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Pediatric renal lithiasis in Spain:
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therapeutic challenges, and
perspectives
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Incidence and prevalence of urolithiasis is apparently increasing worldwide, also
among children and adolescents. Nevertheless, robust data have only been
obtained in a few countries. In Spain, a voluntary Registry for Pediatric Renal
Lithiasis has been active since 2015. Irregular participation limits its applicability,
as well as its limitation to patients with a stone available for
morphocompositional study, to obtain data about incidence and prevalence. On
the other hand, findings about typology of stones and clinical and analytical
characteristics of these subjects have been communicated in several meetings.
Other valuable efforts in this field are the elaboration of guidelines for the
collection and processing of urine samples for the study of urolithiasis in
pediatric patients with the consensus of the Spanish Society for Pediatric
Nephrology (AENP) as well as the Spanish Society for Laboratory Medicine
(SEQC), the collaborative network RenalTube for the diagnosis of primary
tubulopathies and the registry of patients with Primary Hyperoxaluria
(OxalSpain). In many hospitals from the public healthcare system, pediatric
nephrologists are the specialists in charge of the management of children with
kidney stones, but there is no formal regulation on this competence. Other
specialists, such as urologists, pediatric surgeons or pediatric urologists, in many
cases do not offer a complete insight into the etiopathogenic mechanisms and
the consequent medical treatment. Access to medication according to
standards of treatment is warranted, provided a correct diagnosis is achieved,
but criteria for the reimbursement of certain therapies, such as RNAi drugs for
primary hyperoxaluria, are arguable.
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Introduction

Incidence and prevalence of renal lithiasis has markedly increased in the last decades in

adults, whether abroad or in Spain (1–3). Nevertheless, epidemiologic data are not

homogeneous across regions, showing relevant differences which could relate to genetic,

environmental or behavioral (including dietetic) factors. Data regarding pediatric patients

are more limited, as it is only in Iceland and the USA that large studies have been

performed. Nevertheless, a remarkable increase has also been observed there (4, 5).

However, clinicians perceive that they must deal with this condition more frequently in

the last years. Several initiatives to increase our knowledge about this condition as well as
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diagnostic skills and tools have been implemented in the last years.

Therapeutic issues will also be discussed in this article.
Epidemiology and trends of pediatric
renal lithiasis in Spain

Prevalence of renal lithiasis in adults has been described as high

as 16% in Andalusia (Spain) (3) or 8.8% in the United States of

America in the period 2007–2010 (2), with an increase up to

11% (95% CI 10.1–12) in the period 2015–2018, according to the

NHANES study (6). A 54% (95% CI 49.2–58.5) were men (6).

Although data from previous decades are missing for the whole

of Spain, there has been a dramatic increase in other countries

(3.2% in 1980 in the USA, for example), which can be probably

extrapolated to our population. Higher prevalence has been

observed in individuals with obesity or diabetes, suggesting

behavioral and environmental factors behind these changes (2).

Pediatric studies in renal lithiasis regarding incidence or

prevalence are scarce but well documented. In Iceland, the mean

annual incidence for population under 18 years old for the

period 1999–2013 was 48/100,000 individuals and year for boys

and 52/100,000 for girls. Annual incidence rose from 3.7/100,000

1985–1989 to a maximum of 11/100,000 in 1999–2005, then

declining to 8.7/100,000 in the period 2010–2013 (4). This

increase was mostly related to a dramatic rising in incidence

among female adolescents (9.8/100,000 at the beginning of the

study, 39.2/100,000 at the end) (4). In the USA, mean annual

incidence in the period 2005–2016 has been estimated in 59/

100,000 people under 18 years old, but with a top 65/100,000 in

the last year of the study (5). A higher incidence in female

adolescents was also observed in this study (5).

In the global population, calcium oxalate is the most common

species in kidney stones. Calcium phosphate is also commonly

found in a variable proportion of the composition. In many

countries, calcium oxalate monohydrate is the most common

type of stone (considering it as the main component) (7). Uric

acid stones are relatively more prevalent in developing than in

industrialized countries (8). Regarding specifically the pediatric

population, in the Icelandic study, all the calcium oxalate stones

accounted for the 60% of the cases in which it had been

analyzed, and struvite only for a 10% (4). A monocentric study

from the Great Ormond Street Hospital (GOSH) in London

(UK) showed a 34% of calcium oxalate stones, 44% of

hydroxyapatite ones, and 13% of struvite (9).

In Spain, no comprehensive or regional data are available in

pediatric population, to our knowledge. An indirect marker for

the burden of the disease, the rate of admissions related to renal

colic, has been suggested to be between 1 and 5/1,000 children

under 15 years of age per year in two Spanish hospitals for the

years 2015–2017 (10). It has been estimated in 1/685 children

under 18 years of age in the USA and 2.5/1,000 in Croatia (11).

In the Balearic Islands, we have the opportunity to estimate in a

relatively reliable way the epidemiologic markers of the disease in

the pediatric age as most of patients are referred to a single

pediatric nephrology unit. In the period 2008–2018, a mean
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annual incidence of 2.5 patients under 18 years of age (1.1 cases/

100,000 people under 18 years of age and year) were diagnosed

with stone available for study (10), 10 out of the 25 patients in

the first four years of the study. Extrapolating the incidence in

Iceland to the population under 18 years old in the Balearic

Islands in 2013 (223,286 inhabitants under 18 years of age), local

incidence should have been about 20 cases per year. Even if we

are only comparing cases with available stone, we could assume

that incidence would not be as high as it is in Iceland. On the

other hand, over a period of 18 months between 2021 and 2022,

a total of 130 patients (prevalent and incident cases) were treated

at the outpatient clinic with conditions from the spectrum of

renal lithiasis (53 of them with nephrocalcinosis or prelithiasic

manifestations: hematuria, cloudy urine, chronic abdominal pain,

recurrent dysuria, recurrent urinary tract infections or overactive

bladder associated through clinical and metabolic workup with

urine crystallization). Considering that this outpatient clinic

receives a total of 1,200 visits per year (including first and

follow-up visits), patients with renal lithiasis and related

conditions represent a significant part of the workload (personal

communication).
National strategies to improve
knowledge in pediatric renal lithiasis

In order to collect more information about renal lithiasis in

Spanish children and adolescents, and to relate

morphocompositional results from the study of kidney stones

with clinical and analytical data, a national registry for patients

under 18 years old was promoted by the Spanish Society for

Pediatric Nephrology (AENP). Data collection started in 2015.

Kidney stones included in this study are analyzed by a single

specialized laboratory. Volunteer participation as well as

bureaucratic issues have limited inclusion of patients, so that it

cannot be applied to obtain reliable data about incidence or

prevalence. Nevertheless, descriptive and analytical data regarding

typology and its relationship with age and other factors have

been obtained. Data from an interim analysis with data until the

end of 2018 were presented in the International Pediatric

Nephrology Association meeting in 2019. Eighty-four stones

from 69 patients had been studied. Seventy-nine percent of them

appeared in males. Diagnosis had been made at a median age of

6.5 years (IQR 3.1–12.7). First-degree relatives with kidney stones

appeared in the 42% of the cases. It is remarkable that only in

51% of the cases, the typical presentation with acute abdominal

pain was observed, probably due to the high proportion of

patients with a short age when a casual finding or unspecific

symptoms are more common. The more commonly observed

types of stones were: calcium oxalate dihydrate (32.5%), struvite

(19.3%), hydroxyapatite (13.3%) and calcium oxalate

monohydrate from cavities (9.6%). The most prevalent metabolic

alterations were: hypercalciuria (43.5%), hypocitraturia (28.6%),

hyperoxaluria (17%). Calcium/citrate ratio >0.33 mg/mg was

found in 44.6%. When dividing the sample in stones from

patients under or above 6 years of age, statistically significant
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differences were observed in the following variables: positive family

history for lithiasis much more common in the oldest ones (53.8%

vs. 91.2%); on the contrary, past urinary infection was much more

common among the youngest (56.7% vs. 14.3%), what was in

concordance with the fact that CAKUT or dysfunctional bladder

appeared in 31% vs. 8.6%, respectively. Spontaneous elimination

was attained in 50% of the youngest but in 80% of the oldest

ones. Diagnosis was more commonly a casual finding under 6

years of age (38.5% vs. 11.4%). Regarding metabolic evaluation of

the patients, several variables were close to statistical significance,

such as calcium to citrate ratio 0.26 [0.11–0.70] vs. 0.43 [0.18–

1.16] mg/mg, higher in the group above 6 years of age. Calcium

oxalate dihydrate stones were found less frequently among the

youngest patients (13.3% vs. 45.7%), but struvite was practically

only observed under 6 years of age (26.7% vs. 2.9%), which is

consequent with the aforementioned clinical and biochemical

characteristics of both groups. That is to say, even if metabolic

factors were common at all ages, urinary infections and

structural or functional abnormalities of the urinary tract played

a role under 6 years of age, but not beyond (12). The typology of

the stones was the one from developed countries (8).

Nevertheless, regional differences are observed comparing this

study with previous ones. Calcium oxalate stones (even taken as

a whole) were less frequent than in the Icelandic study but with

a similar proportion to the study form the GOSH. The

proportion of hydroxyapatite stones was smaller than in the

British study (which showed a remarkably high prevalence).

Finally, the frequency of struvite stones was higher in the

Spanish registry than in the both aforementioned studies (4, 9).

Uric acid stones show a low frequency in the three studies. The

morphocompositional classification in the Spanish registry is

more specific in terms of details, for example regarding calcium

oxalate stones. The classification proposed by Grases et al. is

used for this purpose (13). The registry is still open and a

reanalysis is foreseen.

Other initiatives to improve the knowledge about specific

conditions related to lithiasis are OxalSpain and RenalTube.

OxalSpain is a national registry for patients with Primary

Hyperoxaluria (PH). It can ease contact with a specialized lab for

diagnostic workup and collects clinical and analytical data from

adult and pediatric patients. It aims at giving visibility to this

disease to improve resources for treatment, as well as improve

understanding of the disease.

RenalTube is a national collaborative project with a network-

based registry that collects clinical data of patients with 23

different primary tubulopathies, offering in exchange specific

genetic diagnosis for these patients (14). Some of these

conditions are very frequently associated with nephrocalcinosis

or renal lithiasis, namely Bartter syndrome, familial

hypomagnesemia with hypercalciuria and nephrocalcinosis, distal

renal tubular acidosis, Dent disease, and hypophosphatemic rickets.

Apart from these initiatives, certain centers are collaborating

with other transnational European initiatives. One of them is

OxalEurope (www.oxaleurope.org), a consortium with the

objective of improving detection and treatment of hyperoxaluria

across Europe. Another one is ERKNet (www.erknet.org),
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another consortium focused on rare kidney diseases that

supports ERKReg, a registry for rare kidney diseases including

some of them being causative for monogenic renal lithiasis.

Specifically, subregistries have been settled for distal renal tubular

acidosis, cystinuria and Bartter disease.
Diagnostic procedures: opportunities
to improve clinical and laboratory
practices

An adequate collection and processing of the urine samples are

essential for the diagnostic workup in renal lithiasis. Nevertheless,

which the best sample is, how many samples must be collected and

when, are still controversial topics (15–18). Certain efforts have

been made to achieve a higher consensus in this field (19).

Besides, methodology followed when collecting and processing

urine is variable among centers, and not always attached to the

present recommendations. At least part of these

recommendations is frequently not based on a high level of

evidence (19).

In a national survey conducted in 2017 among pediatric

nephrologists and promoted by the AENP, we observed several

improvement opportunities. Results were presented in the yearly

meeting of the society. A total of 26 responses from 25 centers

were obtained. Only 64% had a protocol about urine collection

for the metabolic workup in renal lithiasis. The type of urine

sample (24 h, 12 h, spot sample) in which the parameters were

measured was variable. Postprandial sample to evaluate effect of

oral intake on calciuria was not commonly performed. pH was

determined exclusively with dipsticks in 84% of the centers,

when real pH can vary up to 0.5 above or below, which is

relevant in certain cases such as in the diagnosis and

management of patients with renal tubular acidosis or with

cystinuria, or in general with the adjustment of alkali (citrate or

bicarbonate) therapy. Only 28% of the responders could rely on

its own laboratory; in the rest of the centers, part of the

parameters had to be determined in other laboratories, thus

being compelled to send urines with the consequent risk of

preanalytical interferences. In certain cases, no measures

(addition of thymol or refrigeration during collection) were taken

to avoid bacterial overgrowth in 24 h or 12 h samples, with the

risk of biasing in certain parameters such as pH or citraturia (20).

AENP decided to contact with the Spanish Society for

Laboratory Medicine (SEQCML) to create a conjoint working

group and elaborate a consensus statement about procedures for

the metabolic workup in pediatric renal lithiasis, including

preanalytical and analytical considerations. The working group

reviewed the literature and found that the level of evidence in

this field was not enough to give graded recommendations.

Previous recommendations from the European Association of

Urology and the American Urology Association, and other

societies, had been published but not from a specific pediatric

point of view, even with certain considerations for children and

adolescents (21–23). Specific guidelines for certain diseases have

been also published. One example is the clinical
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recommendations published by OxalEurope-ERKNet in 2023 for

the diagnosis and management of Primary Hyperoxaluria (24).

Other recommendations can be found but not with the category

of guidelines (18, 25). In general, in the literature, exhaustive

metabolic workup is not universally recommended in adults

although suggested in children. Preanalytical and analytical issues

for each solute and pH are not addressed in a single document.

A document based on the existing bibliography with

recommendations based on the experts’ interpretation of the

reviewed articles was written and published (26). The main

recommendations can be summarized in obtaining multiple

samples (diagnosis cannot be based on a single one), avoiding

bacterial overgrowth during collection, and the need to acidify

urine for the measurement of oxalate and its related metabolites

(but not necessarily during the collection). The exact number of

samples and the possibility of studying periods shorter than 24 h

or using spot samples is discussed remarking their benefits and

limitations (26).

Even if it was not the main objective of the consensus

statement, considerations about processing stones were also

included. Access to a proper study of kidney stones is still

irregular, considering present recommendations (7, 19).

Biochemical analysis is known to be associated to an

unacceptable rate of inaccurate results (19) but it is still

performed elsewhere. Only stereomicroscopy, Fourier-

transformed infrared spectroscopy or x-ray diffraction, or even

better a combination of them, are acceptable techniques for the

morphocompositional study of kidney stones (7, 13). The study

of kidney stones from a combined structural and biochemical

point of view can give significant information on its formation

and evolution under consequent therapies, thus influencing

diagnosis, treatment, prognosis of the disease as well as

preemptive measurements.

This consensus has been specifically elaborated for pediatric

patients. Even if many advises can be applied to adult patients

regarding preanalytical and analytical issues, a complete

applicability is not warranted.
Management of pediatric renal lithiasis

In Spanish pediatric patients, although acute management of

kidney stones is usually performed by pediatric or adult

urologists, it is the role of the pediatric nephrologist to carry out

a metabolic study to evaluate any underlying pathology or

metabolic condition that increases the risk of recurrent lithiasis.

As in adults, general preventive measures to avoid recurrent

stones are mandatory in children. These include increasing

urinary output, avoiding excess oxalate and animal protein

intake, and salt restriction (27). Children with idiopathic

hypercalciuria and recurrent lithiasis are usually treated with

potassium citrate to reduce the available ionic calcium and avoid

crystal aggregation, or a thiazide diuretic to increase tubular

calcium reabsorption. In those cases where hypocitraturia is the

leading defect, treatment with potassium citrate is mandatory

(28). In Spain, potassium citrate is available and reimbursed by
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Potassium citrate powder is licensed as a nutritional supplement

instead of a drug, which hinders its reimbursement. This

complicates the treatment of hypocitraturia in children who are

too young to swallow tablets (potassium citrate tablets are

extended release and cannot be split) but too old to take liquid

forms (because of the high volume due to low concentration of

the solutions).

In pediatric patients with primary tubulopathies,

nephrocalcinosis and/or lithiasis are frequent complications,

usually associated with hypercalciuria and/or hypocitraturia,

which are, to some extent, secondary to the electrolytic defects.

Nephrocalcinosis has been implicated as a risk factor for the

development of CKD over time in some primary tubulopathies,

and efforts are made to revert this situation. In this way, diuretic

thiazides are frequently used in our country to treat

hypercalciuria and nephrocalcinosis in patients with Dent disease

or Familial hypomagnesemia with hypercalciuria and

nephrocalcinosis. Furthermore, a large survey within Europe in

patients with Dent disease reported the use of thiazides in 35%

of these patients (29). However, the success of this treatment in

reverting nephrocalcinosis or in decreasing the rate or speed of

the development of CKD is questionable (30). Some experts also

suggest that volume depletion induced by thiazides in pathologies

that frequently associate polyuria, may worsen renal function

prognosis over time despite achieving a decrease in calcium

excretion and in the incidence of renal stones (31). Finally, renal

lithiasis in children with primary tubulopathies is a risk factor

for recurrent acute pyelonephritis and/or obstructive episodes,

which may in turn increase the risk of CKD over time. Prompt

evaluation and treatment of obstructive lithiasis in these children

is mandatory. In our country, the management of these children

is usually done in tertiary referral hospitals with pediatric

urologists.

Recently, a new prolonged-release formulation of potassium

citrate and potassium bicarbonate (ADV7103), approved for the

treatment of patients with distal renal tubular acidosis above 1

year of age, has shown to improve metabolic control in these

patients (32). In addition, gastrointestinal tolerability was also

shown to be better than with the traditional bicarbonate and

citrate supplements (33). This better metabolic control could

decrease the risk of nephrocalcinosis or lithiasis and its related

complications, although this has not been demonstrated yet.

Distal renal tubular acidosis progresses to CKD in a significant

number of cases over time, with nephrocalcinosis as a significant

and very frequent complication (34, 35). Despite the results

shown, at present ADV7103 is not reimbursed by the public

health system in our country and patients with this disease are

generally treated with the classical bicarbonate and citrate

approach.

Phytate is present in significant amounts in food such as

cereals, nuts and beans. It can help chelating calcium in the

intestinal lumen as well as in the tubules (11, 36). Nevertheless,

it is not widely clinically use and specific dosage and

presentations for pediatric patients are lacking. It can only be

quantified in urine samples in research laboratories.
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Finally, Primary Hyperoxaluria (PH) is a hereditary disorder,

involving the overproduction of oxalate. PH type 1, the most

common form, is caused by a deficiency of the liver

peroxisomal enzyme alanine-glyoxylate-aminotransferase

(AGT), encoded by the AGXT gene. This enzyme catalyzes the

conversion of glyoxylate to glycine. When AGT activity is

absent, glyoxylate is converted to oxalate, which forms insoluble

calcium oxalate crystals that accumulate in the kidney and other

organs. Hyperoxaluria leads to nephrocalcinosis and/or renal

lithiasis, and development of CKD in many cases in the first

decades of life (37). Potassium citrate has demonstrated in

patients with PH to significantly decrease calcium oxalate

saturation, although the ability of this treatment to reduce the

rate of kidney stones or nephrolithiasis, or even the long-term

rate of CKD is unclear (38). This also holds true for patients

with secondary hyperoxaluria due to an increased intestinal

oxalate reabsorption (39). Recently, lumasiran, an RNA

interference (RNAi) therapeutic agent that reduces hepatic

oxalate production by targeting glycolate oxidase, has been

approved by the Food and Drug Administration (FDA) and the

European Medicines Agency (EMA) for the treatment of PH

(40). Lumasiran is administered subcutaneously, and it

specifically targets hepatocytes to silence the HAO1 gene

encoding the glycolate oxidase. This reduces the amount of

glyoxylate which is a substrate for oxalate production. Since

the glycolate oxidase enzyme is upstream of the deficient AGT,

that causes PH type 1, the mechanism of action in lumasiran

is independent of the underlying AGXT gene mutation.

However, lumasiran is not expected to reduce hepatic oxalate

production to the same extent in patients with PH type 2 and

3 (41, 42). Lumasiran has shown to significantly decrease the

levels of oxalate in urine and plasma, compared to placebo

(41). In addition, Lumasiran decreases the rate of

nephrocalcinosis in these patients (43). This will probably

improve the renal prognosis in these patients over time,

Recently, Nedosiran, another RNA interference (RNAi)

therapeutic agent, has been approved by the FDA for children

with PH type 1. Nedosiran inhibits the expression of the

hepatic lactate dehydrogenase (LDH), encoded by the LDHA

gene. This enzyme is thought to be responsible for the

terminal step of oxalate synthesis. Nedosiran could also be

effective in patients with PH type 2 and 3, although results are

inconclusive in these groups (44, 45). In Spain, lumasiran is

indicated (and financed) in children 2 years or older, with

genetic confirmation of the disease, glomerular filtration rate

>45 ml/min/1.73 m2, and no evidence of severe hepatic or

extrarenal disease (Therapeutic Positioning Report PT/V1/68/

2022). However, children diagnosed early in life may develop

severe CKD before the age of 2 years, so that being excluded

from this new promising therapy.
Conclusions and perspectives

Different strategies have been developed in our country to

improve our knowledge about the nationwide epidemiology of
Frontiers in Pediatrics 05
lithiasis in pediatric population as well as in specific

populations (primary renal tubulopathies and primary

hyperoxaluria). A consensus statement has been published

addressing the metabolic workup in the diagnostic approach of

these patients. Commitment from pediatric nephrologists in the

diagnosis, treatment and research in renal lithiasis plays a

crucial role for an adequate management of the patients. New

molecules have been developed in the last years to treat specific

diseases, although reimbursement is controversially limited to

certain cases.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Author contributions

JL: Conceptualization, Funding acquisition, Supervision,

Validation, Writing – original draft. LM: Conceptualization,

Funding acquisition, Validation, Writing – original draft, Writing

– review & editing. MR: Validation, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article.

Funds for the publication of this article were partially provided

by the Department of Pediatrics Foundation (Son Espases

University Hospital) as well as by the grant IT1739-22 from the

Department of Education of the Basque Government, and the

project “PI21/01419”, funded by Instituto de Salud Carlos III

(ISCIII) and co-funded by the European Union.
Acknowledgments

We would like to thank all the community of Spanish pediatric
nephrologists for their commitment with participation in the
aforementioned registries and other collaborative studies. We
would also like to thank Cristina Martin-Higueras for the
information about OxalEurope and OxalSpain and her
commitment with these initiatives, Helena Gil for her support
with the coordination in RenalTube and Dr Félix Grases and the
rest of the Renal Lithiasis Research Laboratory team from the
Balearic Islands University for studying kidney stones for the
national pediatric registry as well as for sharing all their
knowledge in this field.
frontiersin.org

https://doi.org/10.3389/fped.2023.1294319
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Lumbreras et al. 10.3389/fped.2023.1294319
Conflict of interest

JL has received payments for conferences and has obtained

financial support for the attendance to scientific meetings by

Alnylam, Advicenne and Kyowa Kirin. LM has received financial

support for the attendance to scientific meetings by Kyowa-Kirin,

Faes Farma and Pfizer. MR has received financial support for the

attendance to scientific meetings by Ferring and Advicenne.
Frontiers in Pediatrics 06
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Novak TE, Lakshmanan Y, Trock BJ, Gearhart JP, Matlaga BR. Sex prevalence of
pediatric kidney stone disease in the United States: an epidemiologic investigation.
Urology. (2009) 74(1):104–7. doi: 10.1016/j.urology.2008.12.079

2. Scales CDJ, Smith AC, Hanley JM, Saigal CS. Prevalence of kidney stones in the
United States. Eur Urol. (2012) 62(1):160–5. doi: 10.1016/j.eururo.2012.03.052

3. Cano-Castiñeira R, Carrasco-Valiente J, Pérula-de-Torres LA, Jiménez-García C,
Olaya-Caro I, Criado-Larumbe M, et al. Prevalencia de la litiasis renal en andalucía:
resultados del estudio PreLiRenA. Actas Urológicas Españolas. (2015) 39(1):26–31.
doi: 10.1016/j.acuro.2014.02.006

4. Edvardsson VO, Ingvarsdottir SE, PalssonR, IndridasonOS. Incidence of kidney stone
disease in Icelandic children and adolescents from 1985 to 2013: results of a nationwide
study. Pediatr Nephrol. (2018) 33(8):1375–84. doi: 10.1007/s00467-018-3947-x

5. Ward JB, Feinstein L, Pierce C, Lim J, Abbott KC, Bavendam T, et al. Pediatric
urinary stone disease in the United States: the urologic diseases in America project.
Urology. (2019) 129:180–7. doi: 10.1016/j.urology.2019.04.012

6. Hill AJ, Basourakos SP, Lewicki P,WuX, Arenas-Gallo C, Chuang D, et al. Incidence
of kidney stones in the United States: the continuous national health and nutrition
examination survey. J Urol. (2022) 207(4):851–6. doi: 10.1097/JU.0000000000002331

7. Cloutier J, Villa L, Traxer O, Daudon M. Kidney stone analysis: “give me your
stone, I will tell you who you are!”. World J Urol. (2014) 33(2):157–69. doi: 10.
1007/s00345-014-1444-9

8. Alatab S, Pourmand G, El Howairis MEF, Buchholz N, Najafi I, Pourmand MR,
et al. National profiles of urinary calculi: a comparison between developing and
developed worlds. Iran J Kidney Dis. (2016) 10(2):51–61.

9. Issler N, Dufek S, Kleta R, Bockenhauer D, Smeulders N, Van‘t Hoff W.
Epidemiology of paediatric renal stone disease: a 22-year single centre experience in
the UK. BMC Nephrol. (2017) 18(1):1–8. doi: 10.1186/s12882-017-0505-x

10. Fernández LJ. Aportes a la investigación en litiasis renal infantil. Palma de
Mallorca: Universitat de les Illes Balears (2020). Available at: http://dspace.uib.es/
xmlui/handle/11201/154580

11. Moreira Guimarães Penido MG, de Sousa Tavares M. Pediatric primary
urolithiasis: symptoms, medical management and prevention strategies. World
J Nephrol. (2015) 4(4):444–54. doi: 10.5527/wjn.v4.i4.444

12. Rodrigo MD, Lumbreras J, Prieto RM, Costa-Bauza A, Sanchis P, Espinosa De
Los Monteros N, et al. Abstracts of the 18th congress of the international pediatric
nephrology association, Venice (Italy), October 2019. Pediatr Nephrol. (2019) 34
(10):1821–2260. doi: 10.1007/s00467-019-04325-4

13. Grases F, Costa-Bauza A, Ramis M, Montesinos V, Conte A. Simple
classification of renal calculi closely related to their micromorphology and etiology.
Clin Chim Acta. (2002) 322(1–2):29–36. doi: 10.1016/S0009-8981(02)00063-3

14. Mejía N, Santos F, Claverie-Martín F, García-Nieto V, Ariceta G, Castaño L.
Renaltube: a network tool for clinical and genetic diagnosis of primary
tubulopathies. Eur J Pediatr. (2013) 172(6):775–80. doi: 10.1007/s00431-013-1934-6

15. Sáez-Torres C, Rodrigo D, Grases F, García-Raja AM, Gómez C, Lumbreras J,
et al. Urinary excretion of calcium, magnesium, phosphate, citrate, oxalate, and uric
acid by healthy schoolchildren using a 12-h collection protocol. Pediatr Nephrol.
(2014) 29(7):1201–8. doi: 10.1007/s00467-014-2755-1

16. Hoppe B. Editorial commentary: urinary excretion of calcium, magnesium,
phosphate, citrate, oxalate, and uric acid by healthy schoolchildren using a 12-h collection
protocol. Pediatr Nephrol. (2014) 29(11):2065–7. doi: 10.1007/s00467-014-2925-1

17. Morales LJ, Salvador G, Pedret V, Llop ES. Muestras de orina de 24 horas y orina
reciente para la medición de las magnitudes biológicas más comunes. Barcelona:
Comité de Comunicación de la Sociedad Española de Medicina de Laboratorio (2017).

18. Hoppe B, Kemper MJ. Diagnostic examination of the child with urolithiasis or
nephrocalcinosis. Pediatr Nephrol. (2010) 25:403–13. doi: 10.1007/s00467-008-1073-x

19. Williams JC, Gambaro G, Rodgers A, Asplin J, Bonny O, Costa-Bauzá A, et al.
Urine and stone analysis for the investigation of the renal stone former: a consensus
conference. Urolithiasis. (2021) 49(1):1–16. doi: 10.1007/s00240-020-01217-3
20. Lumbreras Fernández J, Rodrigo Jiménez MD, Prieto Almirall R, Sáez-Torres
Barroso MC, Mir Perelló MC, Espinosa de los Monteros-Aliaga Cano N, et al. The
XLII spanish congress of pediatric nephrology : 18-20 may 2017, Madrid, Spain.
Pediatr Nephrol. (2018) 33(4):731–9. doi: 10.1007/s00467-018-3890-x

21. Türk C, Petřík A, Sarica K, Seitz C, Skolarikos A, Straub M, et al. EAU guidelines
on diagnosis and conservative management of urolithiasis. Eur Urol. (2016) 69
(3):468–74. doi: 10.1016/j.eururo.2015.07.040

22. Pearle MS, Goldfarb DS, Assimos DG, Curhan G, Denu-Ciocca CJ, Matlaga BR,
et al. Medical management of kidney stones: AUA guideline. J Urol. (2014) 192
(2):316–24. doi: 10.1016/j.juro.2014.05.006

23. Straub M, Strohmaier WL, Berg W, Beck B, Hoppe B, Laube N, et al. Diagnosis
and metaphylaxis of stone disease: consensus concept of the national working
committee on stone disease for the upcoming German urolithiasis guideline. World
J Urol. (2005) 23(5):309–23. doi: 10.1007/s00345-005-0029-z

24. Groothoff JW, Metry E, Deesker L, Garrelfs S, Acquaviva C, Almardini R, et al.
Clinical practice recommendations for primary hyperoxaluria: an expert consensus
statement from ERKNet and OxalEurope. Nat Rev Nephrol. (2023) 19(3):194–211.
doi: 10.1038/s41581-022-00661-1

25. Hernandez JD, Ellison JS, Lendvay TS. Current trends, evaluation, and
management of pediatric nephrolithiasis. JAMA Pediatr. (2015) 169(10):964–70.
doi: 10.1001/jamapediatrics.2015.1419

26. Lumbreras J, Morales-García LJ, Amil B, Cabrera J, Cantos V, Espinosa L, et al.
Estudio metabólico urinario para el diagnóstico y seguimiento de la litiasis renal en
pacientes pediátricos. Documento de consenso. Rev Española Pediatría Clínica e
Investig. (2020) 75(Suppl I):5–24.

27. Skolarikos A, Straub M, Knoll T, Sarica K, Seitz C, Petřík A, et al. Metabolic
evaluation and recurrence prevention for urinary stone patients: EAU guidelines.
Eur Urol. (2015) 67(4):750–63. doi: 10.1016/j.eururo.2014.10.029

28. Marra G, Taroni F, Berrettini A, Emanuele M, Manzoni G, Montini G. Pediatric
nephrolithiasis: a systematic approach from diagnosis to treatment. J Nephrol. (2019)
32:199–210. . doi: 10.1007/s40620-018-0487-1

29. Burballa C, Cantero-Recasens G, Prikhodina L, Lugani F, Schlingmann K,
Ananin PV, et al. Clinical and genetic characteristics of dent’s disease type 1 in
Europe. Nephrol Dial Transplant. (2023) 38(6):1497–507. doi: 10.1093/ndt/gfac310

30. Raja KA, Schurman S, D’Mello RG, Blowey D, Goodyer P, Van Why S, et al.
Responsiveness of hypercalciuria to thiazide in dent’s disease. J Am Soc Nephrol.
(2002) 13(12):2938–44. doi: 10.1097/01.ASN.0000036869.82685.F6

31. Blanchard A, Vargas-Poussou R, Peyrard S, Mogenet A, Baudouin V, Boudailliez B,
et al. Effect of hydrochlorothiazide on urinary calcium excretion in dent disease:
an uncontrolled trial. Am J Kidney Dis. (2008) 52(6):1084–95. doi: 10.1053/j.ajkd.2008.
08.021

32. Bertholet-Thomas A, Guittet C, Manso-Silván MA, Joukoff S, Navas-Serrano V,
Baudouin V, et al. Safety, efficacy, and acceptability of ADV7103 during 24 months of
treatment: an open-label study in pediatric and adult patients with distal renal tubular
acidosis Klinika za dečije interne bolesti-odeljenje za nefrologiju. Pediatr Nephrol.
(2021) 36:1765–74. doi: 10.1007/s00467-020-04873-0

33. Bertholet-Thomas A, Guittet C, Manso-Silván MA, Castang A, Baudouin V,
Cailliez M, et al. Efficacy and safety of an innovative prolonged-release combination
drug in patients with distal renal tubular acidosis: an open-label comparative trial
versus standard of care treatments. Pediatr Nephrol. (2013) 36:83–91. doi: 10.1007/
s00467-020-04693-2

34. Gómez-Conde S, García-Castaño A, Aguirre M, Herrero M, Gondra L, García-Pérez
N, et al. Molecular aspects and long-term outcome of patients with primary distal renal
tubular acidosis. Pediatr Nephrol. (2021) 36:3133–42. doi: 10.1007/s00467-021-05066-z

35. Lopez-Garcia SC, Emma F, Walsh SB, Fila M, Hooman N, Zaniew M, et al.
Treatment and long-term outcome in primary distal renal tubular acidosis. Nephrol
Dial Transplant. (2019) 34(6):981–91. doi: 10.1093/ndt/gfy409

36. Gambaro G, Croppi E, Coe F, Lingeman J, Moe O, Worcester E, et al. Metabolic
diagnosis and medical prevention of calcium nephrolithiasis and its systemic
frontiersin.org

https://doi.org/10.1016/j.urology.2008.12.079
https://doi.org/10.1016/j.eururo.2012.03.052
https://doi.org/10.1016/j.acuro.2014.02.006
https://doi.org/10.1007/s00467-018-3947-x
https://doi.org/10.1016/j.urology.2019.04.012
https://doi.org/10.1097/JU.0000000000002331
https://doi.org/10.1007/s00345-014-1444-9
https://doi.org/10.1007/s00345-014-1444-9
https://doi.org/10.1186/s12882-017-0505-x
http://dspace.uib.es/xmlui/handle/11201/154580
http://dspace.uib.es/xmlui/handle/11201/154580
https://doi.org/10.5527/wjn.v4.i4.444
https://doi.org/10.1007/s00467-019-04325-4
https://doi.org/10.1016/S0009-8981(02)00063-3
https://doi.org/10.1007/s00431-013-1934-6
https://doi.org/10.1007/s00467-014-2755-1
https://doi.org/10.1007/s00467-014-2925-1
https://doi.org/10.1007/s00467-008-1073-x
https://doi.org/10.1007/s00240-020-01217-3
https://doi.org/10.1007/s00467-018-3890-x
https://doi.org/10.1016/j.eururo.2015.07.040
https://doi.org/10.1016/j.juro.2014.05.006
https://doi.org/10.1007/s00345-005-0029-z
https://doi.org/10.1038/s41581-022-00661-1
https://doi.org/10.1001/jamapediatrics.2015.1419
https://doi.org/10.1016/j.eururo.2014.10.029
https://doi.org/10.1007/s40620-018-0487-1
https://doi.org/10.1093/ndt/gfac310
https://doi.org/10.1097/01.ASN.0000036869.82685.F6
https://doi.org/10.1053/j.ajkd.2008.08.021
https://doi.org/10.1053/j.ajkd.2008.08.021
https://doi.org/10.1007/s00467-020-04873-0
https://doi.org/10.1007/s00467-020-04693-2
https://doi.org/10.1007/s00467-020-04693-2
https://doi.org/10.1007/s00467-021-05066-z
https://doi.org/10.1093/ndt/gfy409
https://doi.org/10.3389/fped.2023.1294319
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Lumbreras et al. 10.3389/fped.2023.1294319
manifestations: a consensus statement. J Nephrol. (2016) 29(6):715–34. doi: 10.1007/
s40620-016-0329-y

37. Cochat P, Rumsby G, Ingelfinger JR. Primary hyperoxaluria. N Engl J Med.
(2013) 369(7):649–58. doi: 10.1056/NEJMra1301564

38. Leumann E, Hoppe B, Neuhaus T. Pediatric nephrology practical pediatric
nephrology management of primary hyperoxaluria: efficacy of oral citrate
administration. Pediatr Nephrol. (1993) 7:207–11. doi: 10.1007/BF00864405

39. Bianchi L, Gaiani F, Bizzarri B, Minelli R, Cortegoso Valdivia P, Leandro G, et al.
Renal lithiasis and inflammatory bowel diseases, an update on pediatric population.
(1885). Available at: www.actabiomedica.it

40. Bacchetta J, Lieske JC. Primary hyperoxaluria type 1: novel therapies at a glance.
Clin Kidney J. (2022) 15(Suppl 1):I17–22. doi: 10.1093/ckj/sfab245

41. Garrelfs SF, Frishberg Y, Hulton SA, Koren MJ, O’Riordan WD, Cochat P, et al.
Lumasiran, an RNAi therapeutic for primary hyperoxaluria type 1. N Engl J Med.
(2021) 384(13):1216–26. doi: 10.1056/NEJMoa2021712
Frontiers in Pediatrics 07
42. Frishberg Y, Deschenes G, Groothoff JW, Hulton SA, Magen D, Harambat J,
et al. Phase 1/2 study of lumasiran for treatment of primary hyperoxaluria type 1: a
placebo-controlled randomized clinical trial. Clin J Am Soc Nephrol. (2021) 16
(7):1025–36. doi: 10.2215/CJN.14730920

43. Sas DJ, Magen D, Hayes W, Shasha-Lavsky H, Michael M, Schulte I, et al. Phase
3 trial of lumasiran for primary hyperoxaluria type 1: a new RNAi therapeutic in
infants and young children. Genet Med. (2022) 24(3):654–62. doi: 10.1016/j.gim.
2021.10.024

44. Baum MA, Langman C, Cochat P, Lieske JC, Moochhala SH, Hamamoto S,
et al. PHYOX2: a pivotal randomized study of nedosiran in primary
hyperoxaluria type 1 or 2. Kidney Int. (2023) 103(1):207–17. doi: 10.1016/j.kint.
2022.07.025

45. Goldfarb DS, Lieske JC, Groothoff J, Schalk G, Russell K, Yu S, et al.
Nedosiran in primary hyperoxaluria subtype 3: results from a phase I, single-
dose study (PHYOX4). Urolithiasis. (2023) 51(1):1–9. doi: 10.1007/s00240-023-
01453-3.
frontiersin.org

https://doi.org/10.1007/s40620-016-0329-y
https://doi.org/10.1007/s40620-016-0329-y
https://doi.org/10.1056/NEJMra1301564
https://doi.org/10.1007/BF00864405
http://www.actabiomedica.it
https://doi.org/10.1093/ckj/sfab245
https://doi.org/10.1056/NEJMoa2021712
https://doi.org/10.2215/CJN.14730920
https://doi.org/10.1016/j.gim.2021.10.024
https://doi.org/10.1016/j.gim.2021.10.024
https://doi.org/10.1016/j.kint.2022.07.025
https://doi.org/10.1016/j.kint.2022.07.025
https://doi.org/10.1007/s00240-023-01453-3
https://doi.org/10.1007/s00240-023-01453-3
https://doi.org/10.3389/fped.2023.1294319
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Pediatric renal lithiasis in Spain: research, diagnostic and therapeutic challenges, and perspectives
	Introduction
	Epidemiology and trends of pediatric renal lithiasis in Spain
	National strategies to improve knowledge in pediatric renal lithiasis
	Diagnostic procedures: opportunities to improve clinical and laboratory practices
	Management of pediatric renal lithiasis
	Conclusions and perspectives
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


