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Epidemiology and pathophysiology
of pediatric lithiasis

Pediatric lithiasis: not a myth!

10-15% of general population
At least one lithiasis during life
30 times more frequent in adults

But children can also be affected
Atypical symptoms in the youngest children, UTI as first symptoms in 16%, 50% familial history
162 children (2 months - 16 years, mean 5.6:0.4, 78 girls)

Presenting symptoms Age of patient at presentation

<1 year 1-5 years >5 years
Hematuria 9 (13.4%) 11 (36.7%) 15 (23.8)
Flank pain or restlessness 11 (16.4%) 4(133%) 26 (41.3%)
uTI 4(13.3%) 4 (6.3%)
Incidentally discovered 6 (20%) 12 (19%)
Other 5(16.6%) 6(9.5%)
Total 30 63

Alpay Pediatr Nephrol 2009

Genetic causes, but not only...

Table 2 Urinary metabolic examination of study group

Metabolic evaluation Percentage®

Hyperoxaluria
H
[ Hypocitraturia + hypercalciuria |

Hyperphosphaturia
Cystinuria
[ Nomal metabolic examination |

[ B |

#Percentage of patients with positive test results among all studied
subjects. In some patients more than one test was positive

Alpay Pediatr Nephrol 2009

Pathophysiology of lithiasis is complex

= Metabolic abnormalities

= Genetic factors

= Environment: NUtrition ++++
= Uropathies

= UTI

= Etc, etc

Lithiasis = an imbalance

Promoting factors Inhibiting factors
Calcium Citrate
Oxalate Magnésium
Acide urique Phosphate
Cystine Protéines
Médicaments Uropontine
Débris cellulaires Néphrocalcine
Nanobactéries Uromoduline

Volume et pH des urines

« pH < 5.3: low solubility: uric acid, cystine, xanthine
e pH>6.5: PhxCa, PAM
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When thinking of a genetic cause of lithiasis?
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Etiologies of pediatric urolithiasis

Pediatric lithiasis

UTRITION

Hereditary diseases

Evolution of lithiasis type with time

Data from Pr Daudon, Necker, 1579 stones between 1987 and 2007

Ratio M/F = 2.04

Age:G=6,3 £54years-F=9,4%£5,5years

Decreased UTl-induced

Increased Ca-dependent
lithiasis in both genders

Changes in medical
management

Changes in nutrition +++

Stechmann Pediatr Nephrol 2009
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Composition of urinary stones in children: clinical and metabolic
determinants in a French tertiary care center
Inclusion: FTIR of the lithiasis in Lyon between 2013-2,17; N=111 patients

Decreased UTI-induced (22%)
Mainly Ca lithiasis

+ Metabolic abnormalities found in

Tta” S ™ 50% of the 70 patients tested
wfornitous Wpain W infoctious hematuriaidysuria W sediment 19% hyperCal
14% hyperoxU

7% Hypocitraturia

= + Some patients were still not
I referred to ped-nephrologists...

« CAKUT and neurological bladder: a
risk factor for lithiasis, but rule out
other risk factors

CA WERUSH wSTR WACP gCY UA gARY Rauturier, EJP 2021

Classification of hereditary lithiasis

Proximal tubulopathies
- Dent disease

Distal and collecting duct tubulopathies
- Bartter
- Hypomagnesemia and hyperCaU (claudin)
- Distal tubular acidosis
- Pseudohypoaldosteronism type 2

Other monogenic diseases
- Cystinuria (1 / 20 000)
- Hyperoxaluria (1 / 120 000)
- Purine diseases (xanthine / dihydroxy 2,8 adenin)

Abnormalities of phosphate/calcium metabolism
- Vitamin D
- PTH
- FGF23

Detusses o phshae cicue metabals




Hereditary lithiasis and hypercalciuria

Table 1 Genetic defects associated with some monogenic forms of hypercalciuria

Discase® Mode of inheritioce”  Gene® Human chromosomal  Reference
location
Idsopathic hypercalciuria
Ad SAC 1q23.3924 3]
Ad VDR 12912-q14 130)
Ad ? 9q33.2-q42 e}
ADHH Ad CcAsk sqt [40]
Hypercakeemia with hyperealciuria Ad CASR sqt ]
Barter syndromes
Type | A SLCI2AINKCC2 15915211 901
Type I A KONJLROMK 1124 1]
Type 1 At CLONKB 193 2
Type IV A BSND 1931 93
Type V Ad cASR [48)
Type VI* Xt cLoNs 1s0]
Dea's discase Xt CLONS 52
Lowe's syndrome Xt OCRLI f60)
HHRH Ac NPT2OSLCHAS 169
Nephrolihiasis, ostcoporosis and hypophosphatemia  A-d NPT2SLCHAL {64]
Familial hypomagnesemia with hypercalciaria At PCLNICLDNIG ml
and nephmcalcinosis
Familial hypomagnesemia with hypercalciaria A+ cLoNie ]
and nephrocalcinosis with oculir abnormalities
ARTA Ad SLCAAIKAEL 172131 1)
ARIA with sensorincural desfacss A ATPBUATPEVIBI  2p13 85)
ARTA with peeserved hearing At ATPENIATPEVOAS  7q34 38

Stechmann Pediatr Nephrol 2009

Evaluation of a lithiasis in pediatrics

Medical history

« Familial history
- Consanguinity
- Lithiasis, deafness
- CKD, dialysis

« Croissance staturo-pondérale, polyuro-polydypsie

« Nutrition: dairy products, calcium, sodium and proteins +++

« Vitamin D supplementation (drug and unlicensed vitamin D « over the

counter »)

« Treatment
« Past of UTI or unexplained fever

Reference values
Matos, Journal of Pediatrics 1997

PICru Ca/Cru Mg/Cr U mol/mol
mol/mol (mg/mg) *  mol/mol (mg/mg) * (mgimg) *
Age - X X X

(ans) Sémepy 95émep Sémep. 95émep §émep. 95émep

<1 12 19.0 0.09 22 04 22
(0.34) (5.24) (0.03) (0.81) (0.10) (0.48)

12 12 14.0 007 15 04 17
5 (0.34) (3.95) (0.03) (0.56) (0.09) (0.37)

23 12 120 0.06 14 03 16
& (0.34) (313) (0.02) (0.50) (0.07) (0.34)

35 12 80 0.05 11 03 13
(0.33) (2.17) (0.02) (0.41) (0.07) (0.29)

57 12 50 0.04 08 03 10
033) | (149) (0.01) (0.30) (0.06) (0.21)

710 12 36 004 07 03 09
- (0.32) 0.97) (0.01) (0.25) (0.05) (0.18)

10414 08 32 004 07 02 07
©22) | (©86) (0.01) (0.24) (0.05) (0.15)

1417 08 27 004 07 02 06
g (021) (075) (0.01) (0.24) (0.05) (0.13)

Reference values slev, Pediatr Nephrol 2010

Az Girls Boys Boys and girls
gowp
(vears)  Central 95%  Upper limit Number  Central 95%  Upper limit Number  Central 95%  Upper limit
reference 90% confidence  of Teference 90% confidence  of reference 90% confidence
interval interval samples  interval interval samples  interval interval
Caleium (mg/mg)
79 001-046 034078 148 001-043  037-060 178 001043 03705
1012 001-031 028040 154 001-030  027-032 177 001030 02803
1315 001031 027-036 165 001029 025031 180 001030 028031
1617 002027 023033 136 001-026 024034 123 001027 024031
Phosphorus (me/me)
79 015144 126163 147 017168 143208 179 0173188 154214
1012 014132 115146 153 014123 1104135 176 0145128 116134
1315 008093 087-104 164 010113 1.00-148 177 0100-1.03  094-1.15
1617 006085  0.75-1.00 133 007-087 075123 123 0069-0.86  0.78-0.94
Total protein (mg/mg)
79 007-030 026034 140 006022 0.19-030 180 006028 025030
10-12 006034  027-043 151 006022 017-028 172 006028 024033
1315 003031 023-039 162 004026 020-038 173 004029 023037
1617 004031 021-035 134 003019 011028 120 003027 020-03

1 mg/dL = 0.25 mmol/L calcium
1 mg/dL = 88.4 pmol/L creatinine

Reference values cameron, Pediatr Nephrol 2005

Table 1 Normal urinary values for children [2,5]

Normal 24-h urine values

Calcium < 4 mg/kg/dayou 0,12-0,15 mmol/kg/j
Oxalate < 40 mg/1.73 m‘/;:iay
Uric acid < 815 mg/1.73 m~/day
Citrate > 400 mg/g cn:a’Lininl:
Cystine < 75 mg/1.73 m7/day
Total volume > 20 ml/kg/day
Normal spot urine values
Calcium/creatinine child < 0.21 mg/mg

Infants < 0.6 mg/mg
Oxalate/creatinine child > 4 years < 0.1 mg/mg

Infant < 6 months < 0.3 mg/mg

Children <4 years < 0.15 mg/mg
Uric acid < 0.53 mg/dl GFR
Citrate/creatinine > 0.51 g/g




Urinary calcium and protein intake and sodium intake...
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Urine analysis on spot

CalCru
+  Creatinuria molimol (mgimg)
+ Lowin neonates A
ae
Sep | 9p
+ Calciuria fans)
+  Absolute (concentration) hypercalciuria : Ca > 3.8 mmol/L . 008 22
« Hypercalciuria : Ca/creat U @003) | (@81)
12 007 15
« Phosphaturia {0.03) (0.56)
« TmP/GFR calculation 23 0.06 14
« TmP/GFR=Pp- [Pux Crp / CrU] {002) | (0.50)
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Matos J Pediatr 1997 / Derain-Dubourg NDT

24 hour urinary collection is a key assessment in

children
+  Volume
«  Creatinuria Age Apports. Calcium Sodium
« Normal 0.15 mmol/kg/jour girl et 0.15-0.18 boy protéiques (mg/day) (mmol/day)
+  Toassess the fiability of the collection (e/day)
0-12 8-10 210-270 5de0at

+  Calciuria months mois et 16 de

« Normal < 0.12 mmol/kg/day (adult 0,1) 7 412 mois

+  Absolute (concentration) hypercalciuria: Ca > 3.8

Absolute 2yrs 1012 500 2
+ Hypercalciuria: Ca/creat U

3yrs 17 500 2
+ Beware of protein and sodium intake...
46yrs 15-18 400-600 79
+  Urinary sodium
/24 hours 7-9yrs 2024 700-900 110
+  Divided by 17 (1 = 17 mmol.. 10-12 27-31 1000-1200 110
«+  Sodium intake in g / day (target = 6) yrs
13-15 36-47 1200 110
+  Urinary urea yrs
* mmol/24 hours 1618 50 chez le 1200 110
« Divided by 5 and by body weight yrs garcon et 44
+ Protein intake: g/kg/day chez ta fille

Oral calcium load: for diagnosis and education...
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=+ non adapted PTH

Mosca M, J Pediatr Urol 2020

Crystalluria and stone analysis are also very
important!

Phosphate de calcium Hypercalciurie

Oxalate de calcium Hypercalciurie (wheddellite, DH)

Hyperoxalurie (whewellite, MH)

Cystine Cystinurie

Urate Anomalie purines
Hyperuricosurie

2,8 dihydroxyadénine Déficit APRT

Xanthine Xanthinurie

Drug-induced lithiasis

Amoxicilline Sulfadiazine

Indinavir Bactrim




Imaging of pediatric lithiasis: to avoid uncessary Imaging of pediatric lithiasis
radiation exposure!

Table 3 Monogenic ctiologses of pediatric rolithiasis with imaging findings

Table 2 Eviologies of secondry pediatic ualithiasis with imaging Frsings Monogesic casses Eiiologes Stone contents Imaging fings

Secandary uroithisis Eiiolngis Stons contents Timaging findings With bypercalciucia Primary " Calciom oval Radbogaque wolithiasis
Nepheoeakincsis

Witk bypercaeiaria Coleium ovalsts oo urolithissts - Variants in 24 hydronylaso geoe Cakcium ol Radiopaque urolthiass

Nephrocalcinasis
Prenatal hyperechogenic kidneys

- High fructose intake

With hyperesaluria Increasing imestinal oxalate shsorption Caleium oxaline Radiopoque urolitiasis i |
Short buwel syndrome
Bariatrc sur,
Exocrine pancreatic insufliciency yndrome
Crobn disese ~Types IU-IV-V Bartier syndrome:
Infestions Bacioria with urease aciivity Strwvie or Conal sruvite lithiasis Cystinuria “Type ! Cysiine Radiopoqoe urolithiasis (Fig. 10)
- Pravens misabilis Casbapati: Fig9) Type2 Astenatal byperechose colon
- Mlebsiela prewmonize Distal rensl wbular acidosis  Genetic sbrormality: 80% of cases Calcium phosphate  Radiopague urolithiasis (Fig. 11)
- Preudomonas Nepheocal
- Staphylococeus aures Renal cysts
- Strepvocaccis prewmoniae
Hyperovaluria “Type ) Calcium owlate  Rodiopagoe urolithiasis (Fig. 12)
latrogenic Loop diurciics Casbapaiie Radiopague urolihiasis Type2 Nephrocalcinonis
Vitamin D “Type3
Vitamin € Purine p Uric acid Radiolucent urolithiasis
wormalities of kidvey - Ureteropedvic junction obsiruction Strwvile or Conal sruvite lithiasis dehciency
et - Newrogenic biadder Cusbapati: Bladder stones Phosphocbasy Ipyphasphatc sypibetase hyper-
- Harseshue kidney activity

- Obstructive renal dysplasia

Hereditary xan

Bernador, Pediatric Radiology 2022 Bernador, Pediatric Radiology 2022

Global management

Hydration, hydration, hydration
. . 0y . . - 2
Management of pediatric urolithiasis 2-3L/m’ perday
To explain, sometimes the only « treatment »+++
Enteral nutrition may be required in the youngest

Increase water intake

Increase potassium intake (veggies and fruits)
Decrease sodium and protein intake

Normal calcium intake +++

Prevention and early treatment of UTI
Vitamine D as daily doses????
If ncessary non-invasive or minimally invasive procedures

More specific management More specific management (focus on cystinuria)
Potassium citrate Potassium citrate: 1 citron = i
1 citron = 47 gr/L de citrate (1 citron donne 60-80 ml soit 2.5-3gr de citrate) Thiazides: beware hypoK, growth retardation and A
100 & 150 mg/kg/j en 3-4 doses theorical risk of skin cancer? L 1000
Toxicité gastrique +++ : a prendre avec une quantité importante d’eau ou a mettre directement dans I’eau de E as.
boisson de la journée Cystinuria: high fluid intake, low sodium diet, €0 0
methionine intake, urine alkalinization to 2
Thiazides: beware hypoK, growth retardation and theorical risk of skin cancer? increase cystine solubility, through a stepwise 525t 3
strategy, thiol derivatives for refractory cases, this B =
last step having the potential to induce severe side H
effects, target pH-U 7.5-8.0 I
B ol 20
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Tuna in of 680 diagnosis to follow-upl. Amn Biol Clin (Paris). 2007:65:473-481 lin
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