
34 VOL. 13 NO. 1  2011   REVIEWS IN UROLOGY

MANAGEMENT UPDATE

Demystifying the Medical
Management of Nephrolithiasis
Michael E. Lipkin, MD, Glenn M. Preminger, MD

Duke Comprehensive Kidney Stone Center, Durham, NC

Nephrolithiasis is a common problem associated with significant costs to 
the health care system. Its prevalence continues to increase, particularly in
women, which is attributed to changes in diet and lifestyle. The costs associ-
ated with the evaluation and management of nephrolithiasis in the United
States has been estimated to be $1.83 billion, and, without any intervention,
the risk of recurrence is high. This article reviews the management options
for nephrolithiasis including a new formulation of potassium citrate, 
Urocit®-K 15 mEq, that allows for dosing flexibility which can lead to 
improved compliance and tolerability.
[Rev Urol. 2011;13(1):34-38 doi: 10.3909/riu0522]
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The incidence of nephrolithiasis worldwide is approximately 1%. In the
United States, the prevalence has increased from 3.2% in the 1970s to 5.2%
in the 1990s.1 A recent study suggests that the prevalence of stone disease

continues to rise, particularly in women, thought to be due to changes in diet and
lifestyle.2 The costs associated with the evaluation and management of
nephrolithiasis in the United States has been estimated to be $1.83 billion.3 The
recurrence rates for stone disease are high. After an initial stone, there is a 30%
to 50% chance of forming a second stone within 5 years.

Given the high recurrence rate after a first time stone episode, an initial meta-
bolic evaluation to search for underlying causes of nephrolithiasis is warranted.
In patients presenting with a single stone episode, a risk assessment should be
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made to determine the extent of the
evaluation (Figure 1). There are a
number of factors associated with in-
creased risk of recurrent stone forma-
tion (Table 1). These include medical
conditions such as diabetes or a
family history of kidney stones. In
addition, certain medications, such as
topiramate and guaifenesin, can also
contribute to stone formation. Obesity
is also a major risk factor for
nephrolithiasis.4 Patients with any of
these risk factors should be consid-
ered at risk and should undergo a
standard metabolic evaluation (SME)
(Table 2). In addition, recurrent stone
formers should undergo a SME. For

first-time stone formers without risk
factors, a screening evaluation should
be performed that consists of a thor-
ough history, basic serum chemistries,

and a urinalysis. Any collected stones
should also be sent for analysis.

Stone formation results from super
saturation of urine with stone-forming
salts. There are also certain urinary
inhibitors that help to prevent salts
from crystallizing and forming

stones. One of the most potent and
important inhibitors of calcium ox-
alate and uric acid stone formation
is citrate. The SME consists of two 
24-hour urine collections that are
analyzed for urinary abnormalities
that contribute to stone formation,
such as elevated levels of stone-
forming salts or low levels of in-
hibitors of stone formation. An under-
lying physiologic or environmental
cause for nephrolithiasis can be deter-
mined in 97% of cases.

Regardless of the underlying meta-
bolic abnormality, certain dietary
modifications should be recom-
mended. Patients should be encour-
aged to increase their fluid intake to
greater than 3 L/day to maintain a

urine output of at least 2.5 L/day.5

Dietary sodium and oxalate intake
should be limited. Patients should
also be instructed to minimize
consumption of animal proteins. 
In general, calcium intake should not
be restricted even in those with

Initial Visit

First Stone Episode Recurrent
Stone

Episode
Without Risk At Risk

Screening
Evaluation 

Standard  Metabolic
Evaluation

Figure 1. Algorithm for diagnostic evaluation.

Table 1
Risk Factors for Stone

Development

• Family history of stones

• Bone/gastrointestinal disease

• Gout

• Chronic urinary tract infection

• Nephrocalcinosis

• Obesity

• Type II diabetes

• Large/complex stones

• Specific stone composition 
(uric acid or cystine)

Table 2
Identification of Metabolic Abnormalities Using 

Standard Metabolic Evaluation

Urinary Finding Implicated Dietary-Environmental Disturbances

Total volume (TV) � 2 L/day Low fluid intake, excessive sweating

Sodium (Na) � 200 mEq/day Salt abuse

Oxalate (Ox) � 45 mg/day Intake of oxalate-rich foods, very low calcium 
intake

Calcium (Ca) � 250 mg/day High intake of calcium in some cases

Uric acid (UA) � 600 mg/day High animal protein intake

Sulfate (SO4) � 30 mmol/day Excessive animal protein intake

Citrate � 500 mg/day High intake of animal protein and salt

Regardless of the underlying metabolic abnormality, certain dietary modifi-
cations should be recommended. Patients should be encouraged to increase
their fluid intake to greater than 3 L/day to maintain a urine output of at
least 2.5 L/day.
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hypercalcuria. The recommendation
for patients with hypercalcuria should
be a modest calcium intake, approxi-
mately 800 mg/day, or 2 to 3 servings
of dairy per day.

Hypercalcuria is defined as urine
calcium greater than 250 mg/day. The
most common cause of elevated urine
calcium is absorptive hypercalcuria.
In patients with an elevated serum
calcium and hypercalcuria, a work-up
for hyperparathyroidism should be
pursued. For patients with modestly
elevated urine calcium and elevated
urine sodium, a trial of sodium re-
striction may be offered as an initial
treatment. For patients with normal
urine sodium or markedly elevated
urine calcium, as well as those who
fail sodium restriction, pharmacologi-
cal management with a thiazide di-
uretic is the treatment of choice. The
most common agents used are inda-
pamide 1.25 to 2.5 mg/day or
chlorthalidone 25 to 50 mg/day.
When using these agents, potassium
supplementation should be provided
due to the concern for hypokalemia.
Potassium citrate (Urocit®-K 15,
Mission Pharmacal, San Antonio, TX)
is the preferred agent as it will also
increase urinary citrate. Typically, a
starting dose would be Urocit-K
15 mEq with breakfast and 30 mEq
with dinner. For patients with ele-
vated urinary pH (� 6.5), potassium
chloride may be substituted for potas-
sium citrate due to a concern of over-
alkalization.

Elevated urine uric acid levels can
cause hyperuricosuric calcium oxalate
nephrolithiasis. Hyperuricosuria is de-
fined as urinary uric acid levels
greater than 800 mg/day. Patients
should be counseled to limit animal
protein intake to 6 to 8 oz daily. If the
uric acid levels fail to correct with
conservative measures, allopurinol
300 mg/day can be prescribed.6

Potassium citrate is an alternative to
allopurinol.7 Urocit-K 15 mEq with

breakfast and dinner may be useful in
patients with modest hyperuricosuria,
particularly those with hypocitraturia.

Citrate is an important inhibitor of
stone formation. It inhibits calcium
salt crystallization and raises urinary
pH by acting as a buffer. Hypocitra-
turia, defined as urinary citrate less
than 500 mg/day, is a risk factor for
calcium nephrolithiasis. Potassium
citrate has been demonstrated to re-
duce the stone formation rates by
96% in patients with hypocitraturia.8

The response to potassium citrate has
also been shown to be durable.9 With
a median of 41 months follow-up,
urinary pH and citrate levels re-
mained significantly higher in pa-
tients treated with potassium citrate
when compared with pretreatment
values. Potassium citrate also signifi-
cantly decreased the stone formation
rate in this long-term clinical trial
(Figure 2). The dosage should be
titrated with a goal of a urinary cit-
rate level greater than 500 mg/day.
Urocit-K has recently been formulated
into a 15 mEq tablet, providing
greater dosing flexibility and the po-
tential to reduce the total number of
tablets required. A reasonable starting
dose for modest hypocitraturia would
be one Urocit-K 15 mEq with break-
fast and dinner. For patients with
more significant hypocitraturia, the
recommendation is for Urocit-K

15 mEq with breakfast and 30 mEq
with dinner.

Idiopathic uric acid nephrolithiasis
is commonly associated with gouty
diathesis, or low urinary pH. Alkaliza-
tion of the urine can not only prevent
future uric acid stones from forming,
but can potentially dissolve existing
stones. The goal of alkalization
should be a urinary pH between 6.0
and 6.5. This is best achieved with
potassium citrate. Urocit-K is usually
prescribed with a dose between 15 to
30 mEq with breakfast and dinner.
The dose can be titrated to obtain the
desired pH. In cases where patients
continue to form uric acid stones
despite adequate alkalization, or if
serum uric acid levels exceed
8 mg/dL, allopurinol 300 mg/day may
be added.

Potassium citrate has a role in the
treatment of cystine stones as well.
Patients with cystine stones should be
instructed to increase their fluid
intake to maintain a urine volume
greater than 4 L/day. In addition,
potassium citrate should be prescribed
to maintain urinary pH between 6.5
and 7.0. The usual dose would be
Urocit-K 15 to 30 mEq with breakfast
and dinner. Tiopronin (Thiola®,
Mission Pharmacal) should be initiated
when cystine concentration is greater
than 250 mg/L. Thiola is started at
200 mg twice per day. The dose is

Medical Management of Nephrolithiasis continued
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Figure 2. Stone formation rates pretreat-
ment and posttreatment with potassium 
citrate.9

RiU_Apr2011_p34-38.qxd  4/13/11  10:26 AM  Page 36



Medical Management of Nephrolithiasis

VOL. 13 NO. 1  2011    REVIEWS IN UROLOGY    37

N
ep

h
ro

li
th

ia
si

s

H
yp

o
ci

tr
at

u
ri

c
C

al
ci

u
m

 
N

ep
h

ro
li

th
ia

si
s

R
el

at
iv

e
H

yp
o

ci
tr

at
u

ri
a

– 
U

ri
n

ar
y 

ci
tr

at
e

   
32

0–
50

0 
m

g
/d

ay

H
yp

o
ci

tr
at

u
ri

a

– 
U

ri
n

ar
y 

ci
tr

at
e

   
< 

32
0 

m
g

/d
ay

H
yp

er
ca

lc
u

ri
a

N
ep

h
ro

li
th

ia
si

s

– 
U

ri
n

ar
y 

C
a 

   
> 

25
0 

m
g

/d
ay

– 
N

o
rm

al
 s

er
um

 C
a

– 
In

d
ap

am
id

e 
  
 1

.2
5
–2

.5
 m

g
/d

ay
 

(o
r 

C
h

lo
rt

h
al

id
o

n
e 

   
25

 m
g

/d
ay

)

– 
P

o
ta

ss
iu

m
 C

it
ra

te
 

4
5
 m

Eq
/d

ay
 

(1
5 

m
Eq

 w
it

h
 

   
b

re
ak

fa
st

 a
n

d
 

   
30

 m
Eq

 w
it

h
 

d
in

n
er

)

– 
So

d
iu

m
 r

es
tr

ic
ti

o
n

– 
En

su
re

 a
 m

in
im

u
m

 
am

o
u

n
t 

o
f 

C
a 

  
 i

n
ta

k
e

 
(8

00
 m

g
/d

ay
)

– 
U

ri
n

ar
y 

p
H

   
< 

5.
50

 o
n

 b
o

th
 

   
   

ra
n

d
o

m
 &

 
   

   
re

st
ri

ct
ed

 d
ie

ts

– 
U

ri
c 

ac
id

 a
n

d
/o

r
   

C
a 

st
o

n
es

 

– 
H

ig
h

 B
M

I (
in

 m
o

st
)

– 
Pe

rs
o

n
al

/f
am

ily
   

h
is

to
ry

 o
f 

g
o

ut
   

(i
n

 s
o

m
e)

– 
H

ig
h

 s
er

um
 u

ri
c 

   
ac

id
 &

 t
ri

g
ly

ce
ri

d
es

   
(i

n
 s

o
m

e)

– 
N

o
 h

is
to

ry
 o

f 
   

ch
ro

n
ic

 d
ia

rr
h

ea
l 

   
sy

n
d

ro
m

e 
(C

D
S)

– 
P

o
ta

ss
iu

m
 

C
it

ra
te

 1
5
–3

0
 

m
Eq

 B
ID

 
(t

o
 a

ch
ie

ve
 u

ri
n

e
 

p
H

 b
et

w
ee

n
 

6.
0–

6.
5)

– 
A

ll
o

p
u

ri
n

o
l

 
3
0
0
 m

g
/d

ay
, 

fo
r

 
fa

ilu
re

 t
o

 a
lk

al
in

iz
e

 
ur

in
e 

w
it

h
 P

o
ta

ss
iu

m
 

C
it

ra
te

, o
r 

re
cu

rr
en

t 
   

st
o

n
es

 d
es

p
it

e 
   

al
ka

lin
iz

at
io

n
; o

r 
if

 
   

se
ru

m
 u

ri
c 

ac
id

 
   

> 
8 

m
g

/d
L 

an
d

 g
o

ut

– 
H

ig
h

 fl
u

id
 i

n
ta

k
e:

 
 

m
ai

n
ta

in
 t

o
ta

l 
   

vo
lu

m
e 

> 
4.

0 
L/

d
ay

– 
P

o
ta

ss
iu

m
 C

it
ra

te
  
 1

5
 m

Eq
 B

ID
 

(t
o

 m
ai

n
ta

in
 u

ri
n

ar
y 

   
p

H
 b

et
w

ee
n

 6
.5

–7
.0

)

– 
If

 u
ri

n
ar

y 
cy

st
in

e
 

co
n

ce
n

tr
at

io
n

 is
 

> 
50

0 
m

g
/L

:
 

T
io

p
ro

n
in

 2
0
0
 m

g
 

B
ID

 a
n

d
 a

d
ju

st
 

d
o

se
 t

o
 k

ee
p

 
cy

st
in

e 
< 

20
0 

m
g

/L

– 
Po

si
ti

ve
 

   
q

ua
n

ti
ta

ti
ve

 t
es

t 
   

fo
r 

cy
st

in
e

– 
C

ys
ti

n
e 

o
n

 
   

st
o

n
e 

an
al

ys
is

– 
P

o
ta

ss
iu

m
 

C
it

ra
te

 
1
5
 m

Eq
 B

ID
 

(t
o

 a
ch

ie
ve

 
ur

in
ar

y 
ci

tr
at

e
 

> 
50

0 
m

g
)

– 
A

p
p

ly
 d

ie
ta

ry
 

m
o

d
ifi

ca
ti

o
n

 if
 

h
ig

h
 i

n
ta

ke
 o

f
 

an
im

al
 p

ro
te

in
,

 
d

ef
ic

ie
n

t 
in

ta
ke

 
o

f 
ci

tr
us

 o
r

 
so

d
iu

m
 a

b
us

e

– 
P

o
ta

ss
iu

m
 

C
it

ra
te

 1
5
–3

0
 

m
Eq

 B
ID

 
(t

o
 a

ch
ie

ve
 

   
ur

in
ar

y 
ci

tr
at

e 
   

> 
50

0 
m

g
)

– 
A

p
p

ly
 d

ie
ta

ry
 

m
o

d
ifi

ca
ti

o
n

 if
 

h
ig

h
 in

ta
ke

 o
f

 
an

im
al

 p
ro

te
in

,
 

d
ef

ic
ie

n
t 

in
ta

ke
 

o
f 

ci
tr

us
 o

r
 

so
d

iu
m

 a
b

us
e

C
ys

ti
n

e 
St

o
n

es
H

yp
er

u
ri

co
su

ri
c

C
al

ci
u

m
N

ep
h

ro
li

th
ia

si
s

– 
U

ri
n

ar
y 

ur
ic

 a
ci

d
 

>7
00

 m
g

/d
ay

– 
p

H
 >

 5
.5

0

– 
C

aO
x 

st
o

n
es

 
(r

ec
ur

re
n

t)

– 
H

x 
o

f 
h

ig
h

 d
ie

ta
ry

 
in

ta
ke

 o
f 

an
im

al
 

p
ro

te
in

– 
N

o
rm

o
ca

lc
em

ia

– 
N

o
rm

o
ca

lc
iu

ri
a

– 
A

ll
o

p
u

ri
n

o
l

 
3
0
0
 m

g
/d

ay
,

 
if

 u
ri

n
ar

y 
ur

ic
 a

ci
d

 
> 

80
0 

m
g

/d
ay

 a
n

d
 

fa
ils

 t
o

 c
o

rr
ec

t 
w

it
h

 
d

ie
ta

ry
 m

ea
su

re
s

– 
P

o
ta

ss
iu

m
 C

it
ra

te
 

1
5
 m

Eq
 B

ID

– 
Li

m
it

 a
n

im
al

 
p

ro
te

in
 t

o
 6

–8
 o

z.
 

d
ai

ly

Id
io

p
at

h
ic

 
U

ri
c 

A
ci

d
N

ep
h

ro
li

th
ia

si
s

(s
o

m
et

im
es

 c
al

le
d

g
o

u
ty

 d
ia

th
es

is
)

H
yp

er
ca

lc
em

ia

– 
Fu

rt
h

er
 w

o
rk

-u
p

 
fo

r 
p

ri
m

ar
y

 
h

yp
er

p
ar

at
h

y-
 

ro
id

is
m

– 
C

o
n

si
d

er
 

  
 s

ar
co

id
o

si
s

D
ue

 t
o

 d
is

ta
l r

e-
n

al
 t

ub
ul

ar
 a

ci
d

o
-

si
s 

(R
TA

),
 c

h
ro

n
ic

 
d

ia
rr

h
ea

l s
yn

-
d

ro
m

e 
(C

D
S)

, o
r 

K
-l

o
si

n
g

 d
iu

re
ti

c 
R

x 
o

r 
un

kn
o

w
n

 
ca

us
e

– 
A

n
ti

b
io

ti
cs

– 
St

o
n

e 
re

m
o

va
l

– 
T

re
at

 a
ss

o
ci

at
ed

 
  
 m

et
ab

o
li

c 
  
 a

b
n

o
rm

al
it

ie
s

– 
A

ce
to

h
yd

ro
x
am

ic
 

A
ci

d
 2

5
0
 m

g
 B

ID
 

(e
sp

ec
ia

lly
 if

 e
n

ti
re

   
st

ru
vi

te
 s

to
n

e
 

ca
n

n
o

t 
b

e 
re

m
o

ve
d

,
 

o
r 

w
it

h
 p

er
si

st
en

t
   

in
fe

ct
io

n
)

– 
U

ri
n

ar
y 

p
H

 >
 7

.5
0

– 
H

ig
h

 u
ri

n
ar

y 
   

am
m

o
n

iu
m

– 
Po

si
ti

ve
 u

ri
n

e 
   

cu
lt

ur
e 

w
it

h
 u

re
a

   
-s

p
lit

ti
n

g
 o

rg
an

is
m

– 
St

ru
vi

te
 o

r 
ca

rb
o

n
-

   
at

e 
ap

at
it

e 
st

o
n

es

In
fe

ct
io

n
 S

to
n

es

– 
P

o
ta

ss
iu

m
 

C
it

ra
te

 1
5
–3

0
 

m
Eq

 B
ID

 
(t

o
 a

ch
ie

ve
 

ur
in

ar
y 

ci
tr

at
e

 
> 

50
0 

m
g

)

– 
A

p
p

ly
 d

ie
ta

ry
 

m
o

d
ifi

ca
ti

o
n

 if
 

h
ig

h
 in

ta
ke

 o
f

 
an

im
al

 p
ro

te
in

,
 

d
ef

ic
ie

n
t 

in
ta

ke
 

o
f 

ci
tr

us
 o

r
 

so
d

iu
m

 a
b

us
e

C
o

n
d

it
io

n

D
ia

g
n

o
st

ic

T
re

at
m

en
t

Fi
gu

re
 3

.M
ed

ic
al

 m
an

ag
em

en
t 

of
 n

ep
hr

ol
it
hi

as
is

 f
ro

m
 t

he
 A

BC
’s

 o
f 

M
ed

ic
al

 M
an

ag
em

en
t 

of
 S

to
ne

s.
10

RiU_Apr2011_p34-38.qxd  4/13/11  10:26 AM  Page 37



adjusted to maintain urinary cystine
concentrations below 200 mg/L.

Infection stones, or struvite stones,
are associated with urease-splitting
bacteria. Patients often present with
recurrent urinary tract infections and
large stones. Patients with a stone
analysis revealing 100% struvite often
do not require a SME. If risk factors
are present, or if there is a component
of calcium nephrolithiasis on the
stone analysis, a SME should be con-
sidered. The treatment of infected
stones consists of complete stone re-
moval. Patients should also be placed
on prophylactic antibiotics. Acetohy-
droxamic acid (Lithostat®, Mission
Pharmacal) is a urease inhibitor that
is useful in patients in whom the
entire stone cannot be removed or
in patients with persistent infection.
It is prescribed at a dose of 250 mg
twice per day. Any associated meta-
bolic abnormalities found on a SME
should be treated appropriately.

Nephrolithiasis is a common prob-
lem associated with significant costs
to the health care system. The preva-
lence of nephrolithiasis continues to
increase. Without any interventions,
the risk of recurrence is high. Recur-
rent stone formers and first-time

stone formers with risk factors for
recurrence should undergo a SME.
An underlying etiology for stone
formation can be found in 97% of
patients. Once a metabolic abnormal-
ity is found, targeted medical therapy
can be initiated (Figure 3).10 The ma-
jority of medications used to prevent
stone recurrence are well tolerated
and highly effective. In particular,
potassium citrate can reduce stone
formation rates by up to 96% and has
durable long-term effects. A new for-
mulation of potassium citrate, Urocit-
K 15 mEq tablets, increases dosing
flexibility leading to improved com-
pliance and tolerability.

A simple step-by-step approach to the
diagnosis and prevention of
nephrolithiasis is available in the
ABC’s of Medical Management of
Stones10 and ABCs of Kidney Stones:
A Patient’s Guide to Help Prevent
Recurrent Kidney Stones11 at
stonedisease.org or a complimentary
copy may be obtained from Mission
Pharmacal.

Glenn M. Preminger, MD, serves as a
consultant for Mission Pharmacal.
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Main Points
• Due to the high recurrence rates after a first-time stone episode, an initial metabolic evaluation to search for the underlying causes

of nephrolithiasis is recommended. Risk factors include diabetes or a family history of kidney stones, use of medications such as
topiramate and guaifenesin, and obesity.

• Regardless of the metabolic abnormality, dietary modifications are recommended, as well as increased fluid intake. Patients should
limit their sodium and oxalate intake and minimize consumption of animal proteins. Calcium intake should not be restricted.

• Elevated urine uric acid levels can cause hyperuricosuric calcium oxalate nephrolithiasis. Patients should limit animal protein in-
take to 6 to 8 oz daily. If uric acid levels fail to correct with conservative measures, allopurinol 300 mg/day can be prescribed.
Potassium citrate is also an alternative to allopurinol.

• Targeted medical therapy can be initiated once a metabolic abnormality is found. Medications used to prevent stone recurrence
are well tolerated and highly effective. Potassium citrate can reduce stone formation rates by up to 96% and has durable long-
term effects. Urocit-K 15®, a new formulation of potassium citrate, increases dosing flexibility leading to improved compliance
and tolerability.
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