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Abstract
According to the study literature, urolithiasis remains one of the
most common nosologies among the child population. In connection
with the global changes in the health status of the population of our
planet, the social significance of urolithiasis has recently acquired new
relevance. The mechanism of stone formation is a complex process;
stones are formed as a result of urine saturation with oxalates, calcium,
uric acid, cystine. Most stones in children are located in the upper urinary
tract. In 15%-25% of cases in children, urolithiasis may be asymptomatic.
Diagnostics today are not difficult. If urolithiasis is suspected, first,
among the instrumental research methods, ultrasound examination of
the urinary tract is used, which identifies both X-ray-positive and X-raynegative stones. Nowadays, not all standards for treating obstructing
stones of the upper urinary tract in children of various sizes and
localizations, as well as the type of pelvis structure, have been defined.
Simultaneously, new trends in treatment may change already existing
standards. It should be noted that in the modern world and ways of
metaphylaxis urolithiasis in children studied insufficiently. In the world
literature, there is insufficient information on predicting the occurrence
of recurrence of urolithiasis and ways to eliminate them. This literature
review examines the epidemiology, etiopathogenesis of urolithiasis,
diagnosis, existing treatment standards and metaphylaxis. Methods of
active tactics of treatment of obstructive stones of the upper urinary
tract are analysed in more detail.
Key words: urolithiasis in children, etiopathogenesis, kidney stones,
prevalence, diagnosis, treatment, metaphylaxis

Introduction

Urolithiasis of the upper and lower urinary tract is a
widespread disease, despite the fact that this pathology has
been known since ancient times (in 1901, the archaeologist
Smith found a bladder stone near the Egyptian village of
El Amrah in a mummy buried 7000 years ago). Currently,
urolithiasis is called a disease of civilization, since the
factors that contribute to the increase in growth include
modern living conditions, such as physical inactivity,
leading to metabolic disorders, unbalanced nutrition. The
prevalence of urolithiasis in some countries has increased
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by more than 7 times over the past century (Apolikhin O.I.,
2017). It should be noted that an increase in the incidence
of urolithiasis is noted in all age groups. According to
the results of a comprehensive epidemiological study by
Romero in 2010, the incidence of urolithiasis over the past
20 years in economically developed countries such as the
USA, Germany, Italy, Spain and Japan has doubled, with a
progressive increase in this indicator in those years. [1]. In
our country, according to Alchinbaev M.K. (2016) among
the adult population, there is an increase in the incidence
of urolithiasis in the region from 42.3 per 100 thousand of
the adult population in 2000 to 76.6 per 100 thousand of
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the population in 2015 [2]. It should be noted that when studying
scientific publications over the past 20 years, there are no data
on the frequency of urolithiasis in children in our country. In
Russia, the incidence of urolithiasis in children is 19-20 cases,
and in adolescents it reaches 80-90 cases per 100 thousand of
the child population (Alyaev Yu.G., 2004). Other authors, such
as Straub M., Gschwend J., Zorn C. (2010), also note an increase
in the incidence of the disease in those periods, especially in
children under the age of 1 year [3,4].
According to the information of the National Health and
Nutrition Examination Survey (NHANES), which helps analyze
trends in the prevalence of kidney stones in the United States,
shows that the prevalence increased from 5.2% between 19881994 to 8.8% between 2007-2010 [5]. Thus, urolithiasis is a
widespread disease, which tends to increase from year to year.
Despite the fact that urolithiasis has been studied for a long
time, today there are no exact comprehensive unified scientific
points of view about the etiopathogenesis of this pathology.
Exogenous and endogenous factors contribute to the
stone formation. Exogenous factors include environmental
and climatic conditions of the environment (air humidity,
temperature fluctuations, precipitation and the influence of
insolation), peculiarities of the chemical composition of soil and
water, nutrition, social factors (physical inactivity).
Endogenous causes include genetically determined
hereditary factors, endocrine disorders (hyperparathyroidism),
diseases of the digestive tract (malabsorption syndrome, Crohn's
disease), abnormalities of the urinary system, urinary infections.
There are many theories explaining the causes and
mechanisms of pathogenic stone formation. The main ones are:
microbial theory (Meckel, 1856); physical and chemical theory
(Ultsman, 1890); the theory of colloid-crystalline equilibrium
(Lichwitz and Schade, 1889); Matrix Theory (Randal, 1936). It
is worth noting that all theories of stone formation are united
by the main condition - the presence of urine supersaturation
with stone-forming substances (minerals) and indicators, more
precisely, the stability of the urine reaction (pH).
It is known that the stone formation initially begins in the
renal collecting system, terminal collecting ducts, or attached to
the renal papillary surface or epithelial surface of the terminal
collecting ducts [6].
In 1937, Randall suggested that kidney stone formation
"requires an initial injury that precedes kidney stone formation"
[7]. He reported that 17% of the 429 pairs of kidneys examined
at autopsy had "calcium deposits on the walls and intertubular
spaces of the renal papilla". He also described these plaques as
the "natural process of repairing a type of tubular injury". After
dissecting 1,154 pairs of kidneys, Randall found that 19.6%
showed signs of calcified lesions in at least one renal papilla
and 65 kidneys had a primary kidney stone attached to the
papillary plaque [8, 9]. He hypothesized that interstitial calcium
phosphate (CaP) and calcium carbonate deposits break out on
the renal papilla surface and form a type I precalculus lesion
[8], now known as Randall's plaques [10]. He also suggested
that excessive urinary supersaturation, or "hypersecretion",
leads to salt crystallization of stone formation and clogging of
the collecting ducts, creating a type II precalculus lesion [9],
now known as Randall's plaque [11]. Thus, Randall proposed
two pathways for the formation of kidney stones. The first is
through changes in the renal parenchyma and the formation
of Randall's plaques, and the other, requiring changes in urine
composition or supersaturation, leading to the development of
Randall's plaques.
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Khan et al. performed detailed scanning (SEM) and
transmission electron microscopy (TEM) analysis of RPL and
renal papillary tissue at the calculus attachment site. The plaque
looked like a small ledge. SEM analysis showed that plaques
were aggregates of spherical CaP crystals mixed with fibers of
various thicknesses and other cellular products [12].
Sidorenko S.V. (2001) indicates the infectious genesis
of stone formation in his work. Solkh R.M., Andryukhin M.I.,
Makarov O.V., Fedchenkov V.V. (2017) studied pathogenic
urease-producing bacterial strains, in particular intestinal strains
[13]. The cascade of reactions in the interaction of uropathogenic
microorganisms and urothelium cells leads to disruption of the
assembly of new villi and the expression of E. coli virulence
genes [14-17].
In their works, the authors Carla G. Monico, Dawn S.
Milliner (2011) describes the genetic determinants of urolithiasis,
in particular idiopathic (polygenic and monogenic) forms of
urolithiasis, which are caused by various disorders in the gene
locus. For the common polygenic form of urolithiasis, studies
of familial relationships and candidate genes have revealed
abnormalities in calcium metabolism. It should be noted that
monogenic forms of urolithiasis are mainly found in children
and adolescents [18].
In few previous studies, 50-60% of cases of urolithiasis
are inherited predisposition; the probability of developing in
patients of the first-degree relatives and more distant family
members has been estimated at 15% to 65%, while 5-20% has
relatives being affected by this disease [19]. In 65% of patients
with calcium nephrolithiasis and in 70% with hypercalciuria
may have a family history of the disorder [20]. More than 80
monogenic forms of urolithiasis are known, for example,
xanthinuria, primary hyperoxaluria, cystinuria types A, B and
AB, metabolic disorders of 2,8-dihydroxyadenine, LeschNyhan syndrome and others [19, 21]. However, the main form
of urolithiasis represented by polygenic inheritance [22].
Urolithiasis can be classified according to location, size,
aetiology of formation, composition, and risk of recurrence.
According to the European Association of Urology guidelines
for urolithiasis, upper urinary tract stones can be classified
according to size, as ≤5 mm, 5–10 mm, 10–20 mm, and> 20 mm
[19]. Stones can be classified according to anatomical position: in
the calyx (upper, middle, lower), renal pelvis, ureter (proximal,
middle, and distal) and urinary bladder. The composition and
density of urinary stones can be assessed using native-computed
tomography, which determines the X-ray density of stones in
Hounsfield units. Based on the results of determining the density
of stones, they are divided into 4 groups: 1) the density of stones
is up to 500 units. H; 2) the density of stones is from 501 to 1000
units. H; 3) the density of stones is from 1001 to 1500 units. H;
4) the density of stones is over 1500 units. H.
It should also be noted that according to the radiological
characteristics, the stones are divided into radiopaque ones:
calcium oxalate dihydrate, calcium oxalate monohydrate,
calcium phosphate; low-contrast: magnesium and ammonium
phosphate, apatite, cystine; non-contrast: uric acid, ammonium
urate, xanthine, 2,8-dihydroxyadenine, medicinal stones (Table
1).

By chemical composition:

- Inorganic: calcium oxalate, calcium phosphate,
ammonium magnesium, calcium carbonate.
- Organic: uric acid, ammonium urate, protein calculi:
cystine, xanthine, 2,8-dihydroxyadenine. [23]
About 80% of urinary stones are calcium, most of which
are calcium oxalate [24].
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Table 1

The characteristic features of the most common urinary tract stones

Composition

Frequency of the
occurrence

Radiological characteristics

CT appearance (X-ray
density of stones) in
Hounsfield units (H)

Aetiological Factors

40-80%

Radiopaque

1700-2800Н

Metabolic disorders
(idiopathic hypercalciuria or
hyperoxaluria)

Hydroxyapatite (calcium
phosphate)

20-60%

Radiopaque

1200-1800Н

No metabolic abnormality

Brushite

2-4%

Radiopaque

1700-2800Н

Not associated with
urinary tract infection

Uric acid

5-10%

Non-contrast

200-450Н

Idiopathic hyperuricemia

Struvite

5-15%

Radiopaque

600-900 Н

Renal infection

Cystine

1-2,5%

600-1100Н

Renal tubular defect

Calcium oxalate
monohydrate/dihydrate

Low-contrast

Clinical manifestations

The most common manifestations of urolithiasis in children
are abdominal pain, dysuria, vomiting, oliguria, haematuria,
pyuria, and urinary tract infections. Macroscopic or microscopic
haematuria can be found in 90% of children with urolithiasis.
In a series of studies by Bayen M., Hamdi L., Hamdi A. et
al. (2017), urinary tract infection and abdominal pain were the
main clinical signs of urolithiasis in children. Most children with
urolithiasis have a positive family history. 29.5% of patients had
a family history of urolithiasis, which was an important factor in
the etiological study and diagnosis of urolithiasis [25].
In 15-25% of cases in children, urolithiasis may be
asymptomatic, which requires more attention [26]. It should
be noted that, in infants, general symptoms of urolithiasis
prevail, such as vomiting, nausea, abdominal pain without
clear localization, while in school-age children, pain can be
characterized as attack of acute pain in the form of renal colic.
According to the study literature, approximately 80% of urinary
tract calculi can be excreted spontaneously [27].
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Pyuria is an almost constant symptom of urolithiasis. A
pathological sign of urolithiasis is the excretion of stones in the
urine. Spontaneous discharge of stones has observed in 51.21%
of children [25]. The diameter of these stones is usually 4-5
mm; however, in children, stones with a diameter of 9-10 mm
may be discharged spontaneously, which is related to the greater
elasticity of the urinary tract [4].

Diagnostics

With the introduction of modern ultrasound devices, X-ray
research methods, at present, the diagnosis of urolithiasis does
not cause any difficulties.
The simplest, non-invasive, readily available method
for diagnosing urolithiasis is ultrasound (ultrasound). B-mode
ultrasonography can detect stones in the kidney, in the proximal
ureter at about the height of the inferior pole of the kidney, and
in the distal ureter. As a rule, stones in other segments of the
ureter cannot be visualized due to intestinal gas. The expansion
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of the calyx-pelvis system is an indirect sign of a kidney
stone. The sensitivity and specificity of ultrasound diagnostics
of nephrolithiasis is approximately 61–93% and 95–100%,
respectively. The accuracy of ultrasound examination for
urolithiasis in children is also different. Stones could be found in
33-100% of cases. The information content of detecting stones
by ultrasound is much higher in the kidneys than in comparison
with the ureter [28].
Intravenous urography can reveal radiopaque stones.
This method allows you to assess the excretory and evacuation
function of the kidneys. According to the study literature, the
specificity of urography is 82%, and the sensitivity is 69% [29].
With obstructing stones of the upper urinary tract, an increase in
the renal cavity system (calyx, pelvis) is noted, manifests itself
in the form of secondary hydronephrosis.
Non-contrast computed tomography (NСT) is a method
with the highest sensitivity of 91–100%, corresponding to
specificity (95–100%, respectively) for examining ureteral
stone. Using thin sections (<5 mm) to detect small stones. Noncontrast CT is superior to all other imaging techniques [30,31].
The measurement of density (Hounsfield unit) also facilitates the
assessment of stone composition, which is important for treating
urolithiasis [32].
However, the radiation dose in non-contrast computed
tomography is about 2.8-5.0 mSv [33], which is significantly
higher than with traditional radiological methods. Because
children with urinary stones are at a high risk of recurrence in
their lifetime, they are likely to need multiple stone examinations
over the course of their lives. Therefore, radiation exposure is an
important issue in pediatric urology. Kuhns et al. calculated that
the ratio of the risk of abdominal and pelvic cancer due to a
single tubing for stones to the risk of natural cancer during the
child's life is from 2/1000 to 3/1000 [34].
During the last decade, examination protocols with lower
doses of radiation (the so-called ultra-low dose tubing) have
been developed. However, this term is not standardized. Using
these protocols, the radiation dose can be reduced to about
1–2.2 mSv [35, 36]. However, the informative value decreases,
especially with regard to the composition of the stone (measured
in Hounsfield units), which jeopardizes the effectiveness of the
treatment.
In addition, computed tomography makes it possible to
assess the condition of the renal parenchyma, the presence of
anomalies of the urinary system, more accurate localization of
the stone, the density and volume of the calculus, which is an
important step in planning treatment.
The laboratory methods for the study of urolithiasis
include, in addition to a general blood test, a cogaulogram, a
general urine analysis, the following methods are included: urine
pH-metry, urine sediment study for leukocytes, erythrocytes,
salts and bacteria; creatinine clearance; bacteriological culture
of urine.
A complex of biochemical studies makes it possible to
determine compounds such as calcium, phosphorus, magnesium
and uric acid in blood serum and daily urine. In the scientific
literature, a number of specialists indicate the advisability
of determining oxalates and amino acids (cystine) in urine
[37, 38]. X-ray crystallography or infrared spectroscopy;
electron microscopy is currently used to study the chemical
composition of a stone. These methods have both advantages
and disadvantages. The advantages of infra-red spectroscopy
are the speed of obtaining spectra of sufficient specificity, while
using the minimum amount of the investigated material.
The combination of infrared spectroscopy and X-ray
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examination makes it possible to perform not only the
qualitative, as well as the quantitative composition of the
samples, determining the structure of the urinary calculus and
the quantitative proportions of the constituent elements.

Treatment

Stone healing is mentioned in ancient Egyptian medical
scriptures from 1500 BC. The first urinary stones were found
in Egyptian mummies 4000–5000 BC. Between the 5th and the
3rd centuries BC, doctors vowed to refrain from operations with
stones, since the Hippocratic Oath states: “I will not use a knife
even for patients with stones, but I will give it up in favour of
those involved in this work.” In the Middle Ages stone removal
operations were performed by surgeons called lithotomists. For
500 years lithotomists travelled around Europe with their stonecut “lithotomy tables.” In 1561, Pierre Franco performed the
first suprapubic lithotomy to remove a stone in the bladder.
Advances in the treatment of urolithiasis in children were
revolutionary with the development of shock wave lithotripsy
in the early 1980s, making it the treatment of choice for most
upper urinary tract stones. Although recent advances in the
improvement and modification of modern endoscopic equipment
and techniques, treatment options and subsequent access to the
urinary system have expanded. Extracorporeal shock wave
lithotripsy is indicated for children without anomalies of the
urinary tract and musculoskeletal system, with a stone size of
up to 1 cm. Although there is data in the literature where ESWL
was used for stones measuring 1.5-2 cm, this approach should
take into account repeated ESWL sessions to achieve complete
extraction of stones "stone-free rates" [39-42]. Some studies
report that the frequency of complete stone clearance for isolated
stones in the lower calyx group varies from 50% to 62% [43-45].
For large and coral stones, as well as for stones in the lower
calyx group, the use of ESWL is limited.
In 1929 Young was the first to report ureteroscopy. Since
then, methods have been developed to avoid open surgical
procedures and the need for “faceting”.
Surgical methods of treatment are used for obstructing
stones of the upper urinary tract. Over the past 20 years, a major
breakthrough has been made in pediatric urology in the treatment
of urolithiasis in favor of the use of endoscopic treatments such
as ureteroscopy, intrarenal retrograde surgery, and transurethral
ureteroscopic lithotripsy/lithoextraction.
Recent literature reported, in the last decades, percutaneous
nephrolithotripsy (PNL) is used by urologists with stones more
than 2 cm, coral, large stones. The effectiveness of treatment
when using PNL in children, according to various authors, was
50–98% [46, 47]
PNL is the treatment of choice for kidney stones> 2 cm
[46, 47] and for cystine and whewellite stones [47]. Due to
the miniaturization of instruments (so-called mini-, micro-,
ultramini-PNL), indications have also expanded to include
smaller kidney stones (10–20 mm) and lower calyx stones (>
10 mm) [48].
Over the past 20 years, open surgical interventions in
developed countries have been used in exceptional cases, such
as unsuccessful repeated endoscopic methods for removing
stones, anomalies of the urinary tract, and strictures of the ureter.
Urologic Diseases of America, funded by the National
Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK), estimated the annual cost of kidney stones at $ 10
billion in 2012, making it the most costly urological disease.
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Metaphylaxis

Special attention should be paid to the prevention of
recurrence of urolithiasis. In particular, to infectious stones,
so according to Iqbal M., 2013, the recurrence rate for these
groups of stones reaches 15%. The risk of recurrence of kidney
stones after treatment of infectious stones reaches 100% (Johri
N., 2010; El-Nahas A., 2012). Which is explained as follows:
bacteria can stay in kidney stones for a long time in the biofilm
after crushing; the remaining small residual fragments form
the nucleus of the stone, a new center of stone formation,
which serves as a matrix for precipitating salts. The concept
of metaphylaxis includes a complex of dietary, phytotreatic,
medicinal, general health measures aimed at preventing the
occurrence of recurrent stones. Metaphylaxis should start
with general measures such as adequate fluid intake, balanced
nutrition, treatment of concomitant diseases, phyto-prevention,
and normalization of work and rest.
Metaphylaxis may primarily involve regulating fluid
intake and diet. Increased fluid intake increases the volume of
urine and prevents oversaturation and crystallization of crystals.
In children, the fluid intake required for adequate diuresis should
be calculated per 1.5 L/m2 body area. Sugary drinks should be
avoided as liquids containing glucose and fructose increase the
excretion of calcium and oxalate. In addition, fluid intake should
be spread throughout the day. Therefore, in stone metaphylaxis,
water intake is the approach that has the best cost-benefit ratio
[49]. However, it is impossible to control children's fluid intake
at school and in general, children do not adhere well to the rules
of hydration. Because fluid requirements depend on temperature
and activity level, parents may be advised to monitor hydration
based on urine color and density, if possible. The density of
urine, many times higher than 1010, indicates insufficient fluid
intake [50].

Conclusion

Despite the fact that the problem of urolithiasis has
been studied for centuries, many questions remain open, in
particular etiopathogenesis, the rapid progressive development
of urolithiasis in children and metaphylaxis. If we talk about the
diagnosis of urolithiasis, clinical signs in children can be erased,
however, changes in urine tests should alert the clinician, send
a child suspected of urinary tract pathology for an ultrasound
examination, which allows to identify stones, both X-ray positive
and X-ray-negative calculi. For obturation stones of the upper
urinary tract, according to this literature review, percutaneous
lithotripsy is the first-line surgical treatment. In the last decade,
endoscopic devices have been improved, instruments have
been minimized, which makes it possible to use this method
for removing stones in all age groups of children. Every year,
the number of morbidity and prevalence of this pathology
is increasing, which entails large financial costs. In modern
urology, much attention is paid to minimally invasive methods
of treatment; unfortunately, there are little data on metaphylaxis
in the world literature. According to the study literature, there is
information about general measures for preventing recurrence
of stone formation. Urolithiasis is a multifactorial, polyetiologic
disease, therefore, in the management of this pathology, the
approach should be multidisciplinary, patient management
should be individual.
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