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Introduction

Renal stone disease is an important problem and
is being recognized more commonly in pediatric
age group. In children, it has different
characteristics in both presentation and treatment
in comparison with this disease in adults.
However, the randomized clinical trials,
systematic reviews, evidence based information,
and guidelines in pediatric patients are limited. In
this article, a search was performed via the mesh
and non mesh terms search system on the
pubmed on the relevant articles. Additional
searches were done in EMBASE, the Cochrane
Central Register of Controlled Trials (The
Cochrane Library), guideline websites, and
reference lists of articles. The key words were
urolithiasis, nephrolitiasis, renal stone, renal
calculi, children, and pediatric.

Underlying causes of renal stone

Children with urolithiasis are high risk patients
due to recurrent stone formation. On the other
hand metabolic disorders are frequent associated
disorders with urolithiasis in pediatric patients.
Thereafter the investigations for both stone
diagnosis and its underlying disorder especially
metabolic disorders are necessary (level of
evidence 2a, recommendation B).

All pediatric patients with urolithiaisis should be
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evaluated for metabolic abnormalities based on
stone analysis if available (recommendation A).
Awareness of stone composition is helpful to
direct metabolic evaluation. Additional serum and
urine analysis may be required (level of evidence
2, A), notably in cases without available stone for
analysis. Some authors believe that underlying
metabolic disorders are not always reflected by
the stone analysis. Thus, they suggest that the
assessment of urine biochemistry is more useful
than stone chemical composition analysis in
children (1).

Depending on the geographic area, hypercalciuria,
hyperoxaluria, hypocitraturia or their
combinations can be the most frequent metabolic
disorders in children with lithiasis. For example,
hypercalciuira is the most common metabolic
cause of renal stone disease in western children.
In contrast, infection related stones are common
in European children. The most common
anatomical abnormalities which are associated
with urolithiasis in children include vesicoureteral
reflux, ureteropelvic junction stenosis, and
neurogenic bladder (level 4).

Urinary tract infection is an important disease
which can underlie renal stone disease. Thus,
clinicians should take a precise history regarding
urinary tract infection and suggest urinalysis and
culture for all pediatric patients with urolithiasis
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(level of evidence 2, recommendation A).

The metabolic evaluation of pediatric patients
with renal stone disease depends on the size and
laterality of the stone and associated
manifestations. Every child with urolithiasis (not
microlithiasis) should be assessed by following
steps:

e Precise history, family history, and
physical examination

e Stone analysis if available

e Measurement of serum potassium,
sodium, BUN, creatinine, calcium,
phosphorus, and uric acid

e Spot or 24 hours urine for calcium,
cystine, uric acid, oxalate, and creatinine,
Twenty four hour urine collection is
preferable, but it is difficult in infants or
children with incontinence. In these
patients, assessment of random urine is
recommended. The urine assessment
should be done when the child is well,
infection free, and on routine diet.

e Urinalysis and urine culture

e Parathyroid hormone (if there is
hypercalcaemia)

Imaging procedures to diagnose renal stones in
children.

Ultrasound is the first choice imaging modality to
identify urinary tract stone (level 2a) and should
include the kidney, filled bladder, and portions of
the ureter (level 4, G: B). This imaging modality is
the most suitable method for urolithiasis in
children due to the lack of radiation and no
requirement for anesthesia. Ultrasound provides
information about the size and location of the
stone in the wurinary tract, the grade of
hydronephrosis, the presence of obstruction due
to stone, and associated anomalies. However,
ultrasound sometimes fails to diagnose urinary
tract stones (*40%) in children (2) (level 3).
Kidney wureter bladder imaging (KUB) in
combination with ultrasound helps the clinicians
to diagnose and follow renal stones.

Intravenous pyelography (IVP) is rarely indicated
in patients with renal stone, but it can be helpful
in some cases such as determining the anatomy of
the calyces and pelvis before surgery.

Non contrast helical CT scan has an excellent
visualization of all stones whether they are
opaque or nonopaque and regardless of their size
and location. It is rapid and has 97% sensitivity
and 96% specificity (level 2, grade B). In children,

5% of the stones cannot be diagnosed by CT scan
(level 4). Nowadays, the patients are less required
to receive anesthesia and sedation and they are
less exposed to radiation with modern high speed
CT scans (level 4, grade C)

It is recommended to perform CT scan in children
with persistent urolithisis symptoms but without
the evidence of stone in KUB and ultrasonography
(level of evidence 3, recommendation C) (3).
Magnetic Resonance (MRU) is not able to detect
stones in the urinary tract but shows an excellent
view of the urinary tract anatomy.

Treatment

Spontaneous stone passage is more common in
children when compared with adults (level 4,
grade C). There are some medical and non medical
treatments for urolithiasis in children.

Medical Treatment

Data on medical therapy of wurolithiasis in
pediatric patients are limited. There is a very
limited number of trials focusing on the
conservative treatment in children with varied
metabolic types of renal stones. The aim of
medical therapy is to prevent further growth of
existing stones and formation of new stones.

A high fluid intake (well distributed over day and
night time) is believed to be a key and universal
treatment that is suggested for all types of stones.
Other dietary considerations depend on the types
of stones. There are no randomized double blind
trials about the effect of diet alone on the outcome
of pediatric patients with varied types of stones.

Hypercalciuria

Hypercalciuria is one of the most common
metabolic disorders in children with urolithiasis
in some studies. It is defined as urine calcium
excretion more than 4/mg/kg/day in children and
more than 5 mg/kg/day in infants younger than 3
months old. It can be primary or secondary to
hypercalcemia. In all children without available
stone for analysis, the urine calcium concentration
should be measured. In infants, it can be measured
in random urine as calcium/creatinine ratio while
it is measured in 24-hour urine collection in older
children. The treatment aim is to reduce urinary
calcium concentration as follows.

Diet

Initial management is increased fluid intake. A
short term period of low calcium diet can
determine the contribution of calcium intake to
high urinary calcium concentration. However,
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calcium intake restriction should not be for a long
time period (level of evidence 3, recommendation
grade B) (15) due to the increased risk of
osteopenia and hyperoxaluria, leading to renal
stones containing oxalate compounds.

Studies on adult have shown that low sodium and
protein diets are more effective than low calcium
diets in reducing urinary calcium concentration.
Thus, the optimal initial treatment of
hypercalciruia is dietary changes including low
sodium and high potassium diet, avoiding excess
calcium and vitamin D supplements, and high fluid
intake.

Hydrochlorthiazide

Thiazide diuretics can be administrated (1-2
mg/kg/day) in patients with hypercalciuria (Level
of evidence: 3; Grade of recommendation: C).
Some observational studies have shown a
reduction in the urine calcium concentration in
the children treated with hydrochlorthiazide
(3,15,16). However, this guideline believes that
thiazides are not efficient in children with
hypercalciuria to reduce renal stone recurrence
(level 4, grade C).

Potassium Citrate

Potassium citrate therapy is suggested in patients
with persistent hypercalciuria. It is also useful in
patients who  have  hypocitraturia and
hypercalciuria concurrently (Level of evidence: 4;
Grade of recommendation: C). In this regard, the
starting dose of potassium citrate is 1-2
meq/kg/day divided into two doses (Level of
evidence: 4; Grade of recommendation: B). Draft 1
shows the evaluation and treatment of children
with hypercalciuria. No study has compared
citrate and thiazide diuretics in hypercalciuric
patients.

However, no prospective studies have been
performed on medical therapy for stone
prevention in children with hypercaciuria.

Hyperoxaluria

Oxalate is a metabolite excreted in the urine. It is
produced by metabolic pathways in the body or
comes from diet. It appears that 10-15% of the
urine oxalate comes from diet and restriction of
diet oxalate affects this amount of urinary oxalate.
Hyperoxaluria and consequently renal stones can
be due to increased oxalate intake, increased
intestinal absorption of oxalate, or inborn errors
of metabolism. Inborn errors of metabolisms are
the most severe causes of excessive urinary
oxalate excretion named primary hyperoxaluria.

The aim of conservative treatment of
hyperoxaluria is to reduce oxalate production and
increase its urinary solubility. These treatments
include high fluid intake, low oxalate diet, regular
calcium intake and some medications such as
calcium oxalate deposition inhibitors.

In hyperoxaluria type 1, “the most common type
of primary hyperoxaluria”, the fluid intake should
be 2-3 1/m2 per day to reduce urinary oxalate
concentration to less than 0.4mmol/l. It is
believed that restriction of diet oxalate has a
limited effect in these patients. Pyridoxine can
reduce the urinary oxalate concentration and may
be useful in 10-30% of the patients with primary
hyperoxaluria who have some types of mutations.
The response to an initial pyridoxine dose (5-10
mg/kg/day) as the test dose is defined as 30%
reduction in urine oxalate after treatment and can
predict its severity and progression to end stage
renal failure (Level of evidence: 3; Grade of
recommendation: B) (17). Patients who respond
to pyridoxine have preserved renal function when
they are under suitable medical treatment.
Potassium citrate can be used in patients who
have hyperoxaluria (Level of evidence: 3; Grade of
recommendation: B). Neutral  phosphate
compounds can also be administrated in these
patients (orthophosphate 20 mg/kg/day).

Cystinuria

Cystinuria is a recessive autosomal disease and
accounts for 2-8% of the causes of renal stone in
children. The aim of treatment in cystinuria is to
decrease cystin saturation in the urine and to
increase its solubility. Thus, high fluid intake,
urine alkalization, and the use of chelators are
suggested in these patients. Restriction of
methionine intake is not suggested by most
authors in the pediatric age group (15). A low salt
diet is believed to reduce urine cystine
concentration. It seems that a reduction in sodium
intake to about 50 mmol/day (1mmol/kg/day)
leads to a remarkable decrease in urine cystine
levels; however, this low sodium diet achievement
is difficult in the long term period (18). Alkali
therapy is indicated in cystinuric children to
maintain urine PH at about 7.5 but not in excess of
8 to prevent calcium containing stones. Potassium
citrate is the preferred alkali therapy in these
patients.

Cystine chelators such as mercaptopropionyl
glycine or tiopronin (10-20 mg/kg/day up to 40
mg/kg/day in children given in divided doses), D-
penicillamine  (10-20 mg/kg/day) and/or
captopril are suggested when preliminary
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treatments such as citrate and high fluid therapy
fail. With gradual initiation, penicillamine can be a
useful and safe treatment in these patients.
According to a recent cohort study, penicillamine
can be initiated as the first line therapy in
pediatric patients with cystinuria (level of
evidence 3, recommendation B) (19,20,21).

It appears that mercaptopropionyl glycine or
tiopronin is better tolerated that D penicillamine.
The use of captopril as a thiol compound in some
case series has shown to be able to reduce urinary
cystine levels but with no proven effect on stone
formation.

It is believed that the maximal urinary cystine
concentration is found during night, thus night
time treatment such as fluid intake and chelating
therapy at bedtime is important.

There is no randomized clinical trial on the
treatment of cystinuria. Therefore, it is not
possible to arrange a guideline based on evidence
levels 1 and 2 in these patients.

We can monitor cystinuric patients by
measurement of urine PH, specific gravity, and the
concentration of urine cystine concentration. The
aim is to reach a urine PH of 7.5-8, specific gravity
less than 1010, and urine cystine concentration
less than 200-300 mg/1.

Hyperuricosuria

Hyperuricosuria is common in children, especially
during infancy, and is the main cause of uric acid
stones in children. Uric acid stone formation
depends not only on hyperuricosuria but also on
the acidic urine. Thus, the most important
treatment in these patients is alkalization of the
urine by citrate therapy.

Medical explosive therapy

This therapy includes the drugs that expel ureteral
stones by relaxing its smooth muscle.

These drugs are calcium channel and alpha-1
receptor blockers. In some guidelines, this therapy
is not recommended because of insufficient data
in the pediatric age group (level 4). According to a
recent small RCT, administration of doxazosin (an
alpha blocker) was not effective in expelling distal
ureteral stones smaller than 10 mm in children
(level of evidence 1b)(22). However, some
clinicians administer alpha blocker medications in
children with distal ureteral stone.

ESWL

Currently, ESWL can be performed in children
without long term kidney damage. The success of
ESWL depends on some factors such as the type,

size, and location of the stone. ESWL may be less
efficlent in cases of cystine stone, calcium
monohydrate stones, and the presence of
anatomical abnormalities. It appears that the
response to ESWL in children is higher than
adults, even for large and staghorn stones. This
can be due to differences in the body size, ureteral
length, contractility, and elasticity (17). Although
available data about ESWL in children are
insufficient, it appears that percutaneous ESWL is
safe and effective in this age group.

For all children, the indications of ESWL are
identical to those in adults (level of evidence 1a).
In this regard, renal stones with a diameter up to
20 mm are ideal for ESWL (level of evidence 1b).
On the other hand, ESWL is more effective for
upper ureteral calculi in comparison with
ureteroscopy. Considering the better excretion of
stone fragments in children post ESWL (18-
21,23,24) as compared with adults, ESWL is
sometimes suggested for staghorn stones in
children. Although the data for pediatric patients
with staghorn stones are limited, American
Urology Association recommends ESWL for
staghorn stones in children (grade C). In a
randomized clinical trial, the authors suggested
prophylactic ureteral stenting before ESWL of
staghorn stones in pediatric patients because of
lower complications and shorter hospitalization
(level 1b, recommendation B) (14). Unlike
American Urology Association, PCNL is suggested
as the first choice modality to treat staghorn
stones in children in the European Urology
Guideline. It seems that the combination of PCNL
and ESWL may be useful.

After ESWL, administration of potassium citrate is
suggested to prevent stone regrowth and new
stone formation in the long term period (level of
evidence 2, recommendation grade B) (25).

Ureteroscopic lithotripsy

Both ureteroscopic lithotripsy and ESWL are
effective modalities to treat ureteral stones.
Selection of these modalities depends on the
available equipment, expertise of the surgeon,
child’s size, urinary tract anatomy, and the
location of the stone. It is better to perform ESWL
in small sized children.

Ureteroscopy is useful for middle and distal ureter
stones (level of evidence 1a, Grade A). According
to two randomized clinical trials, ureteroscopy
plus intracorporeal lithotripsy are recommended
in children with distal ureteral stones although
ESWL is also effective in these stones (15,16).
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Ureteroscopy plus lithotripsy is safe and effective
in children (15,16) (level of evidence 1b, Grade A).
The risk of ureteral stricture and reflux is not
significant following this modality (Level of
evidence: 1a; grade of recommendation: A).

Surgery Treatment

PCNL is a less invasive treatment compared to
open surgery. Thus, this technique is a useful
alternative to open surgery in children. The
indications of PCNL are similar in children and
adults (level of evidence 1a). PCNL is indicated in
renal stones with a diameter more than 20 mm
(level of evidence 1a, grade A)

Most pediatric urinary tract stones are removed
by ESWL, ureteroscopy, and ultimately by PCNL
and a low number of stones are removed by open
surgery. The indication of open surgery is the
presence of large stones, especially in small
children. Recommended ESWL/surgical
modalities in pediatric patients with urolithiasis
are shown in Table 1.

Table 1: The preferred modalities in pediatric stone removal
(26)

Staghom PCNL 2b OpenfSWL Multiple sessions and

stones aceesses with PCHL may
beneeded.
Combination with SWL
mar be useful.

Pelvis<i0mm  SWL 1a RIRS/PCNI

Pelvis 10-20 mm SWL 2b PCNI/Open Multiple sessions with
SWLmay be needed.

PCNI  has  similar
recommendation grade

Pelvisz20mm  PCHL 2b SWL/Open Multiple sessions with
SWLmay be needed.

Lowerpolecalix  SWL 2c RIRS/PCNI Anatomical  variations

<10mm are  imporEnt  for
complete dlearance
after SWL

Lowerpolecalix  PCNL b SWL Anatornical  variations

*10mm are  important  for
complete dlearance
after SWL

Upperureteric  SWL 2b  RIRS/URS/

stomes Open

Lowerureteric  URS 1a SWL/Open Additomal intervention

stomes need is high with SWL

Bladderstones  Endroscopic 2b Open Open is easier and with
less operative time with

large stones.

Renal stone in ultrasound

| 1

Microlithiasis <5 mm Stone or stone in Staghorn Stone
KUB and/or CT scan

| | |
Consider metabolic ) L Evaluation:
evaluation if: E;ﬁ:lhg].nma K Serum cr, urea, K,
Paositive U/C . T Na,Ca,VBG
Hematuria E‘Ehcslﬂ_ wihl Urine for ca, oxalate,
Growthl n ephﬂ;c?l]‘;in osis uric acid, cr, cystine
Symptomatic bilateral stone [.'_tther_anuma]im

I *Urine for ca, oxalate, Bl:f;fa can

uric acid, er, cystine N

Evaluation: *QOther anomalies
Serum cr, urea, K, *UA,UC: if positive or
Na,Ca history of UTL, there
VEGif: growthl, is need to DMSA
nephrocalcinosis, scan, VUR evaluation
and bilateral stone
Urine for ca,
oxalate, uric acid,
cr, cystine
Other anomalies

[
Fluid intaket T
Polycitrate if stone
persists

Figure 1. The approach to children with urolithiasis based on the
stone size

Renal stone and metabolic disorders

|
| I |

’ Cystinuria ‘ Hyperoxahuria Hrpercalciuria Hyperuricosuria
l | | I
Consider high
fhuid intake, low Consider high fluid Consider high fuid Consider high
sodium diet, intake, citrate-k, intake, fluid intake,
dtratek pyridoxine and in Low sodium diet, Low sodium diet,
(UPH=T), primary hyperoxaluria citrate-k, ditrate-k
penicilaming/ I: combined kidney Hydrochlorthiazide? (UPH=T)
captoprilin liver transplantation
persistent stone

Figure 2. Therapeutic suggestions in children with diverse
metabolic etiologies of urolithiasis
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