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Abstract

Context: Paediatric stone disease is an important clinically entity and management is
often challenging. Although it is known that the condition is endemic in some geo-
graphic regions of the world, the global incidence is also increasing. Patient age and sex;
the number, size, location, and composition of the stone; and the anatomy of the urinary
tract are factors that need to be taken into consideration when choosing a treatment
modality.
Objective: To provide a general insight into the evaluation and management of urolith-
iasis in the paediatric population in the era of minimally invasive surgery.
Evidence acquisition: A nonsystematic review of the literature on management of
paediatric urolithiasis was conducted with the aim of presenting the most suitable
treatment modality for different scenarios.
Evidence synthesis: Because of high recurrence rates, open surgical intervention is not
the first option for paediatric stone disease, except for very young patients with very
large stones in association with congenital abnormalities. Minimally invasive surgeries
have become the first option with the availability of appropriately sized instruments and
accumulating experience. Extracorporeal shockwave lithotripsy (SWL) is noninvasive
and can be carried out as an outpatient procedure under sedation, and is the initial
choice for management of smaller stones. However, for larger stones, SWL has lower
stone-free rates and higher retreatment rates, so minimally invasive endourology
procedures such as percutaneous nephrolithotomy and retrograde intrarenal surgery
are preferred treatment options.
Conclusions: Contemporary surgical treatment for paediatric urolithiasis typically uses
minimally invasive modalities. Open surgery is very rarely indicated.
Patient summary: Cases of urinary stones in children are increasing. Minimally invasive
surgery can achieve high stone-free rates with low complication rates. After stone
removal, metabolic evaluation is strongly recommended so that medical treatment for
any underlying metabolic abnormality can be given. Regular follow-up with imaging
such as ultrasound is required because of the high recurrence rates.
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1. Introduction

Paediatric stone disease is an important clinical problem,
particularly in some regions of the world, such as the Middle
East, South Asia, and North Africa. Although it was assumed
to be rare in developed countries, epidemiology studies
have shown that the incidence of paediatric stone disease
is also increasing in the Western world, especially in girls,
children of white race, and older children [1]. Obtaining a
stone-free state with close follow-up is of utmost impor-
tance, although this may not be possible in some circum-
stances (eg, oxalosis and nephrocalcinosis). With technical
advances, the need for open stone surgery has become
extremely rare. The treatment options for upper urinary
tract stones are extracorporeal shockwave lithotripsy
(SWL), percutaneous nephrolithotomy (PCNL), retrograde
intrarenal surgery (RIRS), and laparoscopy. Each technique
has its own advantages and disadvantages, and success
rates differ mainly by patient population, stone size, stone
multiplicity, and stone location.

Although metabolic work-up and medical management
are beyond the scope of this paper, these steps are
extremely important after stone removal and analysis is
done, as every effort should be made to discover any under-
lying metabolic abnormality so that it can be treated
appropriately.

2. Evidence acquisition

A nonsystematic review of the literature was carried out on
the management of paediatric urolithiasis using the
PubMed, Ovid, EMBASE, Cochrane Central Register of Con-
trolled Trials, and Cochrane Database of Systematic Reviews
databases (keywords: paediatric, children, urinary stone,
urolithiasis) with the aim of presenting the most suitable
treatment modality for different scenarios.

3. Evidence synthesis

3.1. Diagnostic evaluation

Presentation with paediatric urolithiasis tends to be age-
dependent, with symptoms such as flank pain and haema-
turia being more common in older children. Nonspecific
symptoms (eg, abdominal pain, irritability, vomiting) are
common in infants and toddlers. Haematuria, usually visi-
ble and occurring with or without pain, is less common in
children. However, microscopic haematuria may be the sole
indicator and is more common in children. In some cases,
urinary infection may be the only finding leading to radio-
logical imaging in which a stone is identified.

3.1.1. Imaging

Renal ultrasonography is very effective in identifying renal
stones and should be used as the first diagnostic tool. Many
radiopaquestonescanbeidentifiedonasimpleabdominal flat-
plate examination. A kidney-ureter-bladder roentogenogram
or intravenous urography alone may yield misinformation
because of the abdominal gas that is marked in children.
Moreover, use of contrast material is avoided because of pos-
sible adverse effects, the low glomerular filtration rate in small
children, and the low informative capability of intravenous
urography in acutely obstructed cases. Low-dose noncontrast
computed tomography (CT) should be used in cases with a
doubtful diagnosis, especially for ureteral stones and complex
cases requiring surgery. Noncontrast helical CT is the most
sensitive test for identifying stones in the urinary system
(especially for ureteral stones) and the only technique that
provides data on Hounsfield units (HU) for stones. It is safe and
rapid, with 97% sensitivity and 96% specificity [2,3]. Despite its
high diagnostic accuracy, because of the potential radiation
hazards, CT use should be reserved for cases for which ultraso-
nography and/or a plain abdominal roentgenogram are non-
informative. Low-dose protocols have also been developed
with the goal of reducing the radiation dose while providing
adequate image quality [4].

3.2. Management

Deciding on the type of treatment depends on the stone
number, size, location, and composition and the anatomy of
the urinary tract. The availability of instruments in the
hospital and experience with them are also important in
the decision-making process. After a clear explanation of
success rates and the advantages and disadvantages of each
treatment modality, parents should be included in decision-
making.

Expectant management is the initial approach in chil-
dren with small asymptomatic stones (<4–5 mm) with the
possibility of spontaneous clearance. There is no consensus
on the size of stones for which spontaneous clearance can
be expected in different age groups or on the duration of
conservative follow-up. The data on medical expulsive
therapy (MET) using a-blockers (tamsulosin and doxazo-
sin) in children are limited and results are variable, but a
meta-analysis of three randomised trials and two retro-
spective studies demonstrated that treatment with MET
results in an increase in the odds of spontaneous ureteral
stone passage and a low rate of adverse events [5]. MET
was administered in children aged between 2 and 15 yr
with a distal ureteral stone of <10 mm. The dosage was
0.03 mg/kg/d for 3 wk for doxazosin and 0.2–0.4 mg/d for
4–6 wk for tamsulosin.

Currently, most paediatric stones can be easily managed
using SWL. Endoscopic treatment can be applied for ure-
teral and bladder stones. Percutaneous removal or RIRS is
also possible for kidney stones in children. Only a small
proportion of children will require open surgery, but all
attempts must be made to completely remove all stones,
since postoperative residual fragments pass spontaneously
in only 20–25% of cases [6]. Any congenital obstructive
uropathy should be managed together with stone removal
therapy to prevent recurrence.

3.2.1. Extracorporeal SWL

Many reports confirm that SWL can be performed in chil-
dren, with no suspicion of long-term kidney morbidity [7,8].
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The mean number of shockwaves for each treatment is
approximately 1800–2000 (up to 4000 if needed) and the
mean power setting varies between 14 and 21 kV. Use of
ultrasonography and digital fluoroscopy has significantly
decreased radiation exposure and it has been shown that
children are exposed to significantly lower doses of radia-
tion compared to adults. Concerns about anaesthesia no
longer present a problem owing to advances in techniques
and medications, even in the infant age group. General or
dissociative anaesthesia should be used for children youn-
ger than 10 yr, whereas conventional intravenous sedation
or patient-controlled analgesia is an option for older chil-
dren who are able to cooperate [9].

Stone-free rates are significantly affected by various
factors. Regardless of the location, as the stone size
increases, the stone-free rate decreases and retreatment
rate increases. Stone-free rates of nearly 90% for stones
<1 cm, 80% for 1–2 cm, 60% for >2 cm, and 80% overall
have been reported. The need for additional sessions
increases with stone size [10–15].

Stone location has been described as a significant factor
affecting success rates in different studies. Stones in the
renal pelvis and upper ureter seem to respond better to
SWL. For these locations, stone clearance rates are nearly
90%. However, SWL was found to be less effective for caliceal
stones, particularly lower caliceal stones. Several studies
reported stone-free rates for isolated lower caliceal stones
that varied between 50% and 62%; the anatomy of the lower
calyx may play a role [16,17]. Extracorporeal SWL will give
the best results for single small stones (<10 mm) in a non–
lower-pole location (Table 1).

SWL can also be used to treat ureteral calculi. However,
this is a more specific issue and is controversial. Success
rates with SWL are lower for distal ureteral stones. There
may also be technical problems with localisation and focus-
ing for ureteral stones in children [18].

Although stenting does not affect stone clearance, overall
complication rates are higher and hospital stay is longer for
Table 1 – Recommendations for interventional management of paedia

Stone size and locationaPrimary treatment optionSecondary treatment op

Staghorn stones PCNL Open surgery, SWL 

Pelvis, <10 mm SWL RIRS, PCNL, micro-PCNL 

Pelvis, 10–20 mm SWL PCNL, RIRS, micro-PCNL, o

Pelvis, >20 mm PCNL SWL, open surgery 

Lower-pole calyx
<10 mm SWL RIRS, PCNL, micro-PCNL 

>10 mm PCNL SWL, micro-PCNL 

Upper ureter SWL PCNL, URS, open surgery
Lower ureter URS SWL, open surgery 

Bladder Endoscopy 

PCNL = percutaneous nephrolithotomy; SWL = shockwave lithotripsy; RIRS = retro
a Excluding cystine and uric acid stones.
patients with no stents [19]. Stenting is essential in solitary
kidneys undergoing SWL treatment. Children with a large
stone burden have a high risk of developing Steinstrasse and
urinary obstruction and should be followed more closely for
the risk of prolonged urinary tract obstruction after SWL.
Post-SWL stent or nephrostomy tube placement may be
needed in cases with prolonged obstruction [20].

It has also been shown that stone HU on noncontrast CT
is a factor predictive for SWL success in children: SWL was
more successful for stones with HU <1000 [21]. Two nomo-
gram studies revealed male sex, younger age, smaller stone
size, single stones, non–lower pole location, and negative
history for previous interventions are favourable factors for
stone clearance in paediatric SWL [22,23]. Use of nomo-
grams can provide reliable and numerical information
about stone-free rates and the need for additional proce-
dures in different clinical scenarios.

Cystine, brushite (dicalcium phosphate dihydrate), and
whewellite (calcium oxalate monohydrate) stones respond
poorly to SWL. Moreover, metabolic and anatomic abnor-
malities can have an adverse effect on SWL results. Patients
with metabolic or anatomic problems have significantly
lower stone-free rates (31.7% vs 69.4%) following SWL [15].

Complications arising from SWL in children are usually
self-limiting and transient. The most common are renal
colic, transient hydronephrosis, dermal ecchymosis, urinary
tract infection, Steinstrasse formation, sepsis, and, in rare
cases, haemoptysis.

Preoperative urine culture is always needed. Every effort
should be made to sterilise the urine before performing SWL
or other interventions such as ureteroscopy (URS) and PCNL.

3.2.2. Percutaneous nephrolithotomy

SWL is the first choice for treating most renal paediatric
stones. However, percutaneous renal surgery should be
used for larger and complex stones (Table 1). In most cases,
PCNL is used as monotherapy, but is also used as an adjunc-
tive procedure to other therapies such as URS or/and SWL.
tric stones

tions Comment

Multiple sessions and accesses with PCNL may be needed.
Combination with SWL may be useful.
RIRS may require passive dilatation using JJ stents before the
procedure in younger children; in older children it can be
considered as the primary option.

pen surgeryMultiple sessions with SWL may be needed. PCNL has a similar
recommendation grade.
Multiple sessions with SWL may be needed

Anatomic variations are important for complete clearance after
SWL
Anatomic variations are important for complete clearance after
SWL

The need for additional intervention is high with SWL
Open surgery is easier and has a shorter operative time for large
stones

grade intrarenal surgery; URS = ureteroscopy.
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The use of adult-sized instruments, in association with a
higher number of tracts and sheath size, seems to increase
blood loss. However, with the development of small-calibre
instruments, PCNL has become a good treatment option for
paediatric patients. In children (particularly smaller chil-
dren), PCNL has some advantages, such as a smaller skin
incision, single-step dilation and sheath placement, good
working access for paediatric instruments, variable length,
and lower cost.

As monotherapy, PCNL is considerably effective and safe.
Stone-free rates reported in the literature are between
86.9% and 98.5% after a single session. These rates increase
with adjunctive measures, such as second-look PCNL, SWL,
and URS. Even in complete staghorn cases, a clearance rate
of 89% has been achieved following a single session [24–31].

The PCNL complications most frequently reported for
children are bleeding, postoperative fever or infection, and
persistent urinary leakage. Bleeding requiring transfusion is
reported for less than 10% of cases in modern series and is
closely associated with stone burden, operative time, sheath
size, and the number of tracts [32,33]. In recent studies,
rates of postoperative infectious complications, such as
fever with or without documented urinary tract infection,
are reported as <15% [33] and the cause of fever is not
always found to be an infection.

With the availability of smaller instruments, minia-
turised PCNL (mini-PCNL) through a 16–18F sheath and
ultramini-PCNL through a 12F sheaths have become possi-
ble, with lower transfusion rates [34,35]. It has been shown
that mini-PCNL and super-mini-PCNL have a higher efficacy
quotient with acceptable complication rates, and were
deemed to be a safe alternative to SWL by some authors
[35]. This miniaturisation has been further developed to
achieve micro-PNCL using an 4.85F “all-seeing needle”. This
technique allows stone fragmentation in situ with a laser
and the fragments are left for spontaneous passage
[36]. One study revealed that micro-PCNL provides a similar
stone-free rate with similar complication rates and a lower
additional treatment rate compared with SWL in the treat-
ment of kidney stone disease in children [37]. For stones of
10–20 mm, micro-PNL achieved comparable results to
mini-PCNL with less bleeding [38] and similar outcomes
with fewer anaesthesia sessions compared to RIRS. How-
ever, the number of comparative studies is very limited and
more studies with large numbers of patients are needed to
identify the best treatment modality in particular patient
groups.

Drainage of the kidney after PCNL is classically achieved
with nephrostomy tubes of varying size, depending on the
patient characteristics, operative course, and surgeon pref-
erence. Preoperative sterile urine is important to minimise
the risk of infectious complications. During surgery, there
should be a maximum effort to leave no residual fragments
because of the high recurrence rates; the kidneys are more
mobile in children, which can cause sheath dislocation
because of struggling during tract dilatation and the rela-
tively thin parenchyma. Owing to their small body surface
area, children are more prone to hypothermia and hyper-
volaemia. Therefore, the irrigation fluid should be at body
temperature, the operation should be performed under low
pressure, and extravasation should be observed. The effect
of operative time on complications has not been well stud-
ied; however, we recommend not exceeding 90 min on the
basis of a previous multi-institutional study [33].

As experience with adult cases has accumulated, new
approaches have also started to be applied in children,
including tubeless PCNL. This technique has been used in
uncomplicated surgery for stones <2 cm, with patients left
either with an indwelling catheter or double J stent in the
ureter or totally tubeless [39]. Tubeless procedures can be
performed in patients with a single stone via single access,
with no residual fragments after a straightforward opera-
tion without significant bleeding. Moreover, use of ultraso-
nography to establish access is gaining in popularity [40]
and it has been reported that a supine approach [41] is
feasible in children. The mean postoperative hospital stay is
reported as 3–4 d in all studies—similar to adults—and is
much shorter than for open surgery.

3.2.3. Ureterorenoscopy

The increasing availability of smaller endourology instru-
ments (as small as tip size of 4.5F and shaft size of 6.5F) has
made it possible to manage paediatric ureteral stones using
endoscopic techniques. The technique used in children is
similar to that used in adults. It is strongly recommended
that guidewires are used and the procedure is performed
under direct vision. Routine balloon dilation of the ureter-
ovesical junction and ureteral stenting are controversial. In
general, use of ureteral dilatation is decreasing with smaller
instruments and only in selected cases. There is an increas-
ing tendency to use hydrodilation because it is similarly
effective [42–47].

Different lithotripsy techniques, including ultrasonic,
pneumatic, and laser lithotripsy, have all been shown to
be safe and effective. Owing to the smaller size of the
probes, laser energy is easier to use with smaller instru-
ments and is more useful for paediatric cases [46,47].

All studies reporting on the use of endoscopy for ureteral
stones in children have clearly demonstrated that the risk of
ureteral strictures or reflux with this modality is <1%. The
risk of postoperative hydronephrosis depends on the pres-
ence of an impacted stone and ureteral injury during sur-
gery [48]. A multi-institutional study on the use of semirigid
URS for ureteral calculi in children revealed that the pro-
cedure is effective, with a stone-free rate and efficacy
quotient of 90%. The study also investigated factors affecting
complication rates. The authors found that although oper-
ating time, age, institutional experience, orifice dilation,
stenting, and stone burden were significant factors on uni-
variate analysis, multivariate analysis revealed that operat-
ing time was the only significant parameter affecting the
complication rate [49]. However, semirigid ureteroscopy is
not a good first option for proximal ureteral stones because
of higher complication and failure rates [50].

A literature review included a number of case series on
the use of flexible ureterorenoscopic interventions in chil-
dren. Both intrarenal and ureteral stones can be treated
using this approach. In these series, the authors generally



E U R O P E A N U R O L O G Y F O C U S 8 ( 2 0 2 2 ) 8 3 3 – 8 3 9 837
did not use active orifice dilation, but attempted to use a
ureteral sheath (UAS) where possible. UAS use, which has
the potential benefits of decreasing intrapelvic pressure,
facilitating scope access and increasing the durability of the
instrument, is not always possible because of the small
calibre of the paediatric ureter. However, an important
problem was the inability to obtain retrograde access to
the ureter in approximately half of the cases [51]. This
problem can be overcome by inserting a stent and leaving
it in place for 2–8 wk for passive dilation of the orifice, after
which the procedure is performed in a second session.
Although prestenting seems to increase stone clearance
and decrease complication rates, routine presenting is not
recommended as it requires an additional session under
anaesthesia [52]. Success rates varied between 60% and
100%, with a negligible number of complications
[53,54]. The need for additional procedures was related
to stone size. A comparative study showed that RIRS had
a similar stone-free rate to ESWL after 3 mo, with fewer
sessions; however, for stones larger than 2 cm, RIRS mono-
therapy has lower stone-free rates than mini-PCNL with the
advantages of lower radiation exposure, fewer complica-
tions, and a shorter hospital stay [55]. A systematic review
comparing three endourological interventional methods
(SWL, RIRS, and PCNL) revealed that PCNL has the longest
operative time, fluoroscopy time, and hospital stay and the
highest efficacy quotient, SWL has the shortest hospital stay
and higher retreatment and auxiliary procedure rates
[56]. During the operation, the surgeon should avoid force-
ful manipulations and should consider the risk of increasing
intrapelvic pressure, performing suctioning at regular inter-
vals to decrease the pressure.

3.2.4. Open or laparoscopic stone surgery

Most stones in children can be managed with SWL and
endoscopic techniques. However, in some situations, open
surgery is inevitable. Good candidates for open stone sur-
gery include very young children with large stones and/or a
congenitally obstructed system that also requires surgical
correction. Open surgery may be necessary in children with
severe orthopaedic deformities that limit positioning for
endoscopic procedures.

In centres with well-established experience, a laparo-
scopic approach may be a good alternative for some cases as
a last resort before open surgery. Suitable candidates
include patients with a history of previous failed endoscopic
procedures, complex renal anatomy (ectopic or retrorenal
colon), concomitant ureteropelvic junction obstruction or
caliceal diverticula, mega-ureter, or large impacted stones.
Laparoscopic stone surgery via a conventional or robot-
assisted transperitoneal or retroperitoneal approach can
be attempted. However, there is very limited experience
with these techniques and they are not routine therapeutic
modalities [56].

Bladder stones in children can usually be managed via
endoscopic techniques. Open surgery may also be used for
very large bladder stones or for bladder stones caused by an
anatomical problem.
Patients with an augmented bladder or neobladder and
those who have undergone ureteral reimplantation surgery
represent a special group. In patients with an intact urethra
and a catheterisable Mitrofanoff stoma, the preferred route
for endoscopic stone surgery should be the urethra. In
patients with a neobladder (such as an Indiana pouch) with
no urethral access, a stoma can be used for small stones,
while open surgery via a mini-incision or a percutaneous
approach can be used for large stones. The approach for
children with a history of ureteral reimplantation depends
on the surgical procedure. Retrograde ureteral access for
minimally invasive surgery can be established with flexible
instruments, or an antegrade approach can be used if this is
not successful.

Following elimination of urinary stones, metabolic eval-
uation is strongly recommended. Interventions should be
supported with medical treatment for any underlying met-
abolic abnormality detected. Follow-up with periodic imag-
ing, mostly ultrasonography, is mandatory because of the
high recurrence rates.

4. Conclusions

Extracorporeal SWL is the initial choice for management of
smaller stones. However, for larger stones, minimally inva-
sive endourology procedures such as PCNL and RIRS are
preferred treatment options.

In addition to the advantages and disadvantages of each
treatment modality for specific stone sizes and locations,
clinicians have to consider instrument availability and their
experience with each modality before a technique is chosen.
Recommendations for interventional management are
summarised in Table 1.
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