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KEY POINTS

� Thiazide diuretics, alkali citrate, and allopurinol have been shown in randomized controlled trials to
decrease recurrent calcium stone formation in patients with hypercalciuria, hypocitraturia, or hyper-
uricosuria, respectively.

� Thiazides and alkali citrate have been shown in randomized controlled trials to decrease recurrent
stone formation in unselected stone formers.

� Urease inhibitors have been shown in randomized controlled trials to decrease struvite stone
formation but side effects are common and are a major concern for these medications. Urologic
surgical intervention is critical for struvite stones whenever feasible.

� There are no randomized controlled trials for uric acid stones, but alkali citrate to alkalinize urine is
highly effective.

� Medical expulsive therapy has been shown in randomized controlled trials to increase spontaneous
stone passage and is recommended for all ureteral stones less than 10 mm if surgical intervention is
not immediately indicated.
INTRODUCTION

Nephrolithiasis is a common cause of morbidity
worldwide, with lifetime prevalence reported at
5% to 10%.1–4 In addition, recent evidence
suggests that kidney stones are becoming more
common.5,6 In the absence of pharmacologic
prophylaxis, recurrence rates are high, and may
be in excess of 50% within 10 years of an initial
stone event.7,8 In general, prevention of stone
recurrence is best directed at the underlying
pathophysiology of stone formation and the
appropriate regimen differs based on stone
composition. Among patients with calcium stones,
five major urinary risk factors increase the
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individual’s propensity: (1) hypercalciuria, (2) hy-
peroxaluria, (3) hyperuricosuria, (4) hypocitraturia,
and (5) low urine volume.9,10 In addition, hypomag-
nesuria has also been identified as a potential
contributor to calcium stone formation, although
this association is less certain.11,12 Stone preven-
tion in patients with calcium stones is based on
treatment of these urinary abnormalities. Uric
acid stones are commonly treated by increasing
urine pH to increase the solubility of uric acid in
urine, whereas cystine stones are treated with
alkalinization and thiol-binding medications to
accomplish the same goal.13–15 Finally, urease
inhibitors and antibiotics may be used as prophy-
laxis against struvite or infection stones.16 This
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article reviews the data on pharmacologic treat-
ment of stone disease, with a focus on prophylaxis
against stone recurrence. One of the most effec-
tive and important therapies for stone prevention,
an increase in urine volume, is not reviewed
because this is a dietary, not pharmacologic inter-
vention.17 Also review are medical expulsive
therapy (MET) used to improve the spontaneous
passage of ureteral stones and pharmacologic
treatment of symptoms associated with ureteral
stents. The goal is to review the literature with
a focus on the highest level of evidence (ie,
randomized controlled trials [RCT]).
CALCIUM STONES
Hypercalciuria and Thiazides

Hypercalciuria is considered an idiopathic
disease, with several abnormalities of calcium
balance present, including increased intestinal
absorption of calcium, reduced bone mineraliza-
tion, and impaired renal tubular calcium reabsorp-
tion. Primary hyperparathyroidism causes
resorptive hypercalcuria. Prevention of stone
recurrence in patients with idiopathic hypercalciu-
ria is commonly accomplished with thiazide or
thiazide-like diuretics, whereas resorptive hyper-
calcuria is best treated with parathyroid surgery.
Thiazide diuretics enhance renal calcium absorp-

tion in the proximal and distal renal tubule, and thus
havebeen themainstayof treatment of hypercalciu-
ric calcium nephrolithiasis. Multiple RCTs have
demonstrated the benefits of thiazide and
thiazide-like diuretics in the prevention of recurrent
stone disease.12,18–22 Interestingly, only two of
these trials limited their participants to those with
hypercalciuria,18,19 whereas the remainder enrolled
calcium stone formers not selected based on
urinary calcium excretion. All studies that followed
patients for a minimum of 2 years demonstrated
abenefit of thiazide treatment. These trials all exam-
ined patients with calcium oxalate stones or
unspecified calcium stones. Although there are no
RCTs that studied calcium phosphate stones per
se, thiazidesareoftenused forpatientswith calcium
phosphate stones who also demonstrate hypercal-
ciuria. A Cochrane database review that analyzed
five studies (316 patients) using thiazides or
thiazide-like diuretics noted a 60% decrease in the
number of new stone recurrences in patients
treated with thiazides compared with placebo.23

Potential side-effects of thiazides and thiazide-
like diuretics include hypokalemia, glucose intoler-
ance, dyslipidemia, and hyperuricemia.24 A review
of the RCTs of thiazide therapy for nephrolithiasis
noted that serum glucose and lipidswere evaluated
in two of the studies and were unchanged by
therapy, serum uric acid was increased in each of
the three studies that examined it, and three of
four studies that measured serum potassium noted
hypokalemia. Because of this latter potential side
effect, potassium supplementation should usually
accompany thiazide therapy to avert hypokalemia
and resultant thiazide-induced hypocitraturia.24

Potassium is usually administered as the citrate
salt but potassium chloride can also be effective.
Amiloride or spironolactone are alternatives to
reducepotassium loss, but the poorly soluble triam-
terene should be avoided.
For patientswith idiopathic hypercalciuria, typical

doses of these medications are as follows: hydro-
chlorothiazide, 50 mg daily or 25 mg twice daily;
chlorthalidone, 25 to 50 mg daily; indapamide,
1.25 to 2.5mg daily; amiloride, 5 mg daily; and ami-
loride/hydrochlorothiazide, 5/50 mg daily.25 There
are several common strategies to avert thiazide-
induced hypokalemia, which include the addition
of potassium citrate or potassium chloride (10–20
mEq orally daily to twice daily, useful in patients
who also have hypocitraturia) or the use of a combi-
nation thiazide/potassium-sparing diuretic, such as
amiloride/hydrochlorothiazide in patients who do
not require citrate repletion. Monitoring of urine pH
is also critical because elevation of the urine pH
greater than 6.5 can lead to supersaturation of
calcium phosphate and possible change in stone
recurrence composition.
Hyperoxaluria, Magnesium, Pyridoxine, and
Oxalobacter

Hyperoxaluria has often been treated with dietary
rather than pharmacologic intervention. Histori-
cally, patients have been advised to restrict dietary
oxalate, and some have advised a calcium-rich
diet in which ingested calcium binds oxalate in
the stomach and gastrointestinal tract, limiting its
availability for intestinal absorption and for urinary
excretion.26 Two pharmacologic agents that may
lower urinary oxalate are magnesium and pyri-
doxine. In both cases, however, the data are far
less compelling than those that favor thiazides.
Magnesium, a cation, forms complexes with

oxalate anions in the urine, reducing the oxalate
available to bind calcium and form calcium oxalate
calculi. Dietary magnesium may reduce intestinal
oxalate absorption in a manner similar to dietary
calcium, as described previously.27 There are
several noncontrolled trials in the literature evalu-
ating magnesium oxide and magnesium hydroxide
preparations that reported decreases in stone
recurrence rates on these medications.28–30

However, the singleRCT that examinedmagnesium
hydroxide versus placebo reported no difference
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between treatment and placebo arms in prevention
of stone recurrence.12 Magnesium supplementa-
tion ismost often used in patientswith hypomagne-
siuria, most of whom have bowel disease. Potential
side effects of magnesium therapy include diarrhea
and gastrointestinal discomfort. Although less well-
studied thanmagnesium supplementation, calcium
supplementation (calcium carbonate, calcium
citrate) is another potential therapeutic target for hy-
peroxaluria that functions by the samemechanism,
complexing with oxalate anions. Supplementation
of calcium is a strategy commonly used to lower
stone risk for patients with a history of Roux-en-Y
gastric bypass surgery, in whom hyperoxaluria is
themost commonurine abnormality foundonmeta-
bolic stone evaluation.31

The rationale for use of vitamin B6 is that defi-
ciencies may lead to excess urine oxalate.32 The
literature is lacking in RCTs regarding this use of
pyridoxine for prevention of recurrent stone
disease, but uncontrolled studies have shown
that vitamin B6 may decrease urine oxalate or
stone recurrence in patients with calcium oxalate
stones.33,34 Epidemiologic studies have failed to
demonstrate a benefit of vitamin B6 supplementa-
tion in men,35 but did show that in women, high
daily doses of vitamin B6 (>40 mg/day) may
decrease risk of stone formation compared with
those who ingest little or no vitamin B6.

36 A retro-
spective study of pyridoxine in addition to dietary
counseling in patients with hyperoxaluria noted
an approximately 30% decrease in urine oxalate
on follow-up 24-hour urine studies.37

Another potential therapy is the bacterium Oxa-
lobacter formigenes, which colonizes the intestinal
tract. Studies have shown that lack of colonization
of this bacterium, the sole substrate of which is
oxalate, may be associated with an increased inci-
dence of calcium oxalate stone disease.38 Early
evidence demonstrated that oral Oxalobacter
formulations could decrease urine oxalate excre-
tion.39 However, a recent RCT of orally adminis-
tered Oxalobacter in patients with primary
hyperoxaluria, a rare genetic calcium oxalate stone
disease characterized by abnormal hepatic oxalate
synthesis, failed to show differences in urine
oxalate between the oral Oxalobacter group and
placebo.40 This potential therapy might be more
successful if targeted toward patients with enteric
hyperoxaluria, related to excessive absorption in
the setting of inflammatory bowel disease and
other causes of short bowel syndrome.
Hypocitraturia, Alkali Citrate, and Fruit Juices

Citrate is a known endogenous inhibitor of calcium
oxalate stone formation; it forms soluble
complexes with calcium and reduces urinary
supersaturation of calcium oxalate.41 In some
cohort studies of stone formers, the incidence of
hypocitraturia is in excess of 50%.42 Several
RCTs have been performed, each using a different
alkali-citrate preparation.43–45 Potassium citrate45

and potassium-magnesium citrate43 were both
shown to significantly decrease recurrent stone
formation in patients with hypocitraturia and unse-
lected stone formers, respectively, whereas
sodium-potassium citrate44 failed to show
a benefit. Potassium citrate is commercially avail-
able in tablet, liquid, and powder forms (to be
mixed with water), whereas potassium-
magnesium-citrate remains an investigational
drug.46 A typical starting dose of potassium citrate
is 40 to 60 mEq daily in divided doses, increasing
until the desired level of citraturia is reached.46

Many clinicians monitor serum potassium 7 to 10
days after starting or changing doses of this medi-
cation. A theoretical risk of hyperkalemia exists
when using potassium-based preparations, and
patients with decreased glomerular filtration rate
should be monitored closely when administering
this medication. In addition, some patients report
gastrointestinal side effects when taking potas-
sium citrate and it is contraindicated in patients
with active peptic ulcer disease. For patients with
renal insufficiency or others with increased risk of
hyperkalemia, sodium citrate or sodium bicar-
bonate may be used to increase urine citrate;
however, excess sodium is another driving force
in stone formation, and sodium can lead to exacer-
bations of congestive heart failure, hypertension,
and lower extremity edema or fluid retention.

Urine citrate may also be significantly increased
by ingesting beverages that are high in citrate
content. In 1996, a retrospective study reported
significant increases in urine citrate seen in
patients who are hypocitraturic treated with
a “homemade lemonade” formula (7.5 cups of
water mixed with 0.5 cup of concentrated lemon
juice, sweetened to taste with artificial sweetener
and consumed daily).47 Since then, several studies
have tested various beverages, including other
lemonade-based preparations, orange juice,
pomegranate juice, lime juices, melon juice, diet
sodas, and others, with equivocal results.48,49 In
addition, a single retrospective study noted that
patients on lemonade therapy demonstrated
a decreased stone recurrence rate.50 Although
the potential for beverage-based therapies
remains of interest to patients who prefer nonphar-
macologic interventions, lemonade-based thera-
pies have been the most well-studied and some
follow-up studies have produced similar results
to the initial report.48
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Hyperuricosuria and Allopurinol

Urine uric acid is thought to promote the formation
of calcium oxalate stones. Uric acid reduces the
solubility of calcium, called “salting out,” and
promotes the formation of calcium oxalate
calculi.51 Thus, hyperuricosuric calcium oxalate
nephrolithiasis has traditionally been treated with
allopurinol, a xanthine oxidase inhibitor that
reduces endogenous uric acid production and
urinary uric acid excretion. A single RCT examined
stone recurrence in patients who are hyperurico-
suric treated with either allopurinol or placebo
and noted that the allopurinol arm demonstrated
a significant decrease in stone recurrence of
more than 50%.52 This trial excluded patients
with hypercalciuria and the effectiveness of
xanthine oxidase inhibition in patients with hyper-
calciuria has not been established. Allopurinol is
typically prescribed at a dose of 100 to 300 mg
daily for treatment of hyperuricosuric calcium
nephrolithiasis and is often used if dietary
measures to reduce urine uric acid excretion (ie,
dietary protein moderation) are not successful.46

Rare side effects of this medication include
Stevens-Johnson syndrome and elevated liver
enzymes. For this reason, liver function tests
should be monitored several months after initiation
of allopurinol therapy.53 An uncontrolled trial also
demonstrated that potassium citrate is effective
in decreasing stone recurrence in patients with hy-
peruricosuric calcium oxalate nephrolithaisis.54

Interesting recent research in uric acid metabo-
lism may lead to novel therapies for hyperuricosu-
ric nephrolithiasis and uric acid nephrolithiasis (see
later) in the future. Specifically, recent reports of
a new xanthine oxidase inhibitor (febuxostat) and
a recombinant form of the enzyme uricase (Ras-
buricase) have demonstrated superiority to allopu-
rinol in lowering serum uric acid and may also be
more potent at reducing the frequency of gouty
attacks.55,56 These medications represent poten-
tial therapeutic agents for stone disease but have
not been tested to date.57
URIC ACID STONES

At urine pH less than 5.5, uric acid has poor solu-
bility in urine and the consequence of such acid
urine may be formation of uric acid calculi. Some
patients, despite having “normal” 24-hour urine
uric acid levels, continue to precipitate uric acid
stones if they have persistent “unduly acidic”
urine. If urine pH is not increased, xanthine oxidase
inhibition of uricosuria may be ineffective; at high
urine pH, xanthine oxidase inhibition is redundant
in addressing recurrent uric acid stones.
Urinary alkalinization is the main strategy in the
treatment of uric acid calculi and is of much
greater importance than reduction of uricosuria.
There are no RCTs evaluating therapies for
prevention of uric acid stones but alkalinization
with alkali citrate is clearly so effective that
randomized trials are not necessary to establish
efficacy.13,58 A common strategy for treating uric
acid calculi is to alkalinize the urine as a first-line
treatment and reserve the addition of allopurinol
to those patients with persistently acidic urine
who do not alkalinize easily, such as in the pres-
ence of bowel disease, morbid obesity, or those
with hyperuricemia (eg, gout and myeloprolifera-
tive disorders). Typical starting doses include
potassium citrate, 4 to 60 mEq in divided doses,
or sodium bicarbonate, 1300 mg twice daily, with
goal urine pH between 6.5 and 7.46 As described
previously for the treatment of hypocitraturia,
sodium bicarbonate is a reasonable alternative to
potassium citrate for patients with renal insuffi-
ciency or other risk for hyperkalemia. Dose titration
for either medication may be done by monitoring
urine pH in the physician’s office or by patients
at home using nitrazine paper.
STRUVITE STONES

Infection or struvite stones are those that occur as
a result of chronic infection of the genitourinary
tract with urease-producing bacteria, most often
Proteus, Pseudomonas, Klebsiella, or yeast, and
form at relatively high pH (typically >7). Composi-
tion of these stones is generally calcium magne-
sium ammonium phosphate alone, although
many struvite stones also have a component of
calcium phosphate (carbonate apatite or hydroxy-
apatite). For these stones in particular, surgical
treatment is of paramount importance because it
is often quite difficult to sterilize the urine and
prevent recurrence if stones colonized with
bacteria remain in the kidneys.
Pharmacologic prevention studies have focused

on urease inhibitors and chronic suppressive anti-
biotics. Several RCTs have studied the urease
inhibitor acetohydroxamic acid (AHA). This medi-
cation neutralizes urease, the enzyme that is
central to formation of struvite stones.16,59,60

Hydroxyurea, another potential urease inhibitor,
has not been studied in a randomized trial. Each
of these studies showed a significant benefit in
terms of stone prevention on this agent. It should
be stressed that these trials were done before
the availability of the flexible ureteroscopes that
today allow the endourologist access to all
calyces. The role of these drugs is not well defined
in an era in which stones can be more thoroughly
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evacuated with ureteroscopy. AHA administration
was associated with significant side effects, and
the rate of severe side effects in these studies
from patients on treatment ranged from 22% to
62%.16,59,60 Known potential side effects include
deep vein thrombosis, pulmonary embolism,
headache, and tremulousness.60 Chronic antibi-
otic suppression has been suggested in these
patients, and there are retrospective data, but no
randomized data, to support its use.61 The
regimen of AHA and antibiotic suppression is typi-
cally reserved for patients who are poor surgical
candidates for whom the significant side effect
profile of AHA may be an acceptable risk.

For patients with struvite calculi undergoing en-
dourologic procedures, preoperative antibiotics
are commonly used. Two prospective studies of
antibiotics before percutaneous nephrolithotomy
versus placebo in prevention of sepsis after percu-
taneous nephrolithotomy noted a significant
reduction in patients treated with either ciprofloxa-
cin or nitrofurantoin.62,63 In addition, it is recom-
mended for patients undergoing percutaneous
nephrolithotomy to obtain intraoperative renal
pelvis and stone culture, because these are the
most accurate methods to identify causative
bacteria should these patients develop fevers or
sepsis postoperatively.64
CYSTINE STONES

Cystinuria is an autosomal-recessive condition in
which those afflicted excrete cystine in large
amounts in the urine. Cystine solubility is reported
at 250 mg/L, but many homozygotes with the
disease may excrete in excess of 1500 mg per
24 hours, leading to chronic recurrent stone
formation. Mainstays of treatment are combination
therapy with urinary alkalinization and thiol-binding
medications. Because of the relatively high pKa of
cystine (8.5), these medications may be more
effective in combination than when used alone.25

There are no RCTs comparing any treatment
with placebo for the prevention of recurrent
cystine nephrolithiasis. Four noncontrolled trials
have demonstrated that d-penicillamine and a-
mercaptopropionylglycine (tiopronin) were effec-
tive in decreasing the number of recurrent stone
events in patients who are cystinuric.65–68

Although often well-tolerated, infrequent side
effects include the following: bone marrow
suppression, proteinuria with nephropathy, hepa-
totoxicity, aplastic anemia, drug-induced lupus,
abdominal pain, diarrhea, nausea and vomiting,
and anorexia. A typical starting dose of tiopronin
is 200 to 300 mg three times daily (in addition to
potassium citrate or sodium bicarbonate with
goal urine pH 7.5), with close follow-up of 24-
hour urine composition to monitor the efficacy of
treatment. It is recommended to check liver func-
tion tests, complete blood counts, and urine
protein/creatinine ratios at least twice a year in
patients taking these drugs. A single study that
compared the two medications suggested that
side effects may be less frequent for tiopronin
than for d-penicillamine.25

Captopril, a commonly used antihypertensive
that contains a thiol-group, is another theoretical
pharmacologic target for cystinuria. However, it
does not appear in the urine in sufficient quantities
to affect cysteine solubility and several small
studies have yielded equivocal data on its ability
to decrease urinary cystine levels.25
MEDICAL EXPULSIVE THERAPY

MET refers to the use of pharmacotherapy to facil-
itate the spontaneous passage of ureteral stones.
MET is based on the principal of ureteral relaxation
and the increase of hydrostatic pressure proximal
to the stone.69 Clinically, the data are most
compelling for the use of a-adrenergic antagonists
and calcium channel blockers. Since the original
description, multiple studies have revealed the
efficacy of MET in increasing stone passage rage
and decreasing time to passage of stones. In
2006, a meta-analysis of RCTs reported on pooled
data from nine trials (N 5 693).70 The main
outcome was the proportion of patients who
passed stones. The authors concluded that
patients given calcium-channel blockers or a-
blockers had a 65% greater likelihood of stone
passage than those not given these treatments.
Additionally, the addition of steroids to the various
regimens led to a minor benefit. After this report,
other studies demonstrated the efficacy of MET
for ureteral stones.71,72 Overall, efficacy
comparing different a-blockers (tamsulosin, doxa-
zosin, terazosin) or a-blockers with a calcium
channel blocker (nifedipine) could not be deter-
mined. In another large review by Singh and
colleagues,71 MET was established as a cost-
effective and well-tolerated therapy. The latter
was reported in a systemic review of 16 articles
on medical therapy and concluded MET was
safe and efficacious for moderately sized ureteral
stones. A single RCT comparing alfuzosin with
placebo noted that patient discomfort was signifi-
cantly decreased in the treatment arm compared
with placebo.73

Because MET is most commonly used in the
emergency department setting, Itano and
colleagues74 recently assessed the use of MET
in their tertiary-care emergency department.
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Of 119 patients evaluated by emergency depart-
ment physicians, only 14% of patients received
MET. The researchers concluded MET was under-
used and recommended educational interventions
in the emergency department setting. The compel-
ling evidence for the use of MET led the American
Urological Association guidelines committee to
recommend that patients with ureteral stones
less than 10 mm in the appropriate clinical setting
(without indications for surgical intervention),
Table 1
Trials of medical expulsive therapy for ureteral stone

Author/Year Regimen

Mean
Stone
(mm)

1. Cha et al,82 2012 Tamsulosin, 0.4 mg
Tamsulosin, 0.2 mg
Alfuzosin
Trospium

5.49 �
5.73 �
5.81 �
5.59 �

2. Al-Ansari et al,83

2010
Tamsulosin
Placebo

NA

3. Griwan et al,84

2010
Tamsulosin
watchful waiting

6.70 �
6.33 �

4. Pedro et al,73 2008 Alfuzosin
Control

3.83 �
4.08 �

5. Vincendeau et al,85

2010
Tamsulosin
Placebo

2.9
3.2

6. Ahmed and
Al-Sayed,86

2010

Tamsulosin
Alfuzosin
Placebo

4.97 �
5.47 �
5.39 �

7. Agrawal et al,87

2009
Tamsulosin
Alfuzosin
Placebo

6.17
6.70
6.35

8. Wang et al,88

2008
Tamsulosin
Terazosin
Control

6.5
6.5
6.5

9. Gurbuz et al,89

2011
Hyoscine N-butyl
bromide

Alfuzosin
Doxazosin
Terazosin

6.13

5.83
5.59
5.48

10. Resorlu et al,90

2011
Doxazosin males
Doxazosin female

6.5
7.5

11. Porpiglia et al,91

2000
Nifedipine 1
Deflazacort

watchful waiting

5.8

5.5

12. Cooper et al,92

2000
Nifedipine
Control

3.9
3.9

13. Dellabella et al,93

2005
Phloroglucinol
Tamsulosin
Nifedipine

14. Dellabella et al,94

2005
Tamsulosin 1 steroid
Tamsulosin 1 no
steroids

6.9
6.4
should be put on a MET regimen.75 Major trials
involving the use of MET are shown in Table 1.
PHARMACOLOGIC THERAPY FOR URETERAL
STENT SYMPTOMS

Ureteral stents are commonly used to promote
healing and decrease obstruction and pain after
treatment of ureteral or renal stones.76 Commonly
associated side effects include lower urinary tract
s

Size Observation
Time (d)

Mean
Expulsion
Time (d)

Stone
Expulsion
Rate (%)

1.31
1.57
1.26
1.44

28 7.82 � 5.08
7.82 � 5.08
8.22 � 5.96
13.56 � 6.49

23/30 (76.6)
23/30 (76.7)
27/36 (75)
16/34 (47.1)

28 6.4 � 2.77
9.87 � 5.4

41/50 (82)
28/46 (61)

1.60
1.47

28 27/30 (90)
21/30 (70)

0.95
0.17

28 5.19 � 4.82
8.54 � 6.99

(73.5)
(77.1)

42 47/61 (77)
43/61 (70.5)

2.24
2.13
1.8

30 7.52 � 7.06
8.26 � 7.34
13.90 � 6.99

25/29 (86.2)
23/30 (76.6)
14/28 (50)

28 12.3
14.5
24.5

28/34 (82.3)
24/34 (70.5)
12/34 (35.2)

28 6.3
6.3
10.1

26/32 (81)
25/32 (78)
17/31 (55)

14 10.55 � 6.21

7.38� 5.55
7.85 � 5.11
7.45 � 5.32

11%

52.9%
62%
46%

21 29/40 (72.5)
28/40 (70)

28 7

20

38/48 (79)

17/48 (35)

48 12.6
11.2

31/35 (89)
19/35 (54)

28 6.2
7.2
6.2

45/70 (64.3)
68/70 (97.1)
54/70 (77.1)

28 3
5

29/30 (96.7)
27/30 (90)
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symptoms, such as urinary frequency and
urgency, pain, and decreased quality of life.
Multiple pharmacologic agents have been studied
whose purpose is to reduce stent-related symp-
toms. The most common class of medications is
a-blockers.77,78 Two recent meta-analyses noted
that the a-blockers tamsulosin and alfuzosin are
each associated with significant decreases in
stent-related lower urinary tract symptoms and
pain and significant improvements in general
health.77,78 The larger of these two studies exam-
ined RCTs that included 946 patients.78

Two RCTs have also reported significant bene-
fits from anticholinergic medications (extended
release tolterodine79 and solifenacin80). A third
RCT failed to show a beneficial effect of extended
release oxybutnin, although the authors noted that
their sample size was small.81

A single study placebo-controlled study exam-
ining the use of a-blockers and anticholinergic
medications alone or in combination noted that
combination therapy (tamsulosin with solifenacin)
was associated with the greatest reduction in
stent-related symptoms.80
REFERENCES

1. Stamatelou KK, Francis ME, Jones CA, et al. Time

trends in reported prevalence of kidney stones in

the United States: 1976-1994. Kidney Int 2003;63:

1817.

2. Soucie JM, Thun MJ, Coates RJ, et al. Demographic

and geographic variability of kidney stones in the

United States. Kidney Int 1994;46:893.

3. Lee YH, Huang WC, Tsai JY, et al. Epidemiological

studies on the prevalence of upper urinary calculi

in Taiwan. Urol Int 2002;68:172.

4. Safarinejad MR. Adult urolithiasis in a population-

based study in Iran: prevalence, incidence, and

associated risk factors. Urol Res 2007;35:73.

5. Scales CD Jr, Smith AC, Hanley JM, et al. Preva-

lence of kidney stones in the United States. Eur

Urol 2012;62:160.

6. Trinchieri A, Coppi F, Montanari E, et al. Increase in

the prevalence of symptomatic upper urinary tract

stones during the last ten years. Eur Urol 2000;

37:23.

7. Ljunghall S, Danielson BG. A prospective study of

renal stone recurrences. Br J Urol 1984;56:122.

8. Trinchieri A, Ostini F, Nespoli R, et al. A prospective

study of recurrence rate and risk factors for recur-

rence after a first renal stone. J Urol 1999;162:27.

9. Levy FL, Adams-Huet B, Pak CY. Ambulatory evalu-

ation of nephrolithiasis: an update of a 1980

protocol. Am J Med 1995;98:50.

10. Pak CY, Britton F, Peterson R, et al. Ambulatory eval-

uation of nephrolithiasis. Classification, clinical
presentation and diagnostic criteria. Am J Med

1980;69:19.

11. Su CJ, Shevock PN, Khan SR, et al. Effect of magne-

sium on calcium oxalate urolithiasis. J Urol 1991;

145:1092.

12. Ettinger B, Citron JT, Livermore B, et al. Chlorthali-

done reduces calcium oxalate calculous recurrence

but magnesium hydroxide does not. J Urol 1988;

139:679.

13. Pak CY, Sakhaee K, Fuller C. Successful manage-

ment of uric acid nephrolithiasis with potassium

citrate. Kidney Int 1986;30:422.

14. Coe FL, Clark C, Parks JH, et al. Solid phase assay

of urine cystine supersaturation in the presence of

cystine binding drugs. J Urol 2001;166:688.

15. Dolin DJ, Asplin JR, Flagel L, et al. Effect of cystine-

binding thiol drugs on urinary cystine capacity in

patients with cystinuria. J Endourol 2005;19:429.

16. Griffith DP, Khonsari F, Skurnick JH, et al.

A randomized trial of acetohydroxamic acid for the

treatment and prevention of infection-induced

urinary stones in spinal cord injury patients. J Urol

1988;140:318.

17. Borghi L, Meschi T, Schianchi T, et al. Urine volume:

stone risk factor and preventive measure. Nephron

1999;81(Suppl 1):31.

18. Borghi L, Meschi T, Guerra A, et al. Randomized

prospective study of a nonthiazide diuretic, indapa-

mide, in preventing calcium stone recurrences.

J Cardiovasc Pharmacol 1993;22(Suppl 6):S78.

19. Ohkawa M, Tokunaga S, Nakashima T, et al. Thia-

zide treatment for calcium urolithiasis in patients

with idiopathic hypercalciuria. Br J Urol 1992;

69:571.

20. Brocks P, Dahl C, Wolf H, et al. Do thiazides prevent

recurrent idiopathic renal calcium stones? Lancet

1981;2:124.

21. Mortensen JT, Schultz A, Ostergaard AH. Thiazides

in the prophylactic treatment of recurrent idiopathic

kidney stones. Int Urol Nephrol 1986;18:265.

22. Laerum E, Larsen S. Thiazide prophylaxis of urolith-

iasis. A double-blind study in general practice. Acta

Med Scand 1984;215:383.

23. Escribano J, Balaguer A, Pagone F, et al. Pharmaco-

logical interventions for preventing complications in

idiopathic hypercalciuria. Cochrane Database Syst

Rev 2009;(1):CD004754.

24. Huen SC, Goldfarb DS. Adverse metabolic side

effects of thiazides: implications for patients with

calcium nephrolithiasis. J Urol 2007;177:1238.

25. Moe OW, Pearle MS, Sakhaee K. Pharmacotherapy

of urolithiasis: evidence from clinical trials. Kidney

Int 2011;79:385.

26. Hess B, Jost C, Zipperle L, et al. High-calcium intake

abolishes hyperoxaluria and reduces urinary crystal-

lization during a 20-fold normal oxalate load in hu-

mans. Nephrol Dial Transplant 1998;13:2241.



Eisner et al28
27. Liebman M, Costa G. Effects of calcium and magne-

sium on urinary oxalate excretion after oxalate loads.

J Urol 2000;163:1565.

28. Moore CA, Bunce GE. Reduction in frequency of

renal calculus formation by oral magnesium admin-

istration. A preliminary report. Invest Urol 1964;2:7.

29. Johansson G, Backman U, Danielson BG, et al.

Biochemical and clinical effects of the prophylactic

treatment of renal calcium stones with magnesium

hydroxide. J Urol 1980;124:770.

30. Vagelli G, Calabrese G, Pratesi G, et al. Magnesium

hydroxide in idiopathic calcium nephrolithiasis.

Minerva Urol Nefrol 1998;50:113 [in Italian].

31. Kleinman JG. Bariatric surgery, hyperoxaluria, and

nephrolithiasis: a plea for close postoperative

management of risk factors. Kidney Int 2007;72:8.

32. Williams HE, Smith LH Jr. Disorders of oxalate

metabolism. Am J Med 1968;45:715.

33. Mitwalli A, Ayiomamitis A, Grass L, et al. Control of

hyperoxaluria with large doses of pyridoxine in

patients with kidney stones. Int Urol Nephrol 1988;

20:353.

34. Balcke P, Schmidt P, Zazgornik J, et al. Pyridoxine

therapy in patients with renal calcium oxalate calculi.

Proc Eur Dial Transplant Assoc 1983;20:417.

35. Curhan GC, Willett WC, Rimm EB, et al.

A prospective study of the intake of vitamins C and

B6, and the risk of kidney stones in men. J Urol

1996;155:1847.

36. Curhan GC, Willett WC, Speizer FE, et al. Intake of

vitamins B6 and C and the risk of kidney stones in

women. J Am Soc Nephrol 1999;10:840.

37. Ortiz-Alvarado O, Miyaoka R, Kriedberg C, et al.

Pyridoxine and dietary counseling for the manage-

ment of idiopathic hyperoxaluria in stone-forming

patients. Urology 2011;77:1054.

38. KaufmanDW, Kelly JP, CurhanGC, et al.Oxalobacter

formigenes may reduce the risk of calcium oxalate

kidney stones. J Am Soc Nephrol 2008;19:1197.

39. Sidhu H, Allison MJ, Chow JM, et al. Rapid reversal

of hyperoxaluria in a rat model after probiotic admin-

istration of Oxalobacter formigenes. J Urol 2001;

166:1487.

40. Hoppe B, Groothoff JW, Hulton SA, et al. Efficacy

and safety of Oxalobacter formigenes to reduce

urinary oxalate in primary hyperoxaluria. Nephrol

Dial Transplant 2011;26:3609.

41. Kok DJ, Papapoulos SE, Bijvoet OL. Excessive

crystal agglomeration with low citrate excretion in

recurrent stone-formers. Lancet 1986;1:1056.

42. Tracy CR, Pearle MS. Update on the medical

management of stone disease. Curr Opin Urol

2009;19:200.

43. Ettinger B, Pak CY, Citron JT, et al. Potassium-

magnesium citrate is an effective prophylaxis

against recurrent calcium oxalate nephrolithiasis.

J Urol 1997;158:2069.
44. Hofbauer J, Hobarth K, Szabo N, et al. Alkali citrate

prophylaxis in idiopathic recurrent calcium oxalate

urolithiasis–a prospective randomized study. Br J

Urol 1994;73:362.

45. Barcelo P, Wuhl O, Servitge E, et al. Randomized

double-blind study of potassium citrate in idiopathic

hypocitraturic calcium nephrolithiasis. J Urol 1993;

150:1761.

46. Pearle MS, Asplin JR, Coe FL, et al. Medical

management of urolithiasis. In: Denstedt JD,

Khoury S, editors. 2nd International Consultation

on Stone Disease. Paris (France): Health Publica-

tions; 2008. p. 57–84.

47. Seltzer MA, Low RK, McDonald M, et al. Dietary

manipulation with lemonade to treat hypocitraturic

calcium nephrolithiasis. J Urol 1996;156:907.

48. Kurtz MP, Eisner BH. Dietary therapy for patients

with hypocitraturic nephrolithiasis. Nat Rev Urol

2011;8:146.

49. Sumorok NT, Asplin JR, Eisner BH, et al. Effect of

diet orange soda on urinary lithogenicity. Urol Res

2012;40:237.

50. Kang DE, Sur RL, Haleblian GE, et al. Long-term

lemonade based dietary manipulation in patients

with hypocitraturic nephrolithiasis. J Urol 2007;

177:1358.

51. Grover PK, Ryall RL. Urate and calcium oxalate

stones: from repute to rhetoric to reality. Miner Elec-

trolyte Metab 1994;20:361.

52. Ettinger B, Tang A, Citron JT, et al. Randomized trial

of allopurinol in the prevention of calcium oxalate

calculi. N Engl J Med 1986;315:1386.

53. Fritsch PO, Sidoroff A. Drug-induced Stevens-

Johnson syndrome/toxic epidermal necrolysis. Am

J Clin Dermatol 2000;1:349.

54. Pak CY, Peterson R. Successful treatment of hyper-

uricosuric calcium oxalate nephrolithiasis with

potassium citrate. Arch Intern Med 1986;146:863.

55. Becker MA, Schumacher HR Jr, Wortmann RL, et al.

Febuxostat compared with allopurinol in patients

with hyperuricemia and gout. N Engl J Med 2005;

353:2450.

56. Coutsouvelis J, Wiseman M, Hui L, et al. Effective-

ness of a single fixed dose of rasburicase 3 mg in

the management of tumour lysis syndrome. Br J

Clin Pharmacol 2012, in press.

57. Goldfarb DS. Potential pharmacologic treatments for

cystinuria and for calcium stones associated with

hyperuricosuria. Clin J Am Soc Nephrol 2011;6:

2093.

58. Rodman JS. Intermittent versus continuous alkaline

therapy for uric acid stones and ureteral stones of

uncertain composition. Urology 2002;60:378.

59. Griffith DP, Gleeson MJ, Lee H, et al. Randomized,

double-blind trial of Lithostat (acetohydroxamic

acid) in the palliative treatment of infection-induced

urinary calculi. Eur Urol 1991;20:243.



Pharmacologic Treatment of Kidney Stone Disease 29
60. Williams JJ, Rodman JS, Peterson CM.

A randomized double-blind study of acetohydroxa-

mic acid in struvite nephrolithiasis. N Engl J Med

1984;311:760.

61. Martinez-Pineiro JA, de Iriarte EG, Armero AH.

The problem of recurrences and infection after

surgical removal of staghorn calculi. Eur Urol

1982;8:94.

62. Bag S, Kumar S, Taneja N, et al. One week of nitro-

furantoin before percutaneous nephrolithotomy

significantly reduces upper tract infection and uro-

sepsis: a prospective controlled study. Urology

2011;77:45.

63. Mariappan P, Smith G, Moussa SA, et al. One week

of ciprofloxacin before percutaneous nephrolithoto-

my significantly reduces upper tract infection and

urosepsis: a prospective controlled study. BJU Int

2006;98:1075.

64. Korets R, Graversen JA, Kates M, et al. Post-percu-

taneous nephrolithotomy systemic inflammatory

response: a prospective analysis of preoperative

urine, renal pelvic urine and stone cultures. J Urol

2011;186:1899.

65. Chow GK, Streem SB. Medical treatment of cystin-

uria: results of contemporary clinical practice.

J Urol 1996;156:1576.

66. Dahlberg PJ, van den B, Kurtz SB, et al. Clinical

features and management of cystinuria. Mayo Clin

Proc 1977;52:533.

67. Pak CY, Fuller C, Sakhaee K, et al. Management of

cystine nephrolithiasis with alpha-mercaptopropio-

nylglycine. J Urol 1986;136:1003.

68. Barbey F, Joly D, Rieu P, et al. Medical treatment of

cystinuria: critical reappraisal of long-term results.

J Urol 2000;163:1419.

69. Sivula A, Lehtonen T. Spontaneous passage of arti-

ficial concretions applied in the rabbit ureter. Scand

J Urol Nephrol 1967;1:259.

70. Hollingsworth JM, Rogers MA, Kaufman SR, et al.

Medical therapy to facilitate urinary stone passage:

a meta-analysis. Lancet 2006;368:1171.

71. Singh A, Alter HJ, Littlepage A. A systematic review

of medical therapy to facilitate passage of ureteral

calculi. Ann Emerg Med 2007;50:552.

72. Seitz C, Liatsikos E, Porpiglia F, et al. Medical

therapy to facilitate the passage of stones: what is

the evidence? Eur Urol 2009;56:455.

73. Pedro RN, Hinck B, Hendlin K, et al. Alfuzosin stone

expulsion therapy for distal ureteral calculi:

a double-blind, placebo controlled study. J Urol

2008;179:2244.

74. Itano N, Ferlic E, Nunez-Nateras R, et al. Medical

expulsive therapy in a tertiary care emergency

department. Urology 2012;79:1242.

75. Preminger GM, Tiselius HG, Assimos DG, et al. 2007

Guideline for the management of ureteral calculi. Eur

Urol 2007;52:1610.
76. Bader MJ, Eisner B, Porpiglia F, et al. Contemporary

management of ureteral stones. Eur Urol 2012;61:

764.

77. Lamb AD, Vowler SL, Johnston R, et al. Meta-anal-

ysis showing the beneficial effect of alpha-blockers

on ureteric stent discomfort. BJU Int 2011;108:1894.

78. Yakoubi R, Lemdani M, Monga M, et al. Is there

a role for alpha-blockers in ureteral stent related

symptoms? A systematic review and meta-analysis.

J Urol 2011;186:928.

79. Park SC, Jung SW, Lee JW, et al. The effects of tol-

terodine extended release and alfuzosin for the

treatment of double-j stent-related symptoms.

J Endourol 2009;23:1913.

80. Lim KT, Kim YT, Lee TY, et al. Effects of tamsulosin,

solifenacin, and combination therapy for the treat-

ment of ureteral stent related discomforts. Korean

J Urol 2011;52:485.

81. Norris RD, Sur RL, Springhart WP, et al.

A prospective, randomized, double-blinded

placebo-controlled comparison of extended release

oxybutynin versus phenazopyridine for the manage-

ment of postoperative ureteral stent discomfort.

Urology 2008;71:792.

82. Cha WH, Choi JD, Kim KH, et al. Comparison and

efficacy of low-dose and standard-dose tamsulosin

and alfuzosin in medical expulsive therapy for lower

ureteral calculi: prospective, randomized, compara-

tive study. Korean J Urol 2012;53:349.

83. Al-Ansari A, Al-Naimi A, Alobaidy A, et al. Efficacy of

tamsulosin in the management of lower ureteral

stones: a randomized double-blind placebo-

controlled study of 100 patients. Urology 2010;75:4.

84. Griwan MS, Singh SK, Paul H, et al. The efficacy of

tamsulosin in lower ureteral calculi. Urol Ann 2010;

2:63.

85. Vincendeau S, Bellissant E, Houlgatte A, et al. Tam-

sulosin hydrochloride vs placebo for management of

distal ureteral stones: a multicentric, randomized,

double-blind trial. Arch Intern Med 2010;170:2021.

86. Ahmed AF, Al-Sayed AY. Tamsulosin versus alfuzo-

sin in the treatment of patients with distal ureteral

stones: prospective, randomized, comparative

study. Korean J Urol 2010;51:193.

87. Agrawal M, Gupta M, Gupta A, et al. Prospective

randomized trial comparing efficacy of alfuzosin

and tamsulosin in management of lower ureteral

stones. Urology 2009;73:706.

88. Wang CJ, Huang SW, Chang CH. Efficacy of an

alpha1 blocker in expulsive therapy of lower ureteral

stones. J Endourol 2008;22:41.

89. Gurbuz MC, Polat H, Canat L, et al. Efficacy of three

different alpha 1-adrenergic blockers and hyoscine

N-butylbromide for distal ureteral stones. Int Braz J

Urol 2011;37:195.

90. Resorlu B, Bozkurt OF, Senocak C, et al. Effective-

ness of doxazosin in the management of lower



Eisner et al30
ureteral stones in male and female patients. Int Urol

Nephrol 2011;43:645.

91. Porpiglia F, Destefanis P, Fiori C, et al. Effectiveness

of nifedipine and deflazacort in the management of

distal ureter stones. Urology 2000;56:579.

92. Cooper JT, Stack GM, Cooper TP. Intensive medical

management of ureteral calculi. Urology 2000;56:575.

93. Dellabella M, Milanese G, Muzzonigro G.

Randomized trial of the efficacy of tamsulosin,
nifedipine and phloroglucinol in medical expul-

sive therapy for distal ureteral calculi. J Urol

2005;174:167.

94. Dellabella M, Milanese G, Muzzonigro G. Medical-

expulsive therapy for distal ureterolithiasis: random-

ized prospective study on role of corticosteroids

used in combination with tamsulosin-simplified treat-

ment regimen and health-related quality of life.

Urology 2005;66:712.


	Pharmacologic Treatment of Kidney Stone Disease
	Key Points
	Introduction
	Calcium stones
	Hypercalciuria and Thiazides
	Hyperoxaluria, Magnesium, Pyridoxine, and Oxalobacter
	Hypocitraturia, Alkali Citrate, and Fruit Juices
	Hyperuricosuria and Allopurinol

	Uric acid stones
	Struvite stones
	Cystine stones
	Medical expulsive therapy
	Pharmacologic therapy for ureteral stent symptoms
	References


