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Summary: Renal stone disease has been regarded as an uncommon problem in children compared
to adults. However, increased awareness of this problem in children may lead to early intervention
preventing long-term consequences on the kidney and the urinary tract. This article reviews the
epidemiology, pathogenesis, and the most common etiologies of renal stones in children. The clin-
ical features and diagnostic and therapeutic modalities for the specific etiologies are also outlined.
Using these guidelines may be helpful not only in the treatment but also in the prevention of renal
stones. Clin Pediatr. 1998;37:583-600

Introduction

Re enal stone disease (nephr-
olithiasis, urolithiasis )
has generally been re-

garded as a problem mainly of
adults, where it has been esti-
mated that 3-12% will have a

stone in their lifetime.1'2 However,
through the years, there has been
heightened awareness of this
problem in children, especially in
certain geographic areas where
the prevalence rate is high.3'4 This
is particularly important since
knowledge of risk factors and
early diagnosis may lead to early
intervention preventing stone
formation and/or recurrence.

Epidemiology

The incidence of urolithiasis
varies according to geographic ar-

eas. Several epidemiologic studies
have been done in adults and chil-
dren that show these variations.3,'5
Among developed countries such
as those in North America and
Europe, the reported incidence
rate of urolithiasis in children
ranges from 0.13 to 0.94 case per

1,000 hospital admissions.'6 In
the United States, the incidence
varies anywhere between 1 per

1,000 to 1 per 7,600 hospital ad-
missions, depending on the re-

gion.3-4'17 In children, the risk is
greatest in southern California'8
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and in the southeastern states,'8
which is actually also considered
the "stone belt" in the United
States in adults.'9

The etiology also varies ac-

cording to geographic areas. Blad-
der stones have been noted to be
endemic in developing countries
such as those in Southeast Asia,
which includes Thailand,'4 In-
donesia,7 and India.'5 The high
prevalence of these stones is at-

tributed to the predominantly ce-

real-based and low-protein diet. In
contrast, in developed countries
in Europe and North America, up-

per tract or kidney stones pre-

dominate.5 It has been observed
that as industrialization progresses

in a geographic area, there tends
to be a shift from lower tract to up-

per tract stones.5 In the United
Kingdom and in certain European
countries, approximately 30-90%
have infection stones,18,20 whereas
in the United States and Scandi-
navia, metabolic disorders are the
most common cause of kidney
stones.19
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In contrast to the marked
male predominance of urolithia-
sis in adults, there is equal8"13 to a

slightly higher male preponder-
ance in children.3"10,17'21 In several
series3,4,8-10,17 of children with
urolithiasis, 6-11% are blacks and
72-91% are whites. Recurrence
rates reported range from 6.5% to

54% with mean interval to recur-

rence of 3-6 years.8,10"17,22

Mechanism of
Stone Formation

Stone formation is a relatively
complex process involving the in-
terplay of three main factors, (1)
the concentration of the precipi-
tating substances and their urine
solubilities, (2) promoters, and
(3) inhibitors of crystallization
and aggregation.23

The concentration of stone-
forming ions in the urine is cru-

cial in stone formation. When the
concentrations of these ions are

excessively high, there is a ten-
dency for their activity product,
the product of these free ion con-

centrations, to increase also.
When this product exceeds its
urine solubility, there exists a state
of supersaturation, and this is the
actual driving force for stone for-
mation.16 However, other condi-
tions affect this process, which
will determine whether this state
of supersaturation would further
progress into what is termed as a

metastable state. For instance,
urine pH influences the solubility
of certain ions. Increasing the
urine pH increases the solubility
of uric acid, whereas a very high
pH decreases calcium phosphate
solubility. The pH also affects the
availability of inhibitors of crystal
formation, thereby influencing
the state of saturation of certain
stone-forming ions.24

Inhibitors of crystallization act
by binding certain lithogenic ions,
thereby decreasing their concen-

tration in the urine. The com-

plexes formed by this process are

more soluble. Therefore, the free
ion activity and the saturation for
the specific crystal are reduced.
Citrate and pyrophosphate are the
most commonly known inhibitors
and these act by binding to calcium.
Magnesium and sodium bind ox-

alate. Nephrocalcinin inhibits cal-
cium oxalate crystallization by ad-
sorbing to crystal surfaces.25 Other
inhibitors include glycosaminogly-
cans, uropontin, and Tamm-Hors-
fall mucoprotein.16

Clinical Features

The most common clinical
manifestation of urolithiasis is pain,
occurring in 40-75% of chil-
dren.11'13"1620'21 The pain varies
from nonspecific to vague, dull or

sharp abdominal or flank pain,
which may be either localized or ra-

diating. The classic renal colic expe-
rienced by most adults, described
as intermittent, excruciating flank
pain usually radiating to the groin,
is quite uncommon in children.

Other clinical features include
microscopic or gross hematuria,
occurring in 30-90% of chil-
dren."1'3"6"820'2' Symptoms such
as urgency, dysuria, frequency,
and fever as well as pyuria with or

without bacteriuria or docu-
mented urinary tract infection
(UTI) are noted in approximately
20-50% of patients.""16"18 Milliner
and Murphy noted that the
younger the patient, the more

likely that UTI symptoms as well
as incidental findings on x-ray

film lead to the diagnosis of renal
stones, whereas in older children,
pain is the most frequent initial
symptom13 (Figure 1). Obstruc-
tive symptoms such as urinary re-

tention9 or, rarely, anuria26 may

also occur, especially in bladder
or urethral stones. Other symp-

toms reported include nausea

and vomiting as well as failure to
thrive, 4"1"6 which is especially evi-
dent in patients with concomitant
metabolic disease or in renal
tubular acidosis.27

Diagnosis

The evaluation of a patient
with suspected urolithiasis should
start with a complete history to
elicit similar signs and symptoms

such as those discussed above as

well as significant risk factors for
stone formation (Table 1). One
should inquire about the child's
food preferences and medications
such as diuretics, corticosteroids,
or vitamin D analogues as well as

other vitamin supplements. For
instance, a diet consisting of large
amounts of chocolate, nuts, straw-
berries, or intake of greater than
0.5-4 g ofvitamin C16,28,29 may pre-

dispose a patient to calcium ox-

alate stones. Other unusual di-
etary patterns such as ketogenic
diets in patients with intractable
seizures have been shown to be as-

sociated with both urate and cal-
cium stone formation.30 Recent
immobilization, previous urologic
procedures, surgery or trauma,
and other clinical disorders such
as renal tubular acidosis or malig-
nancy, especially with chemother-
apy, are all pertinent risk factors
for stone formation.'6 A history of
recurrent or persistent urinary
tract infections, especially if the
cultures are positive for Proteus sp.

or other urease-splitting bacteria,
and recurrent or persistent unex-

plained hematuria are red flags
that deserve further evaluation.
Family history is positive for stone
disease in 20-50% of children
with urolithiasis.3"10,20
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Figure 1. Age and sex distribution
of 221 patients with urolithiasis who
were examined at the Mayo Clinic
between 1965 and 1987. (From
Milliner DS, Murphy ME. Urolithia-
sis in pediatric patients. Mayo Clin
Proc. 1993;68:242.)

The physical examination is
essential in determining whether
the patient has other signs of con-

comitant congenital abnormali-
ties, anatomic abnormalities, sys-

temic disorders, or chronic renal

insufficiency. The blood pressure,

height, and weight should be in-
cluded. Findings consistent with
stone disease such as abdominal
or flank tenderness should be
elicited.

Urinalysis as an initial diagnos-
tic tool provides valuable informa-
tion. This should include the pH
and a microscopic examination.
Proteinuria may mean underlying
renal pathology or renal insuffi-
ciency as a result of stone disease
or the clinical disorder associated
with it. The presence of pyuria
and or bacteriuria may indicate
an intercurrent infection that
should be treated appropriately.
The presence and appearance of
crystals provide clues to the type
of stone (Figure 2), although only
the finding of cystine crystals is
pathognomonic.31

The plain abdominal film
and/or ultrasound are very useful
in detecting renal stones. Dia-
ment and Malekzadeh32 have
shown that the ultrasound was

more sensitive than the kidney,
ureter, bladder radiograph in vi-
sualizing renal stones but that the
latter was better with respect to

ureteral stones. These noninva-
sive imaging studies have gained
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Figure 2. Urinary crystals commonly seen in nephrolithiasis.
Calcium oxalate dihydrate crystals are shown in Panel A.
Dumbbell-shaped calcium oxalate monohydrate crystals,
which are the size of erythrocytes, are shown to the left of the
pyramidal dihydrate crystals in Panel B. Elongate, lath-
shaped brushite crystals can be seen in Panel C; rhomboidal
uric acid crystals, in Panel D; uric acid microcystallites, in
Panel E; coffin-lid-shaped struvite crystals, in Panel F; and
cystine crystals, in Panel G. (From Coe FL, Parks JH, Asplin
JR. The pathogenesis and treatment of kidney stones. N Engl
J Med. 1992;327:1142.)
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wide acceptance as initial tests al-
though intravenous pyelography
has been considered the gold
standard.16 Studies such as the
voiding cystogram should be
done in patients with concomi-
tant urinary tract infection once

the infection has cleared. Com-
puted tomography (CT) scan or

magnetic resonance imaging
(MRI) may be done for further
evaluation as needed. Radi-
ographically, calcium stones are

discrete opaque densities, where-
as uric acid stones are radiolu-
cent. Struvite stones are lami-
nated and cystine stones are

radiopaque, more rounded, and
homogeneous. 16,33

Recovery of the stone itself ei-
ther by spontaneous passage or af-
ter surgical intervention is of ut-

most importance. Grossly, calcium
stones appear as black, gray, or

white; uric acid stones are usually
reddish-orange but may also be
white. Cystine stones appear

flecked and are usually greenish
yellow.16'33 These stones can be
sent to special laboratories for
chemical analysis. Therefore, fur-
ther evaluation can be directed
based on the type of stone identi-
fied (Table 2).

Other studies include spot
urine for solute-to-creatinine ra-

tios appropriate for the specific
etiology suspected (Table 3).
These are obtained by sending a

fresh urine specimen, preferably
a morning sample, to determine
the amount of the specific solute
desired as well as the creatinine
and dividing the former by the lat-
ter (usually expressed in mg/mg
or mmol/mmol). These ratios are

very useful not only for screening
but also for follow-up since ob-
taining a timed urine specimen

from small children is often diffi-
cult. However, timed urine collec-
tions (12-24 hours) for volume
and specific solute (calcium,

phosphorus, magnesium, uric
acid, protein, sodium, creatinine,
cystine, oxalate, citrate) excretion
often need to be obtained to de-
termine more accurate levels in
order to confirm the defect as

well as to assess other possible risk
factors for other calculi (Table 2).
Needless to say, proper collection
such as the use of containers with
the appropriate preservatives or

chemicals as well as ensuring that
the true 24-hour volume is ob-
tained affect the accuracy of these
levels. A urine creatinine excre-

tion close to 15-20 mg per kilo-
gram per day is reflective of a

complete collection.'6 It is also
important that these urine studies

be done after the treatment of a

concomitant urinary tract infec-
tion since this can affect accuracy

of the solute levels as well. For in-
stance, citrate levels have been
shown to be falsely low in patients
with concomitant UTI.13

Serum electrolytes, blood
urea nitrogen, creatinine, cal-
cium, phosphorus, magnesium,
and uric acid should also be oW

tained to detect other metabolic
or tubular defects as well as to

evaluate renal function. It is also
necessary to determine the im-
munoreactive parathyroid hor-
mone concentration if the serum

and urine calcium concentrations
are abnormal to diagnose hyper-
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parathyroidism, which is treat-
able.'6 It is also recommended
that all children with suspected
urolithiasis be screened for cystin-
uria by means of the cyanide ni-
troprusside test.8,16,34 This test has
been proven to be a reliable
screening qualitative test for cys-

tine,34 and it is inexpensive and
simple to do. However, its reliabil-
ity for detecting heterozygotes has

been questioned.34'35 Therefore,
if there is a very high index of sus-

picion for cystinuria; i.e., recur-

rent urolithiasis with onset from
early childhood with a positive
family history for cystinuria or

urolithiasis as well as cystine crys-

talluria, the 24-hour urine collec-
tion to determine cystine quanti-
tatively is preferred since it is
more reliable.

Medical Management

Initial medical management
(Table 4) is directed at relieving
pain, which may require nar-

cotics, and treatment of intercur-
rent infection. Promoting passage

of the stone if possible by ade-
quate hydration with approxi-
mately 1.5 to 2 times maintenance
requirements to increase urine
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output by two to three times is
also needed, provided the patient
does not have renal insufficiency
or any form of urinary tract ob-
struction.16 Stones ranging from 2
to 6 millimeters have been passed
spontaneoUSly.4,833

Subsequent measures are

taken to prevent further stone for-
mation by maintaining adequate
fluid intake with the goal of at

least the calculated maintenance
requirements equal to at least
1,400 mL/1.73 m2/day of urine
output.'6 This is the mainstay of
therapy in all types of urolithiasis.
With a low urine volume, the con-

centration of all stone-forming
ions increases, predisposing to

stone formation.
Dietary modifications should

be done to eliminate dietary ex-

cesses or correct dietary defi-
ciencies. These include decreas-
ing sodium intake, especially in
patients with hypercalciuria. It has
been suggested that patients with
calcium stones are more sensitive
than the general population to

the calciuric effect of sodium.36
The hypercalciuric effect of a high

sodium diet is attributed to an in-
hibition ofsodium and calcium re-

absorption in the proximal tubule
and along the loop of Henle.37

A low oxalate diet is also recom-
mended, especially in calcium ox-

alate stone formers and in patients
with enteric hyperoxaluria. Pro-
tein intake should also be moderate
because a high intake enhances uri-
nary excretion of calcium,38,39 uric
acid,38 and oxalate and causes a de-
crease in urine pH and urinary cit-
rate excretion.38,40,4' A low calcium
(and low oxalate) diet has been
shown to be helpful only in adults
with dietary dependent absorptive
hypercalciuria.42 This type accounts
for only 3.9-17.2% of adults with
idiopathic hypercalciuria.43 Fur-
thermore, whereas most of the
adults are reported to have absorp-
tive hypercalciuria, the majority of
children have the renal type.44
Generally, a normal to high calcium
diet is recommended.28,38,40,414548

Potassium administration has
been shown to decrease urine cal-
cium excretion in healthy adults
as well as in those with urinary
stone disease.49-51 The mechanism

for such an effect has been postu-
lated to be secondary to changes
in extracellular fluid volume,
potassium-mediated changes in
renal tubular phosphate trans-

port, and renal synthesis of 1,25
(OH)2 vitamin D.49 Potassium ad-
ministration as well as a high
potassium diet has also been
shown to be beneficial in hyper-
calciuric children,52 where a de-
crease in their urine sodium-to-
potassium ratio and, consequently,
a decrease in their urine calcium-
to-creatinine ratio was noted.
There was also marked improve-
ment in their symptoms.

Normal levels of known in-
hibitors of crystallization such as

phosphate, citrate, magnesium,
etc. should be maintained be-
cause of their roles, as previously
discussed. This may be accom-

plished by replacement therapy
or supplementation following de-
termination of their urine levels.

In addition to these conserva-

tive measures, specific medica-
tions (Table 5) may be added to

the therapeutic regimen as will be
discussed later.
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Nonmedical Management

Surgery is recommended

when there is evidence of persis-
tent obstruction anywhere in the
urinary tract increasing the risk
for renal damage. Persistent UTI
associated with the continued
presence of the stones as well as

intractable pain are also indica-
tions for surgery.8'10

Surgical lithotomy has tradi-
tionally been the most common

form of nonmedical intervention.
This is usually done when the
stone disease is associated with a

congenital anomaly in the urinary
tract, which can be corrected si-
multaneously, minimizing the risks
of repeated general anesthesia.

Percutaneous nephrolitho-
tomy (PNL) subsequently gained
wide acceptance in adults because

patients need not be subjected to
general anesthesia. However, this
advantage was not evident in chil-
dren. Furthermore, the size of the
instruments was not appropriate
for the body size of the pediatric
age group. More recently, smaller
instruments have been devel-
oped, enabling the application of
this procedure to children. PNL is
done when the stone is not
amenable to either extracorpo-
real shock wave lithotripsy or

ureteroscopy, or when there is a

large stone burden; i.e., large
sized or multiple stones.53

Ureteroscopy or cystoscopy
with stone extraction had a simi-
lar disadvantage initially, i.e., in-
appropriate instrument size.

Through the years, this proce-

dure has been applied to children
with good success rates without

residual reflux, strictures, trauma,
or renal damage.54 However,
these procedures are indicated
depending on stone size and loca-
tion; i.e., they are usually recom-

mended mainly for stones in the
lower third of the ureter.

Nephrectomy may be re-

quired on rare occasions, espe-

cially when permanent renal dam-
age has occurred from persistent
infection or obstruction causing
unremitting infection or uncon-

trolled hypertension.
The evolution of extracorpo-

real shock wave lithotripsy
(ESWL) is a major breakthrough
in the treatment of urolithiasis.
ESWL53,55 uses an underwater
electrical discharger producing
high-energy shock waves that orig-
inate at a single focus (FI) of an

ellipsoidal reflector. These shock
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waves expand radially and are redi-
rected by the reflector, subse-
quently causing convergence at a

second focus (F2). It is in this focus
where the stone is placed by
proper positioning of the patient
in the water bath. The delivery of
the shock wave is synchronized
with the patient's heart rate as

monitored by an electrocardio-
gram in order to avoid cardiac ar-

rhythmias. The shock wave gener-

ated passes through the water then
into human tissue, subsequently
reaching the stone at F2.53 There-
after, the stone gradually disinte-
grates owing to the high energy re-

leased from the different acoustic
impedance between the stone and
water contained by human tissue,
urine, etc. The goal is to break the
stone into small enough fragments
to pass spontaneously. The pa-

tient's position, body size, and co-

operation are essential for the suc-

cess of the procedure. Therefore, it
is not surprising why this has had
limited use in small children ini-
tially. With the recent development
of new-generation lithotripters, as

well as various modifications in
techniques, some of these prob-
lems have been overcome such
that more centers are now using
ESWL in children and have success

rates ranging from 79% to
98.5%.21,5"2 Results are noted to

be better if the stone is in the renal
pelvis and composed ofcalcium ox-

alate or uric acid, which are noted
to disintegrate well.53 Cystine
stones respond poorly to ESWL.
Percutaneous lithotripsy is pre-

ferred for these stones.53 This in-
volves using an electrohydraulic or

ultrasonic lithotripter introduced
into the body through a nephro-
scope via a percutaneous ap-

proach. This procedure as well as

pulsed dye laser for lithotripsy are

newer modalities currently being
employed for the management of
urolithiasis especially in adults.

Complications of ESWL in-
clude bruising, fever, perirenal
hematomas, pain when the frag-
ments are passed, and a condition
called steinstrasse (literally mean-
ing stone street), which is the ac-

cumulation of the retained stone

fragments in the ureter.56 Long-
term studies by Nijman56 showed
a recurrence rate of approxi-
mately 10% after 2 years. How-
ever, this high rate of recurrence

was attributed to the complex uro-

logic conditions of their patients.60
Others report a 0% recurrence

rate10 after a mean follow-up of 22
months. Surgical intervention af-
ter ESWL has been reported to oc-

cur in less than 9% of patients.16
Long-term results of renal func-
tion and growth after ESWL have
not been fully determined.

Extracorporeal shock wave

lithotripsy is not suitable for
neonates and generally children
less than 3 years of age although
there have been some few success-

ful cases.21,55-58, 61-67 It is also not

recommended for patients with
marked bony deformities, those
who had stone removal at the
time of corrective surgery for a

congenital urinary tract abnor-
mality,8 or any form of obstruction
that might prevent the passage of
the stone.63 ESWL is also not indi-
cated for treatment of lower
ureteral stones where uretero-

scopy basket extraction or ultra-
sonic lithotripsy is preferred.53
ESWL is also not advisable for
women of childbearing age if the
stone is located in the true pelvis
since the gonads may be at risk for
damage by the shock waves.63

Etiology

Metabolic Stones
Calcium Stones and Hypercal-

ciuria. Hypercalciuria is the most
common metabolic etiology at-

tributed to urolithiasis in both
children and adults. It is defined
as a urinary calcium excretion
more than 4 mg/kg/day or a ran-

dom urine calcium-to-creatinine
ratio of greater than or equal to

0.21. There are several causes of
hypercalciuria, the most common

of which is idiopathic hypercalci-
uria (IH).

IH has originally been classi-
fied into either absorptive (AH)
or renal (RH) hypercalciuria. ex-

cretion. Recent studies3368 suggest
that AH and RH may actually con-

stitute a spectrum of the disorder
rather than exist as separate types.

IH is more common in whites
and affects both sexes but with
slightly more male preponder-
ance in children.69 Family history
is positive for urolithiasis in 52%
of children with IH,70 and an au-

tosomal dominant pattern has
been suggested.71,72

The most common clinical
feature of hypercalciuria is gross

or microscopic hematuria, which
may occur with or without uro-

lithiasis.707374 Back or flank pain
is also a frequent symptom as well
as dysuria, frequency, and enure-

sis.75,76 A random morning urine
sample should be sent for urine
calcium-to-creatinine ratio, and if

it is greater than or equal to 0.21,
a timed urine collection for cal-
cium should be done. Within 3-5
years of the onset of the hema-
turia, without therapy, the risk for
urolithiasis is estimated to be
15-18%.18

Hydrochlorothiazide at an ini-
tial dose of 1-2 mg/kg/day is
given, especially if the urine cal-
cium levels are markedly or per-

sistently high despite good com-

pliance with the conservative
measures previously discussed.
This drug acts by promoting cal-
cium reabsorption in the distal re-

nal tubule77 and decreasing in-
testinal calcium absorption.78
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Previously, it has been recom-

mended that calcium should be
limited in the diet of patients with
IH. However, many studies33,48
demonstrate increased risk for
stones in patients with calcium-re-
stricted diets as well as negative
calcium balance and bone loss,79
which occurs by the stimulation of
vitamin D3 secretion, causing in-
creased intestinal absorption of
calcium and increased bone re-

sorption of calcium80 and thus in-
creasing serum calcium and sub-
sequently calcium excretion.
Several studies81-83 indicate the in-
creased frequency of bone loss in
adults with stones and IH as

demonstrated by bone mineral
density studies. The increased risk
for stone formation of a low-cal-
cium diet is attributed to in-
creased oxalate absorption as a

result of the low intraluminal cal-
cium, and this is thought to be
more important in stone forma-
tion than a decrease in calcium in-
take.47 Normally, free intralumi-
nal calcium and oxalate bind and
form a complex that is excreted in
the gastrointestinal tract. Thus, if
there is a decrease in calcium in
the gut, there is more oxalate ca-

pable of being absorbed and sub-
sequently excreted in the urine. A
study in adults by Galosy et a184
did not demonstrate any changes
in oxalate excretion with calcium
restriction to 400 mg/day. Reusz
et al demonstrated significantly
greater oxalate excretion in chil-
dren with absorptive hypercalci-
uria on calcium-restricted diets.85
In a prospective study by Curhan
et a148 on more than 45,000 adult
males, a high dietary calcium in-
take decreased the risk of urolithi-
asis. Based on these findings, cal-
cium restriction is no longer
recommended.

A low-sodium diet ofapproxim-
ately 2-3 meq/kg is mandatory to
avoid the hypercalciuric effect of

sodium as previously discussed.47
A high-potassium diet has also
been shown to be beneficial.52

Other clinical conditions that
may cause increased urine cal-
cium excretion (secondary hyper-
calciuria) include the following:

Chronic diuretic use, especially
of furosemide. This is particularly
evident in preterm infants with
chronic lung disease8687 or pa-

tients with congestive heart fail-
ure88 who are on prolonged
furosemide therapy. These pa-

tients have increased frequency of
nephrocalcinosis and nephro-
lithiasis, the occurrence of which
may be minimized by substituting
furosemide with thiazides.

Sarcoidosis, a chronic granulo-
matous disorder the cause of
which is still unknown, may also
cause hypercalcemia and stone
formation. This is attributed
partly to the renal damage by the
granulomas but mainly to the hy-
percalcemia and hypercalciuria.89

Primary hyperparathyroidism is
characterized by increased serum

parathyroid hormone concentra-
tions, which increase calcitriol
production, causing increased in-
testinal absorption, tubular reab-

sorption, and bone resorption of
calcium.33 These cause markedly
increased serum and urine cal-
cium concentrations. In hyper-
parathyroid stone formers, surgi-
cal removal of the parathyroid
glands is indicated.

Distal renal tubular acidosis
(RTA) is a disorder caused by a

defect in the production and
maintenance of the hydrogen ion
gradient in the distal tubule. It is
characterized by normal anion
gap acidosis with hyperchloremia.
The risk for stone formation is at-
tributed to (1) increased urine
pH promoting precipitation of
calcium phosphate stones, (2) in-
creased calcium excretion, and
(3) low urine citrate.90 The low

urine citrate is attributed to multi-
factorial causes including a defect
in renal citrate metabolism, aci-
dosis, low glomerular filtration
rate, and hypokalemia. The sug-

gested cause of the hypercalciuria
is mainly the metabolic acidosis.
When a state of chronic acidosis
exists, the body buffers retain hy-
drogen ions in bone. Conse-
quently, calcium salts are dis-
solved from bone and tubular
calcium reabsorption decreases,
causing increased urine calcium
excretion.90 Treatment is via ad-
ministration ofpotassium citrate to
neutralize endogenous acid pro-

duction and increase urine citrate
excretion. Note that patients with
IH may later develop distal RTA,
probably as a result of papillary cal-
cification.91 When this occurs, the
drug of choice is a thiazide rather
than potassium citrate.91

Immobilization, even as short as

3 weeks,'0"16'17 may cause hyper-
calciuria, which in other litera-
ture is classified as resorptive hy-
percalciuria. This is attributed to
increased calcium mobilization
from bone leading to increased
calcium excretion. These are usu-

ally the chronically ill bedridden
patients, those with significant
fractures, or those with severe

neurologic disorders. Early ambu-
lation or mobilization as soon as

feasible as well as increasing fluid
intake are important in prevent-
ing stone formation.

Other disorders causing cal-
cium urolithiasis include vitamin
D excess, especially if accompa-
nied by large doses of oral cal-
cium, milk-alkali syndrome, mul-
tiple myeloma, malignancies
especially with metastatic bone
disease, juvenile rheumatoid
arthritis, and idiopathic hypercal-
cemia of infancy.'6"18,89

Hypocitraturia. Hypocitra-
turia occurs in approximately
19-63% of adults and children
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with urolithiasis.92 Normal urine
citrate is approximately 40-60
mg/dL in adults depending on
sex; i.e., females have higher lev-
els than males.93 In children, the
mean citrate-to-creatinine ratio is
0.510 in normal subjects,94 and
the mean urine citrate excretion
is 457 mg/g creatinine in boys
and 681 mg/g creatinine in
girls.95 Decreased levels of this in-
hibitor occur in distal RTA as well
as in disorders with acquired
metabolic acidosis such as
chronic diarrhea from inflamma-
tory bowel disease or after gas-
trectomy. Diuretic therapy, potas-
sium depletion, and active
urinary tract infection92 may also
cause this problem. Other studies
have shown that a high sodium in-
take as well as high amounts of
meat products in the diet may de-
crease urine citrate levels.92 Ther-
apy is mainly through replace-
ment using potassium citrate or a
relatively new drug, potassium
magnesium citrate.96 Initial
dosage depends on the severity of
the hypocitraturia. Usually 1-4
meq/kg/day of potassium citrate
divided two to four times daily is
recommended and then adjusted
accordingly based on follow up
urine citrate levels.95

Hyperoxaluria. Oxalate is
one of the end products of nor-
mal metabolism. Its main route of
excretion is through the kidneys
with normal urine levels ap-
proaching 15-40 mg per day in
adults and children.97 The major-
ity of urine oxalate is derived from
endogenous metabolism with
ascorbate and glyoxylic acid as the
main precursors.97 Only approxi-
mately 10-20% of urine oxalate is
derived from diet.97 Examples of
oxalate-rich foods are spinach,
rhubarb, swiss chard, peanuts,
sweet potato, baked beans, black-
berries, strawberries, chocolate,
cocoa, and tea. However, most of

the oxalate ingested is bound to
free calcium ions in the gut, form-
ing a calcium oxalate complex,
which is subsequently excreted
through the gastrointestinal
route.98 Thus, oxalate absorption
is normally only less than 10% of
the entire dietary intake.97

Hyperoxaluria accounts for
less than 2-3% of children with
calcium urolithiasis.22 Certain
clinical disorders may cause mal-
absorption, promoting increased
oxalate absorption, and these
comprise what is known as enteric
hyperoxaluria. Absorption of ox-
alate is increased by decreased in-
traluminal calcium and free fatty
acids99 as well as by increased per-
meability of the gastrointestinal
mucosa to oxalate'00 caused by
small bowel disease such as ileal
resection, pancreatic diseases,
and severe fat malabsorption.

Primary hyperoxaluria (PH), a
rare genetic disorder with an au-
tosomal recessive mode of inheri-
tance, is an inborn error of gly-
oxylate metabolism. There are
two types, PH I and PH II, both of
which cause marked increase in
oxalate biosynthesis from glyoxy-
late that accumulates behind the
metabolic block.'0' PH I is due to
a deficiency of the hepatic perox-
isomal alanine:glyoxylate amino-
transferase (AGT) and PH II is
due to a deficiency of glyoxylate
reductase.

PH I, which is much more
common than PH II, is character-
ized by recurrent urolithiasis and
nephrocalcinosis, which later
progress to renal insufficiency as
well as oxalosis, which is the sys-
temic deposition of oxalate more
commonly in the liver, eyes, and
bone marrow.102 The exact inci-
dence of this disorder is un-
known, although estimates of at
least 30 new patients developing
end-stage renal disease from PH
in the United States per year have

been reported.103 The prelimi-
nary results of the French Na-
tional Survey'04 reported an inci-
dence rate of 0.12 per 10 million
per year and an average preva-
lence rate of 1.04 per 10 million.
Approximately 50% are diag-
nosed at less than 10 years of age
with a male-to-female ratio of
1.33:1. End-stage renal disease is
reached by age 15 years in 50% of
patients.104

A high index of suspicion for
PH should be maintained in pa-
tients with nephrocalcinosis or
calcium oxalate urolithiasis.
Urine oxalate-to-creatinine ratio
is a very helpful screening test.
Normal values are adjusted for
age.'02 Results, especially if abnor-
mal, have to be confirmed by a 24-
hour urine collection. The upper
limit of normal in children is esti-
mated to be 0.46 mmol/1.73 m2/
day.102 Percutaneous liver needle
biopsy for AGT assay is another
helpful diagnostic test.105,106

Intensive therapy should im-
mediately be administered to re-
tard early progression of the dis-
ease. A low-oxalate, low-sodium,
and normal calcium diet is rec-
ommended. High fluid intake
needs to be maintained. In-
hibitors of calcium oxalate such as
citrate, magnesium hydroxide,
and orthophosphate are also
given. Diuretics, especially thi-
azides, may be helpful, not only by
increasing urine output but also
by decreasing calcium excretion.
Since pyridoxal phosphate is a co-
factor of AGT, pyridoxine at a
dose of 5 mg/kg/day should be
given.'07'108 The study by Milliner
et al'07 in 25 patients evaluating
long-term treatment of PH with
orthophosphate and pyridoxine
suggests that these medications
decrease calcium oxalate forma-
tion and appear to preserve renal
function in patients treated be-
fore the onset of renal failure.
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They reported an actuarial rate of
end-stage renal disease of 26% af-
ter 20 years of treatment with or-

thophosphate and pyridoxine
and reported only one death. Un-
treated patients or those who do
not respond to medical therapy
subsequently progress into end-
stage renal disease and develop
systemic deposition of oxalates re-

quiring dialysis and kidney
and/or liver transplantation to
prolong survival.104

Cystinuria. Cystinuria is a ge-

netic disorder with autosomal re-

cessive transmission character-
ized by abnormalities in the renal
and intestinal transport mecha-
nisms of cystine, ornithine, lysine,
and arginine. There is increased
urine excretion of these dibasic
amino acids with normal or de-
creased plasma levels. This defect
is of no clinical consequence per

se except that once the solubility
limit is exceeded, cystine stone
formation occurs. This process is
pH dependent; i.e., solubility is
higher at a urine pH equal to or

greater than 7.5.109,110 Cystine
stones account for 6% of urolithi-
asis in children38,10'3'7"11-113 in
the United States and approxi-
mately 1% of all patients with
urolithiasis.3' Such stones can oc-

cur anytime from infancy to adult-
hood, although the mean age of
occurrence is in the second and
third decade of life with both
sexes being equally affected.34 Hy-
percalciuria, hyperuricosuria,
and hypocitraturia may be associ-
ated.14 Other clinical disorders
associated are hemophilia, retini-
tis pigmentosa, Down syndrome,
muscular dystrophy, and heredi-
tary pancreatitis, as well as mental
illness and retardation.'6'18,34

This disorder is diagnosed in
patients with very early onset of
recurrent renal stones as well as a

positive family history for cystin-
uria. Urinalysis reveals the charac-

teristic flat hexagonal cystine crys-

tals in 26% of patients."5 A posi-
tive nitroprusside test indicates a

level of greater than 75 mg/dL of
urine cystine, and this needs to be
confirmed by a 24-hour urine col-
lection.16 Quantitative cystine ex-

cretion can also be done by amino
acid analyzers or high-pressure liq-
uid chromatography."6 Urine cys-

tine excretion of more than 75 mg
and usually more than 200 mg/g
creatinine is diagnostic of cystin-
uria.16,34 However, chemical stone
analysis provides the more defini-
tive diagnosis.

Strict dietary restriction ofme-
thionine-rich food such as red
meat, poultry, fish, and dairy
products has generally been rec-

ommended in adults since me-

thionine is the precursor of cys-

tine. Not only is compliance
difficult but also this diet may be
detrimental to growing children,
and hence, it is not advised in chil-
dren.34 A low-sodium diet, which
has been shown to decrease urine
cystine levels in children,"7 is rec-

ommended in the therapeutic
regimen of cystinuric patients.

The need for increased fluid
intake and urinary flow rates
throughout the day and night can-

not be overemphasized. Alkalin-
ization of the urine with potas-
sium citrate to a goal of a urine pH
between 7.5 and 8.0 is done to in-
crease cystine solubility.34 Beyond
pH 8, there is an increased risk for
calcium phosphate stones.31

When this regimen fails and
stones recur, chelating agents are

added to the therapy. These form
a complex with cystine, which is
more soluble in the urine. D-peni-
cillamine has been the most
widely used drug and has been
shown to produce a marked de-
crease in urine cystine excre-

tion.16,34,116 However, it is coupled
with several serious side effects
such as agranulocytosis, thro-

mobocytopenia, nephrotic syn-
drome, pemphigus, polymyositis,
etc.1634116 This renders it rela-
tively intolerable, thereby limiting
its use. x-Mercaptopropionyl-
glycine (MPG) has the same

mechanism as D-penicillamine
with a lower incidence of toxicity.
However, its side effects such as

emesis, skin rashes, nephrotic syn-
drome, myopathy, and oral ulcers
are very common. Captopril, an

angiotensin converting enzyme

inhibitor, which is commonly
used as an antihypertensive, has
been shown to decrease urine cys-

tine excretion by approximately
60-90% without any accompany-

ing side effects.1"8"119 It forms a

thiol-cysteine mixed disulfide,
which is 200 times more soluble
than cystine"19 and three to four
times more soluble than the D-
penicillamine and MPG com-

plexes.'20"12' Hypotension is not a

significant concern, especially
since this may be overcome by vol-
ume expansion from vigorous hy-
dration.'20 Current studies on this
drug are mostly on adults, and
varying results have been re-

ported.'108119,120,122-126 Coulthard
et al'22 reported a small decrease
in urinary cystine excretion in

their study of five cystinuric chil-
dren . However, this was not statis-
tically significant. Similar findings
were reported by Michelakakis et
al'24 in their experience with two
siblings with cystinuria. A recent
study by Chow and Streem'26 in
16 patients (age range 1.5-49
years) concluded that captopril
does not appear to be as effective
as D-penicillamine or ox-MPG in
decreasing stone formation rate
and that it does not clearly add
clinical benefit to these thiols.
More studies need to be done to
determine the value of this drug
in the treatment of cystinuria.

Uric Acid Stones. Uric acid is
the end product of purine metab-
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olism, which is handled by the
kidney and partly by the gastroin-
testinal tract. It is a weak acid
whose solubility is highly depen-
dent on urine pH; i.e., solubility
increases with a higher pH.'6,127
In children, mean uric acid excre-

tion is approximately 520 ±147
mg/1.73 m2/day.128

Uric acid stones account for
5% of stones in children.8'10'16
Their formation occurs with low
urine pH as well as low urine vol-
ume. Urate stones may also occur

with increased urine ammonium

concentration, which may be sec-

ondary to UTI, dehydration, or

starvation.129
Hyperuricosuria is the great-

est predisposing factor and this
can occur with a high-purine diet,
intake of drugs (salicylates,
probenecid, sulfinpyrazone etc),
obesity, and alcohol intake.'29 Pri-
mary gout, myeloproliferative dis-
orders, and other hematologic
diseases such as pernicious ane-

mia and polycythemia are also as-

sociated disorders. Hereditary
diseases causing hyperuricemia

such as Lesch Nyhan syndrome,
where there is a deficiency of hy-
poxanthine guanine phosphori-
bosyl transferase (HGPRT), and
superactivity of phosphoribo-
sylpyrophosphate synthetase
(PRPP) also cause marked hyper-
uricemia, uricosuria, and uric

acid stones.
Alkalinization with potassium

citrate to keep the urine pH be-
tween 6.5 and 7 together with vig-
orous hydration and dietary re-

striction of purine-rich food are

important. Allopurinol is the
drug of choice in decreasing hy-
peruricemia and is very effective
in decreasing the risk for stone

formation. 16,129

Infection Stones
Infection stones comprise

24% of the total number of

urolithiasis in North American
children8,'0,22 compared to 54%
in European children.'6 Two-
thirds of patients with infection
stones are less than 5 years of age
at the time of diagnosis. There is
also some male predominance.20
This type of stones also have a pre-

dominantly renal location noted
in 70% of patients.20 Thirty-three
percent of patients have anatomic
lesions that probably contribute
to stone formation. These include
ureteropelvic junction obstruc-
tion, neuropathic bladder, and
obstructed megaureter. Vesi-
coureteral reflux is noted in 12%
of patients.20

These calculi are primarily
struvite (magnesium ammonium

phosphate) or carbonate apatite,
although mixed stones have also
been noted. Urease-splitting bacte-
ria especially Proteus sp. are re-

sponsible for forming these stones.
Other bacteria include Klebsiella,
Pseudomonas, Providencia, Entero-
cocci, but very rarely E. coli.4,130,131
The mechanism by which stones

are formed involves the release of
ammonia when the urease from
the bacteria acts on urea in the
urine. This increases urine pH
and urine ammonium, which sub-
sequently binds with phosphate
and magnesium ions, forming

struvite stones. These stones can

increase in size, filling the pelvi-
caliceal system, forming a

staghorn configuration, which of-
ten requires some form of surgi-
cal removal or rarely even

nephrectomy. Bacteria may be in-
terspersed within the structure of
the stone, making antibiotic pen-

etration difficult, thus making in-
fection recurrent or persistent.
This is the reason why it is essen-

tial not only to treat aggressively
with the appropriate antibiotic
but also to ensure complete re-

moval of all stone fragments.'31'132
The recurrence rate following ini-

tial management is 14%, and in
those associated with anatomic
abnormalities, the median inter-
val to recurrence following initial
surgery was 1 year (range 4
months to 13 years).20 Therefore,
close follow-up is also essential.
Currently, several modes of non-

surgical therapies are being evalu-
ated such as direct instillation of
medications onto the stones and
the use of urease inhibitors.'33

Anatomic Stones
As previously discussed, uri-

nary tract anomalies in associa-
tion with other risk factors predis-
pose patients to urolithiasis by
promoting stasis of urine and het-
erogeneous nucleation. Infection
developing in stones other than
struvite or carbonate apatite are

said to be infection-associatedl34
and are not classified as infection
stones per se. Infection may lead
to some injury to the uroepithe-
lial lining. The resultant bacterial
and inflammatory cellular debris
acts as a nidus for stone formation
and growth at lower solute con-

centrations and in effect hastens
the process of crystallization.'7,20
This is what is referred to as het-
erogeneous nucleation. Neuro-
genic bladder and ureteropelvic
junction obstruction are the most

common anomalies associated in
children. Urinary diversions are

also considered risk factors.8'16
Among patients with ileal loops,
large loop residuals, and hyper-
chloremic acidosis, ureteral di-
latation causing stasis are pre-

sumed to be the risk factors for
stone formation.135 Medullary
sponge kidney disease, which is
characterized by cysts in the col-
lecting ducts, is another common
anomaly that presents with renal
stones, although it is uncommon
in children. Most patients are

asymptomatic, although some

may have hematuria or recurrent
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UTI. Diagnosis is made by intra-
venous pyelography.133 It is im-
portant to remember that not all
patients with anatomic anomalies
will ultimately develop calculi but
that it is the presence of concomi-
tant risk factors that determines
whether stone formation will
eventually occur.22,36

Factitious Calculi
A few patients have under-

gone extensive evaluation with
normal results and unidentifiable
stone type. Some were cases of
Munchausen-by-proxy. In 19 chil-
dren aged 4 months to 7 years,137
hematuria was reported in 7 chil-
dren. Blood was reportedly gener-

ated by the mother by adding her
own blood to the child's urine. In
one case, a mother stirred a vaginal
tampon (during menstruation)
into the child's urine specimen.

In older children and adults,
reported cases were attributed to
Munchausen syndrome. For in-
stance, a 10-year-old boy present-
ing with colicky pain and hema-
turia claimed to have passed black
specks of stones, which were ana-

lyzed as small water-worn pebbles
of quartz lightly stained with iron
oxide.'38 Other patients reported
genuine renal stones factitiously
passed, although these were

mostly adult patients.'39"140

Conclusion

The diagnosis and manage-

ment of urolithiasis involves care-

ful examination of the individual
factors that predispose the patient
to stone formation. The classifica-
tion of the particular stone com-

position for a patient may not be
as distinct since mixed types may
occur as well as underlying meta-
bolic abnormalities. The main
point to remember is that the un-

derlying defects should be cor-

rected as soon as possible; con-

comitant infection should be
treated aggressively; and increased
oral intake of fluids should always
be emphasized. Close follow-up
should also be done to assess the
adequacy of therapy and to pre-

vent any recurrence.
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