in Stone Size Group I Group II P-value

Number Percent Number Percent

No change 10 22.2% 19 42.2%
With change 35 77.7% 26 57.7% 0.071
Total 45 100.0% 45 100.0%

Stone Characteristics Treatment Arm

Table 4. Efficacy of combination drug vs potassium citrate in the treatment of kidney stones according to radioopacity.

Change in Stone Size
No change With change

Number Percent Number Percent
P-value

Opaque Group I
Group II

5
1

23.8%
5.3%

0.10116
18

76.2%
94.7%

Lucent Group I
Group II

3
4

13.6%
33.3%

0.17519
8

86.4%
66.7%
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Group Statistics

Table 5. Efficacy between the two treatment groups in terms of mean percent decrease in stone size after 6 weeks of treatment.

Treatment Arm P-valueN Std. DeviationMean decrease

Percent decrease Stone size Group I
Group II

44.654
43.361

43
31

52.3097
90.0143

0.938

Treatment Arm Comparison

Table 6. Efficacy of the change in urinary pH between combination drug and potassium citrate. (Pairwise Comparisons)

Std. Error P value 95% Confidence Interval for Difference-
Lower Bound Upper Bound

Mean Difference
(group I- group II)

Group I 0.445* 0.677Group II 0.116 <0.001 0.213

* The mean difference is significant at the 0.05level.a Adjustment for multiple comparisons: Bonferroni.

.....

. GroupI

-Group II

p value 0.000*

2 5 63

Weeks

4

* Multivariate Tests

Figure 1. Graph showing the pH levels of each treatment group
during the 6 week treatment.

Tolerability and Compliance

There was only one patient belonging to group
1 who developed epigastric pain. A patient in group
II had generalized skin rashes. Treatment was
discountinued in both cases. Seventy-two of 74
(97%) subjects claimed 100% compliance with the
combination drug and potassium citrate during the
6 week treatment without adverse-effects.

10

Subject Dropouts

There were 45 subjects for Group I and 45 subjects
for Group II at the start of the study. Two patients in
Group I and 14 patients in Group II were lost to
follow-up. The differences in the drop-out rates
between the two groups were statistically significant
(P = 0.002, chi-square). Reasons for drop-out were
mainly due to geographical and financial reasons.

Discussion

Kidney stone diseases are now being treated with
various management modalities: surgery,
percutaneous procedures and shockwave lithotripsy.
Each procedure is invasive in nature and has potential
complications. Medical treatment has been proven
to prevent recurrence of stones with the relative risk
of 0.25, indicative of a 75% decrease in the stone
formation rate upon treatment.'

Potassium citrate has been a mainstay of
medical stone management for more than 25 years
and is considered to be the gold standard in which
newer drugs are being compared to. I The primary
mechanisms of action are to increase the solubility
of stone forming salts and inhibitor activity
against calcium oxalate and calcium phosphate
stones. It is well-known that this medication causes
an increase in urinary pH and urinary citrate.v" It
has also been shown to result in a decreased stone
formation rate.v? A recent meta-analysis showed
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that alkali citrate therapy is effective in reducing
the risk of calcium stone recurrence and dissolving
an existing stone, based on the recurrence and
remission rates."

Success or failure of any medical treatment is
ascertained by the comparison of outcomes in active
treatment and control groups. Few studies were
conducted on the medical treatment of kidney stones
with an endpoint of decrease in stone size or partial
stone dissolution. A non-placebo controlled trial was
done comparing a herbal extract tea based
Orthosiphus grandiflorus and sodium potassium
citrate which a showed a mean percent decrease in
size 28.6% and 33.8%, respectively over an I8-month
period." Our result also showed a mean decrease in
stone size after 6 weeks therapy in the combination
drug group was 44.65 % (±52.3) and 43.36%.
(±90.02) in the potassium citrate group. The difference
between the two treatment groups did not show
statistical significance.

In our study, we achieved the therapeutic range
for the urinary pH after the 1st week of treatment
and persisted throughout the duration of the
treatment in Group 1. A gradual increase in pH
was observed in Group II. The difference in pH
per week of treatment between the two groups
showed statistical significance in favor of Group
1. It is also important that urinary pH is not
maintained above the therapeutic range because this
places the patient at risk for developing calcium
phosphate stones.w" One study showed that mean
urinary pH was significantly higher during the
potassium citrate/bicarbonate treatment period in
comparison to the sham period in their study."

The increase in pH observed in the two
treatment groups is a result of the in vivo oxidation
of citrate to bicarbonate, which results in a change
in the acid-base balance of the urine." Previous
studies have revealed that there appears to be a dual
role of pH in calcium oxalate urolithiasis. On the
one hand, the solubility of CaOx decreases with
increasing pH, while on the other hand, inhibitory
activity towards calcium oxalate crystallization
increases with increasing pH. At a higher pH, more
phosphate and citrate ions become dissociated,
lowering the urinary saturation of stone-forming
salt. 14 The increase in pH following administration
of citrate preparations is widely regarded as a key
success factor in the management of calcium
oxalate urolithiasis.15,16,17,18 Our results showed that
there was a greater increase in urinary pH with

group 1 compared with group II. We attribute this
to the presence of sodium bicarbonate and greater
amounts of citrate in the combination drug.
Whether this greater increase in pH change in the
combination group would translate to better clinical
outcome is uncertain. Our study failed to
demonstrate superiority of the combination drug
compared to the standard potassium citrate in stone
dissolution. This can be due to the short follow-
up of our current study and the limited number of
subjects.

The absence of any reported major adverse effect
is contrary to those being reported for potassium
salts and potassium-sodium salts.">" A similar
study done using the same combination drug also
showed no reported side effects and had 100%
compliance to the drug."

Conclusion

The result of this study showed that the drug
combination consisting of sodium bicarbonate, citric
acid, sodium citrate, and tartaric acid is an effective
medical treatment for the dissolution of existing
kidney stones and is comparable with potassium
citrate. The drug combination also significantly
alkalinizes the urine with an elevation of the urinary
pH throughout the 6 week study and is better than
potassium citrate in this aspect. The drug
combination was well tolerated and with a safety
profile comparable to potassium citrate. Urinary
alkalinization with sodium bicarbonate, citric acid,
sodium citrate, and tartaric acid is a well tolerated
and highly effective treatment resulting in dissolution
of non-obstructing kidney stones and is comparable
to the gold standard potassium citrate.
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