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Evaluation of the Kidney Stone Patient

John R. Asplin, MD

Summary: Kidney stones are one of the most common chronic disorders in industrialized
countries. In patients with kidney stones, the goal of medical therapy is to prevent the
formation of new kidney stones and to reduce growth of existing stones. The evaluation of
the patient with kidney stones should identify dietary, environmental, and genetic factors that
contribute to stone risk. Radiologic studies are required to identify the stone burden at the
time of the initial evaluation and to follow up the patient over time to monitor success of the
treatment program. For patients with a single stone an abbreviated laboratory evaluation to
identify systemic disorders usually is sufficient. For patients with multiple kidney stones
24-hour urine chemistries need to be measured to identify abnormalities that predispose to
kidney stones, which guides dietary and pharmacologic therapy to prevent future stone
events.
Semin Nephrol 28:99-110 © 2008 Elsevier Inc. All rights reserved.
Keywords: Nephrolithiasis, hypercalciuria, hyperoxaluria, hypocitraturia
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rolithiasis is one of the most common
disorders of the urinary tract. Approxi-
mately 12% of men and 6% of women in

he United States will have at least one kidney
tone during their lifetime.1 In fact, recent stud-
es have shown that the prevalence of kidney
tones in industrialized societies is increasing,
ikely because of dietary changes and the in-
reasing rate of obesity. Once an initial stone
as formed, more than 50% of patients will
orm additional stones over the next 10 years,
ith some patients forming multiple kidney

tones.2,3 The medical evaluation of the kidney
tone patient is focused on identifying abnor-
alities of urine composition that cause stone

ormation. Urine composition can be affected
y systemic disease, dietary habits, environmen-
al factors, and genetic traits. Once urine risk
actors have been identified, the clinician can
ormulate a selective therapeutic plan aimed at
hat patient’s specific metabolic problem. This
rticle reviews the evaluation of the kidney
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tone patient to prevent recurrent stone forma-
ion.

ISTORY

hen obtaining the medical history, it is help-
ul to quantify the number of stones and the
uration of stone disease. Knowing the rate of
tone formation (stones/year) will allow clini-
ians to gauge the success of their therapeutic
nterventions. In addition, the stone formation
ate will guide the aggressiveness of the medi-
al intervention; a patient who passes stones
onthly likely will require more aggressive

herapy than a patient who is forming stones
nce every few years.

The medical history also should identify
ther comorbid conditions such as urinary tract

nfection, bowel disease, and diseases that alter
alcium homeostasis, all of which can affect
tone risk. Urinary tract infection may be the
esult of stone disease, particularly from recur-
ent instrumentation of the urinary tract. How-
ver, recurrent infection also can be the cause
f stones. If a patient has a urinary tract infec-
ion with Proteus or Klebsiella species, which
ikely possess the enzyme urease, then struvite
magnesium ammonium phosphate) kidney
tones are likely.4 This is a common problem in

atients requiring chronic indwelling or inter-
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100 J.R. Asplin
ittent catheterization. Bowel disease is a com-
on contributor to kidney stone formation as
ell. Chronic diarrhea leads to loss of fluid and

lkali from the gastrointestinal (GI) tract, which
esults in low urine flow rates, hypocitraturia,
nd acidic urine; these factors enhance the risk
f both calcium oxalate (CaOx) and uric acid
tone formation.5 Patients with an ileostomy are
articularly prone to these problems. Patients
ho have extensive small-bowel disease or mul-

iple small-bowel resections, leading to fat mal-
bsorption, may develop hyperoxaluria and
aOx stones.6 Bariatric surgery also has been
hown to cause hyperoxaluria and nephrolithi-
sis7 (see the article by Lieske et al in this issue,
. 163). Any disorder than can cause hypercal-
iuria may lead to nephrolithiasis. Certainly,
rimary hyperparathyroidism is well known to
e a cause of kidney stone disease, accounting
or 2% to 5% of stone formers referred to kidney
tone centers.8,9 Other mineral disorders that
ause overproduction of calcitriol, such as sar-
oid and other granulomatous diseases, can
ead to hypercalciuria and stone formation.

nvironmental Factors

he major environmental factors to be identi-
ed as stone risk factors include heat exposure,
mployment, and exercise. Heat exposure is a
ell-recognized risk factor for stone disease.

pidemiologic data from the United States
how a greater incidence of nephrolithiasis in
he Southern states, which of course have the
ighest mean temperatures.10,11 The southeast-
rn United States has the highest stone forma-
ion rate, and often is referred to as the “stone
elt,” although it is likely that other factors such
s diet also play a role in stone risk because the
tone rates are higher than equally hot areas in
he southwest portion of the United States. The
mportance of environment is highlighted in a
ecent study of stone formation in US military
ersonnel deployed to the hot, arid climate of
outhwest Asia.12 The mean time to a symptom-
tic stone event, in 182 previously healthy sol-
iers who formed stones, was 93 days after
rrival to the new environment. Stones may
ecome symptomatic long after they formed. In
ddition to the patient’s current area of resi-

ence, past habitats should be considered in l
ssessing stone risk. A patient who had lived in
hot, dry environment may no longer have the

ame risk for recurrent stones after moving to a
ore temperate area.
A patient’s employment can influence stone

isk owing to effects on insensible water loss or
lterations in fluid intake. If the employment
nvironment is hot, then stone risk will be
igher. Borghi et al13 investigated the effect of
ork environment by determining the preva-

ence of nephrolithiasis for men employed in a
lass factory in Italy. They found that men
orking in the area of the glass furnace were

.5 times more likely to have stones than an
ge- and weight-matched group of men work-
ng for the same company in a climate-con-
rolled environment. Employment also can in-
uence stone risk by altering fluid intake. Some

obs limit the availability of water, but just as
ikely an occupation will limit the availability of
oilet facilities, leading patients to reduce liquid
ntake to keep urine volume low. Leisure time
ctivities also can play a significant role in stone
isk. Patients who engage in vigorous exercise
r any outdoor activity in the summer months
ay dehydrate themselves regularly, leading to
ighly concentrated urine.14

iet

patient’s diet will greatly influence their urine
hemistries and their risk of kidney stones. Al-
hough low-calcium diets once were common-
lace in the treatment of kidney stones and
igh calcium intake was thought to be a risk
actor, recent epidemiologic data have sug-
ested otherwise. In 3 large prospective cohort
rials, Curhan et al15-17 found that subjects with
he highest dietary calcium intake (�1,100
g/d) had the lowest rate of forming an inci-

ent kidney stone. The mechanism for the re-
uction of kidney stone risk by high calcium

ntake has not been determined definitively.
alcium intake can be assessed quickly by
uantifying intake of dairy products in the diet.
atients who are on a chronic low-calcium diet
ot only may increase their stone risk, but also
he risk of osteopenia. Alternatively, excessive
ietary calcium can increase kidney stone risk
y increasing intestinal calcium absorption,
eading to hypercalciuria. A calcium intake of
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Kidney stone patients 101
,000 to 1,200 mg/d seems a reasonable com-
romise in kidney stone patients.
Oxalate in the urine is derived from endoge-

ous production of oxalate and from absorp-
ion of oxalate from foodstuffs. Approximately
0% to 50% of urine oxalate is of dietary origin
n a normal diet.18 Because oxalate is an end-
roduct of human metabolism, the net oxalate
bsorbed from the intestine must be excreted
ia the kidney. Urine oxalate can increase sig-
ificantly as diet oxalate content increases. A
horough history of a patient’s intake of high-
xalate foods, both frequency and amount, may
rovide important insight into the cause of a
atient’s kidney stones. Food oxalate content is
vailable from numerous sources.19,20

An estimate of fluid intake should be ob-
ained from the patient as well as the types of
uids they consume. Epidemiologic studies
ave suggested that some beverages confer
reater protection against kidney stones than
thers.21,22 Regular ingestion of coffee, tea,
eer, and wine were associated with a lower

ncidence of forming an incident stone.
hether specific beverages are beneficial in

reventing recurrent stones is not known. Of
nterest, daily consumption of grapefruit juice

as associated with an increased risk of stone
ormation. Although the mechanism of this as-
ociation is not known,23 it is prudent to dis-
ourage regular consumption of grapefruit
uice in patients with kidney stones.

Excessive dietary intake of animal protein
nd sodium affects urinary stone risk factors.
he increased metabolic acid load from protein

owers urine pH, increasing risk of uric acid
tones, and also lowers urine citrate excretion,
ncreasing CaOx stone risk.24 Protein loads will
ncrease urine calcium excretion, a further risk
or CaOx stones.25-27 In addition, purine intake
ends to correlate with protein intake, so high-
rotein diets may lead to hyperuricosuria. A
easonable goal for protein intake is 1 to 1.2
rams of protein per kg body weight. The level
f sodium intake plays a significant role in de-
ermining urine calcium excretion, and patients
ith hypercalciuria may be more sensitive to

he calciuric effects of high sodium intake.28-30

iet sodium intake often is difficult to quantify

rom history. Patients who add salt to food after a
t is prepared invariably have excess sodium in
heir diet. Easily identified high-sodium foods
nclude canned foods, prepared meats, and fre-
uent consumption of restaurant meals. Urine
hemistries also can be helpful in assessing di-
tary habits of patients, particularly sodium and
rotein intake, and should be used in conjunc-
ion with the history to estimate the impact of
iet on stone disease.

amily History

lthough diet and environment clearly play a
ole in stone formation, there is a strong genetic
omponent as well. Stone formers are more
ikely to have first-degree relatives with kidney
tones than are non–stone-forming patients.31

ypercalciuria is familial because it is found in
0% of first-degree relatives of patients with
ypercalciuria.32 Although the inheritance pat-
ern has similarities to an autosomal-dominant
attern, it likely is inherited as a polygenic
rait.33 For other stone risk factors, such as
itrate and oxalate, inheritance patterns are less
lear. There are a number of uncommon mono-
enic disorders that include nephrolithiasis as
art of the phenotype. Primary hyperoxaluria is

nherited as an autosomal-recessive disorder
nd will show a horizontal inheritance pattern
ith siblings being affected but neither parent
ith disease (see the article by Bobrowski and

angman in this issue, p. 152). Cystinuria may
e inherited as a recessive disorder but it also
ay present as autosomal dominant with in-

omplete penetrance (see the article by Mattoo
nd Goldfarb in this issue, p. 181). It usually
resents within a generation but if it is the
utosomal-dominant form, parents or children
f a proband may have the stone phenotype.
istal renal tubular acidosis can be inherited as
ither autosomal dominant or recessive and in-
ludes nephrolithiasis as part of the pheno-
ype.34 Finally, a strong family history of kidney
tones and renal failure in males within a family
ree suggests Dent disease, a disorder character-
zed by hypercalciuria, low-molecular-weight
roteinuria, and renal disease, which is inher-

ted as an X-linked recessive trait in which the
omen in a family are asymptomatic carriers
nd the men have the disease.35
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102 J.R. Asplin
edications and Supplements

thorough survey of current and past medica-
ions, vitamins, and supplements taken by the
atient is critical to identify modifiable stone
isks. Medications and supplements can in-
rease stone risk by either altering urine chem-
stries to promote stones or by crystallizing in
he urinary tract (Table 1). Medications that
lter urine chemistries often affect renal tubular
unction. A prime example is carbonic anhy-
rase inhibitors, which cause abnormalities in
enal acidification and increase the risk of cal-
ium stones, particularly calcium phosphate
tones. Carbonic anhydrase inhibitors will
ower urine citrate, increase urine pH, and in-
rease urine calcium excretion.36 Topiramate,
hich is used to treat epilepsy and migraine
eadaches, has significant carbonic anhydrase
ctivity and has been linked to stone formation
n a number of studies.37,38 Vitamin C can be

etabolized to oxalate and therefore has been
uspected to be a risk factor for stone forma-
ion. However, there are conflicting reports as
o the extent of oxalate formation during vita-
in C therapy.39-41 In general, it is wise to limit

Table 1. Medications That Cause
Nephrolithiasis

Drugs That
Crystallize

Drugs That Cause
Metabolic Stones

Triamterene Calcium supplements
Protease inhibitors Vitamin D supplements

Indinavir
Atazinir
Nelfinavir

Antimicrobials
Sulfonamides
Quinolones

Guaifenesin
Ephedrine
Allopurinol

(oxypurinol)

Carbonic anhydrase
inhibitor

Acetazolamide
Topiramate

Laxatives
Probenecid
Ascorbic acid
Alkali

Antacids
Magnesium

trisillicate
Aluminum

hydroxide
scorbic acid intake to no more than 500 mg/d b
n kidney stone patients. Calcium supplements
ill increase urine calcium and one epidemio-

ogic study suggested that calcium supplements
ay increase stone risk.16 In addition, a recent

rial of vitamin D and calcium supplements to
educe bone loss and fractures in women
howed that the women randomized to calcium
upplements had higher rates of stone forma-
ion.42 It has been postulated that risk will not
e the same if calcium supplements are taken
ith meals to slow their absorption and to get

he benefit of reduced oxalate absorption, but
his theory has not been tested rigorously.

Some drugs have low solubility in urine and
ay form a pure stone composed only of the

rug or its metabolites, or the drug may be
ncorporated as a component of more routine
tones such as CaOx. Protease inhibitors used
or human immunodeficiency virus (HIV) have
een associated with stone formation.43,44 De-
ydration and volume depletion frequently
een in HIV patients as a result of chronic diar-
hea and fever enhance the risk for crystalliza-
ion of these drugs. However, Nadler et al45

ave shown that a significant number of stones
rom HIV patients on indinavir are not com-
osed of the drug and likely are related to other
etabolic causes.45 It is important to determine

he composition of stones in patients with HIV
o prevent an unnecessary change in antiretro-
iral therapy. Over-the-counter preparations
lso may lead to stone formation. Both guaifen-
sin and ephedrine have been found to crystal-
ize and cause kidney stones when taken chron-
cally in high doses.46,47 Finally, mention must be

ade of triamterene, a potassium-sparing diuretic
hat can crystallize in the urinary tract.48,49 It of-
en is used as a combination pill with hydro-
hlorothiazide (Dyazide, GlaxoSmithKline, Re-
earch Triangle Park, NC) and therefore it is
asy to overlook in a patient’s list of medica-
ions. It also is important to avoid prescribing
yazide as a treatment for hypercalciuria be-
ause of the risk of triamterene crystallization.
ther potassium-sparing drugs, such as amiloride,

re preferred if needed to control potassium
asting from diuretic therapy in a kidney stone
atient. A comprehensive review of drug-in-
uced nephrolithiasis was published recently

y Daudon and Jungers.50
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Kidney stone patients 103
ADIOLOGY

ost patients will have had a radiologic evalu-
tion when presenting with their first episode
f renal colic. A helical computerized tomogra-
hy (CT) scan of the abdomen and pelvis is
ow the standard radiologic study for a patient
uspected of having renal colic. The advantages
f CT are that it does not require radiocontrast,

t can identify stones smaller than often seen
ith an abdominal radiograph or ultrasound, all

tones are radio-opaque, and it allows diagnosis
f other causes of abdominal pain if stones are
ot present.51,52 CT has been shown to have a
igher sensitivity and specificity in detecting
enal stones than abdominal radiograph and ul-
rasound.53,54 CT scan is significantly better
han ultrasound in the detection of stones in the
reter. Reduced-dose CT scans have been
hown to be accurate in detecting nephrolithi-
sis, but with much lower radiation exposure
or the patient.54

If a patient who has passed a stone presents
or a medical evaluation without any radio-
raphs having been performed, then some form
f kidney imaging needs to be performed to
etermine the number of stones present in the
rinary tract because the distinction of single
ersus multiple stones will determine the ex-
ent of metabolic evaluation the patient re-
uires. CT is the gold standard for the detection
f stones, but cost and radiation exposure may
ake radiographs and ultrasound reasonable

lternatives in certain situations.55 Ninety per-
ent of stones will be radio-opaque on an ab-
ominal radiograph, although small stones may
e missed. Ultrasound can detect all types of
tones, shown as echogenic images with back
hadowing. An advantage of using ultrasound is
hat it does not expose the patient to radiation,
hich makes it the preferred test in pregnant
omen and may make it a useful study in pa-

ients who are expected to require frequent
maging.

In addition to differentiating single versus mul-
iple stone formers, the radiologic evaluation is
mportant in charting the success of therapeutic
nterventions to prevent new stones. Once di-
tary or pharmacologic therapy is initiated, the
oal of therapy is to prevent new stones from

orming and pre-existing stones from growing. m
erial radiographs are required to determine if
tones are growing, but, more importantly, any
ime a patient passes a stone it must be deter-
ined if the stone is new or if the patient is
assing a pre-existing stone. If the stone is old,
hen there may be no reason to alter medical
herapy. This knowledge also must be imparted
o the patient, lest they become discouraged
nd give up on what may be an effective treat-
ent regimen.

ABORATORY EVALUATION

n a patient with a single kidney stone, a limited
ork-up has been recommended by the last
ational Institutes of Health nephrolithiasis
onsensus conference.56 The evaluation should
nclude serum electrolyte levels to evaluate for
TA, creatinine level to assess renal function,
nd calcium level to screen for hyperparathy-
oidism. If a stone has been captured, crystallo-
raphic stone analysis should be performed.
ptical microscopy, infrared spectroscopy, or

adiograph crystallography all are acceptable
ethods for stone analysis. Although most

tones are CaOx, crystallographic stone analysis
llows identification of the less common stones
uch as cystine and struvite that require differ-
nt evaluation. Also, stone analysis is the only
ay to diagnose stones composed of drugs

Table 1) and the very uncommon stones
uch as 2,8-dihydroxyadenine stones. A uri-
alysis should be obtained to screen for possi-
le infection, and if pyuria or other findings

ndicative of infection are present then a urine
ulture should be performed. Urinalysis also
rovides an opportunity to evaluate crystalluria
Fig. 1). Although calcium crystals are more
umerous and larger in stone formers than in
ormal subjects, the identification of CaOx and
alcium phosphate crystals by itself has no di-
gnostic significance. Uric acid crystals also
ay be seen in normal subjects and stone form-

rs, and usually form in acidic urine. However,
he finding of cystine or struvite crystals is al-
ays abnormal and provides a diagnosis even in

he absence of a stone analysis. If a stone anal-
sis is not available, a qualitative screen for
ystinuria should be performed to rule out this
otentially devastating disease because treat-

ent needs to be initiated after the initial stone
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104 J.R. Asplin
nd not wait for a recurrence. Although the
eneral recommendation is a limited evaluation
or single stone formers, children should have a
horough evaluation after the initial stone event
ecause they have a higher likelihood of inborn
rrors of metabolism, such as primary hyperox-

igure 1. Light microscopy of urine crystals. (A) Hexa
rystals (200�); (C) pyramid-shaped calcium oxalate deh
onohydrate crystal (400�); (E) rectangular uric acid c
luria and cystinuria, as the cause of their s
tones. Some patients also require an evaluation
ased on their employment, such as airline pi-

ots. If the limited evaluation of the kidney
tone patient reveals no abnormalities, then the
atient should receive standard dietary and life-
tyle advice that would be beneficial for all

cystine crystals (200�); (B) coffin-lid–shaped struvite
e crystals (200�); (D) dumbbell-shaped calcium oxalate
(400�); and (F) rhomboidal uric acid crystals (400�).
gonal
ydrat
tone patients, such as high fluid intake to keep
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Kidney stone patients 105
rine volume greater than 2.5 L/d, as well as a
ow-sodium, moderate-protein diet.57,58 The
atient also should be instructed to maintain
ormal dietary calcium levels because many
atients will reduce calcium on their own.
A more extensive evaluation is needed for

atients with recurrent nephrolithiasis. Twenty-
our–hour urine chemistries should be mea-
ured to identify the abnormalities that contrib-
te to stone formation and to identify dietary
actors that may modulate excretion of litho-
enic substances. The chemistries that should
e included in a 24-hour urine analysis are listed

n Table 2. The measurements listed in the
eft-hand column provide the minimal work-up
eeded for a stone-forming patient, allowing
he clinician to assess the factors that relate
ost directly to stone risk. The measurements

n the right-hand column provide additional in-
ormation on stone risk itself, as well as the
ietary factors that influence urine stone risk.
lso, calculation of urine supersaturation (SS)
f the common stone-forming salts can be a
elpful guide in the treatment of patients.59 All
actors included in Table 2, except creatinine,
ould be included in the calculation of SS, the
ore chemistries included in the SS calculation,

he more accurate it will be.
One issue that has not been resolved is the

umber of 24-hour urine collections that should
e performed as part of the initial kidney stone
ork-up. Unlike serum tests, urine chemistries

an change significantly from day to day based on
hanges in environment, activities, and diet. A

Table 2. 24-Hour Urine Chemistries for
Evaluation of Nephrolithiasis

Minimal
Evaluation

Complete
Evaluation

Calcium Sodium
Oxalate Potassium
Citrate Chloride
Uric acid Urea nitrogen
Volume Phosphorous
pH Magnesium
Creatinine Ammonia

Sulfate
o

umber of investigators have suggested that
ultiple measurements are required to identify

bnormalities in urine chemistries, although
here is not universal agreement.60-62 Table 3
hows the results of a comparison of 2 consec-
tive pretreatment 24-hour urine collections
btained from a database of a clinical laboratory
pecializing in kidney stone disease. Table 3
hows the percentage of paired urine samples
hat have deviations of at least 25% or 50% in
ny of the major urine chemistries. The chance
hat any of these critical chemistries will vary
y 100% from one day to the next is 9%. I
elieve such variability is worth noting because
ithout having a sound knowledge of the pa-

ient’s baseline status it is impossible to judge
he effectiveness of any given therapeutic inter-
ention. It seems prudent to obtain 2 urine
pecimens when evaluating a patient, one dur-
ng a weekday and one during the weekend.
uch an evaluation will help uncover risk fac-
ors that may be unique to the work and/or
ome environment. Many patients will need to
e told specifically to perform the collection
uring a workday because most prefer to per-
orm collections during the weekend to avoid
he embarrassment of collecting urine at the
orkplace.
A brief description of the clinical utility of

ach of the common measurements in a kidney
tone evaluation is provided later. In consider-
ng urine chemistries it should be noted that all

Table 3. Variability of 24-Hour Urine
Chemistries

25% Variability
Between 2

Consecutive
24-Hour Urines

50% Variability
Between 2

Consecutive
24-Hour Urines

Volume 36% 15%
Calcium 20% 12%
Oxalate 20% 6%
Citrate 24% 10%
Uric acid 15% 3%
Any of the

above
67% 36%
f these tests are continuous variables with a
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106 J.R. Asplin
ide range of normal values.63 An increase in
tone risk can occur when values are still
ithin the 95% confidence interval for a normal
opulation. Strict cut-off values often are used

n research studies of nephrolithiasis but clini-
ians caring for a patient need to recognize that
ome urine chemistries require treatment, even
hough the results are in the normal range.

alcium

ost stones are composed of calcium and
ypercalciuria is the most common metabolic
bnormality found in calcium stone formers.
enerally, hypercalciuria is defined as a urine
alcium level greater than 300 mg/d in a man
r 250 mg/d in a woman on their usual diet,
ompared with a mean urine calcium of 150
o 170 mg/d in non–stone formers. Urine cal-
ium levels greater than the mean, although not
n the hypercalciuric range, may contribute to
tone disease and bringing high-normal values
o the low-normal level may be of benefit. Low
rine calcium levels can be found in stone form-
rs, and although not a direct risk for kidney
tones, hypocalciuria may indicate other pa-
hology. Bowel disease may lead to malabsorp-
ion of calcium and yet still be associated with
tones because of other abnormalities from
hronic diarrhea such as low urine volume, low
rine citrate, and low urine pH. Vitamin D de-
ciency also should be considered in any pa-
ient with low urine calcium levels.

xalate

yperoxaluria is found in 30% of kidney stone
atients. In the vast majority of patients the
yperoxaluria is of mild to moderate level and is
sually the result of dietary overindulgence of
xalate. It also may be related to other dietary

ssues such as a low-calcium diet, which allows
greater percentage of oxalate to be absorbed,
r because of a high intake of oxalate metabolic
recursors as might occur in some patients
ith a high protein intake. If very high levels of
rine oxalate (�90 mg/d) are found, the patient
hould be evaluated for enteric hyperoxaluria

r primary hyperoxaluria. W
itrate

ypocitraturia generally is defined as less than
25 mg/d, although there is considerable over-

ap between normal subjects and patients with
idney stones.64 Citrate reduces stone risk by
omplexing calcium in the urine, lowering the
ree calcium concentration.65 In addition, ci-
rate is a direct inhibitor of CaOx crystallization
ndependent of its ability to complex calcium.
ow urine citrate level may be caused by con-
umption of a high dietary acid load, metabolic
cidosis, secondary to hypokalemia or idio-
athic in origin.66 Because hypokalemia causes
ypocitraturia, it is particularly important to
onitor the serum potassium level in patients
hose hypercalciuria is being treated with thi-

zide.

ric Acid

yperuricosuria may contribute to both uric
cid and CaOx stone formation. It is present in
0% to 25% of stone formers. Hyperuricosuria
ay be caused by metabolic abnormalities that

ead to overproduction, but most often is
aused by excessive ingestion of purine in the
iet.67 Generally, purine in human diets comes
rom animal protein, and thus markers of pro-
ein intake also will guide the clinician as to the
xtent of purine intake. Hyperuricosuria pro-
otes stone formation by salting out CaOx

rom the urine.68 Lowering uric acid excretion
ith allopurinol has been shown to reduce
aOx stone formation in patients with hyperu-

icosuria.69 Increased excretion obviously can
ontribute to uric acid stone formation, al-
hough uric acid excretion rate is not as impor-
ant as urine pH or urine flow rate in determin-
ng the risk of uric acid stones. Some patients

ith severe metabolic derangements, such as
esch-Nyhan syndrome, will have uric acid ex-
retion rates so high that uric acid stones may
orm even with normal urine pH and urine
ow.

rine pH

lthough CaOx stones are independent of urine
H, both uric acid and calcium phosphate
tones are critically dependent on urine pH.
ith a pK of 5.4, uric acid becomes protonated
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t low urine pH; protonated uric acid is poorly
oluble, with a maximal solubility of approxi-
ately 100 mg/L in urine.70 As urine pH in-

reases above 6.0, uric acid risk decreases but
alcium phosphate stone risk increases as

2PO4 is converted to HPO4, increasing the SS
f calcium monohydrogen phosphate. A urine
H of 6.0 is the double-minimum point for uric
cid and calcium phosphate SS. Urine pH is
seful in monitoring the effect of alkali therapy.
f alkali is given to increase either urine pH or
itrate, the urine pH should be measured to
nsure an adequate response and prevent ex-
essive alkalinization. Uric acid stone formers
enerally need a urine pH in the range of 6.0 to
.5, higher urine pH does not lower uric acid
aturation significantly but will increase the risk
f calcium phosphate crystallization. Excessive
lkalinization should be avoided for patients
ith hypocitraturia and hypercalciuria being

reated with alkaline citrate because an increase
n urine pH may lead to calcium phosphate
tones.

Urine pH varies from 5 to 7.5 in normal
ubjects, so a single random urine pH is not a
seful clinical guide in the evaluation of stone
isease. The time averaging of 24-hour urine pH
rovides a much better indicator of stone risk
ecause uric acid stone formers will have urine
hat persistently is acidic and those with cal-
ium phosphate stones usually will have a per-
istently high urine pH.71

olume

rine volume is required in any timed urine
pecimen to allow calculation of excretion
ates, and flow rate shows if the patient is drink-
ng an adequate amount of fluid. Borghi et al57

howed that high fluid intakes reduce stone
ecurrence in a prospective, randomized trial.
heir work also provided a goal for urine vol-
me: 2.5 L/d significantly reduced stone recur-
ence. Patients should be instructed to increase
uid intake so that this goal is reached. A goal of
rine flow seems a more reasonable end point
ather than a fixed fluid intake because every
atient has different rates of extrarenal fluid

oss via the GI tract and skin, which will affect
heir rate of urine flow independent of fluid

ntake. Certainly, higher urine flow rates should i
rovide even greater therapeutic benefits, al-
hough few patients can keep urine volume
bove 3 L/d consistently.

lectrolytes

n patients without chronic diarrheal states, al-
ost all dietary sodium is absorbed from the GI

ract. To stay in balance, the absorbed sodium is
xcreted by the kidney, allowing the urine so-
ium excretion to act as an excellent marker of
iet sodium intake. Because dietary salt load

nfluences urine calcium excretion, and an es-
imate of diet sodium by patients is unreliable,
easurement of sodium excretion is a practical
ay to confirm that the patient is complying
ith their diet therapy. Low potassium intake
as been associated with an increased risk of
tones and can be estimated from the urine
otassium excretion. A diet rich in fruits and
egetables will increase the urine potassium
xcretion and seems to be associated with
ower stone risk. Urine potassium is particularly
seful in monitoring therapy with potassium
itrate. If the patient is taking their potassium
lkali, then urine potassium excretion should
ncrease by approximately the amount of potas-
ium that was prescribed. Changes in urine pH
nd urine citrate excretion during therapy may
e variable, but the change in urine potassium
ill confirm the patient is compliant with med-

cation.

rea Nitrogen/Sulfate

ietary protein intake may be assessed by urine
rea and sulfate excretion. Urea is an end-prod-
ct of amino acid metabolism and in the steady
tate protein intake can be estimated by the
rea excretion rate.72 Sulfate is the end-product
f metabolism of sulfur-containing amino acids
uch as methionine. As such, sulfate may be
onitored to estimate dietary intake of animal
rotein and provides insight into the acid load

rom a patient’s diet.

mmonium

mmonium levels change with the amount of
cid that the kidneys need to excrete to main-
ain acid-base equilibrium. As diet acid load

ncreases, ammonium will increase, roughly



m
t
u
s
o
w
a
t
t
a
i
h
n
u
t
t

M

H
u
a
c
l
m
d
b

P

U
o
m
s
t
n
w
w

C

T
a
c
v
i
b
t
s
a
a
s

S

A
b
s
t
c
a
I
S
i
w
m
K
C
o
F
u

C

T
r
a
m
e
s
t
l
r

A
T
a

R

108 J.R. Asplin
irroring the changes in urine sulfate excre-
ion. If ammonium greatly exceeds sulfate and
rine pH is less than 6.5 it suggests an acidotic
tate such as a chronic diarrhea. In the setting
f an alkali load, urine ammonium excretion
ill be suppressed as urine pH increases, the

mmonium excretion can be monitored to de-
ermine the effectiveness of alkali therapy in
itrating the dietary acid load. If urine pH is
bove 6.5 and urine ammonium excretion also
s high, it is a state incompatible with normal
uman physiology. This situation suggests uri-
ary tract infection with bacteria that possess
rease activity. If this finding occurs, the pa-
ient will need to be treated for infection and
he urine study will need to be repeated.

agnesium

ypomagnesuria has been suggested to contrib-
te to stone risk.73 Magnesium complexes ox-
late in the urine and lowers urine saturation of
alcium salts; diets low in magnesium may al-
ow overabsorption of dietary oxalate. If urine

agnesium is very low, it suggests magnesium
eficiency, often seen in patients with small-
owel disease and malabsorption.

hosphate

rine phosphate provides a rough estimate
f dietary phosphate intake because approxi-
ately 60% to 70% of dietary phosphate is ab-

orbed. Although excess urine phosphate con-
ributes to calcium phosphate stone risk, it is
ot as important a risk factor as urine pH,
hich determines how much of the phosphate
ill be in the form of HPO4.

reatinine

he creatinine excretion should be measured in
ll 24-hour urine specimens to ensure that the
ollection has been performed properly. Urine
olume is not an adequate marker to determine
f a urine collection was performed properly
ecause urine flow may be as low as 500 mL/d
o more than 3 L/d. Urine creatinine levels
hould be 18 to 25 mg/kg body weight in men
nd 15 to 22 mg/kg body weight in women,
lthough it can vary with muscle mass and obe-

ity.
upersaturations

ll the earlier-described urine chemistries can
e used to calculate urine SS using a program
uch as EQUIL2.59 SS is the ratio of the concen-
ration of a salt in solution to the salt’s solubility
oncentration, a value greater than 1 indicates SS,
value less than 1 is an undersaturated solution.

n the absence of a crystallographic stone analysis,
S values can predict the type of stone the patient
s most likely to form because SS values correlate

ith known stone types. SS is also a useful way to
onitor therapy. At the University of Chicago
idney Stone Clinic we have found that reducing
aOx SS by 50% from baseline led to a reduction
f stone rates to 21% of the pretreatment rate.74

or uric acid stones, the goal is to keep the urine
ndersaturated.

ONCLUSIONS

he evaluation of the kidney stone patient
equires a careful history to determine dietary
nd environmental risk factors that can be
odified as well as a thorough laboratory

valuation for patients with recurrent kidney
tones to identify abnormalities that can be
reated by dietary, lifestyle, and pharmaco-
ogic interventions. Medical intervention can
educe stone recurrence by up to 80%.
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