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significant morbidity and damage to the kidney. Although much information
on adult urolithiasis is available in the literature, large studies on the pediatric
population are still scarce. In this report, we review our experience with pediatric
urolithiasis over 22 years at a tertiary referral center.

Method: We retrospectively reviewed the records of children with newly diagnosed
urolithiasis between January 1991 and May 2013. We assessed the age, sex,
family history, initial symptoms, location of stones, underlying cause, stone analysis,
treatment, and recurrence among the patients.

Results: In total, 137 patients (96 male, 41 female) were assessed. The age range
was 0-17 years (mean age, 6.0 years). Forty-three (31%) children were aged
<1 year, and 37% (16/43) had a history of intensive care unit (ICU) admission.
Thirteen patients (9.5%) had a family history of stones. The most common
symptoms at presentation among the patients were gross hematuria (56/137,
419%) and flank or abdominal pain (46/137, 34%). The stones were located in the
kidney (85/137, 62%), ureter (29/137, 21%), bladder (2/137, 1.4%), and multiple
locations (20/137, 15 %). Congenital abnormalities of the genitourinary (G-U)
tract, with or without metabolic abnormality, or urinary tract infection (UTI) was
detected in 26 children (19%). Ninety-one patients (66%) underwent metabolic
examination, and 38% of these patients exhibited an abnormality. UTI, with or
without abnormalities of the G-U tract, or metabolic abnormality was detected
in 26 children (19%). Of the 35 stones analyzed, the majority were calcium
stones (20/35, 57%), followed by infected stones (5/35, 14%), uric acid stones
(4/35, 11%), carbonate apatite stones (3/35, 7%), cystine stones (2/35, 6%), and
phosphate stones (1/35, 3%). Five patients (4%) required open procedures, with
or without non-open procedures, whereas 77 patients (56%) were managed
conservatively; the remaining 55 patients (40%) received some other form of
intervention. Eighteen patients (13%) had stone recurrence during the follow-up
period.

Conclusions: Pediatric urolithiasis is commonly associated with abnormalities
of the G-U tract and/or metabolic disorders and/or UTI. Half of the patients will
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pass their stones spontaneously, and all the techniques of minimally invasive surgery are applicable in the treatment of children
with stones. As the recurrence rates are high among this population, long-term follow-up is recommended and the complete

clearance of stones is important.
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Fig. 1. Age and sex distribution of patients with urolithiasis.
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Fig. 2. Initial clinical presentations of pediatric patients with
newly identified urolithiasis. *UTI, urinary tract infection.
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Table 1. Location of Stones

Location No. (%)
Kidney 82 (60%)
Rt 33
Lt 26
Both 22
Undetermined 1
Ureter 30 (22%)
Proximal 14
Middle 0
Distal 15
Undetermined 1
Bladder 2 (1.4%)
Kidney+ureter 14 (10%)
Ureter+bladder 2 (1.4%)
Kidney+bladder 1 (0.7%)
Kidney+ureter+ bladder 1 (0.7%)
Kidney+urethra 1 (0.7%)
Ureter+urethra 1 (0.7%)
Undetermined 3 (2.2%)
Total 137 (100%)

Abbreviations: Rt,, right; Lt., left.
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Table 2. Causes of Urolithiasis and Recurrence

Younger than Older than Total Recurrence
1 year-old 1 year-old

Metabolic disorders 5 (120%) 19 (20%) 24 (18%) 5
Hypercalciuria 3* 16 19 3
Hyperuricosuria 1 1 2 1
Hypocitraturia 0 1 1 0
Hypercalciuria+Hyperuricosuria 1 1 2 1

uTl n (260/0)i 6 (6%) 17 (18%) 4

Structural anomalies 5 (120%) 9 (10%) 14 (100%) 1
Hydronephrosis 1 2 8 0
upPJO 2 1 3 0
Probable UPJO 0 1 1 0
s/p VUR op. 0 1 1 1
Probable calyceal diverticulum 1 1 2 0
Duplication of urinary tract 0 1 1 0
Horseshoe kidney+Hydronephrosis 0 1 1 0
Renal cyst 0 1 1 0
Intrarenal hematoma, megaureter 1 0 1 0

Structural anomalies+Metabolic disorder 1 (2%) 5 (5%) 6 (4%) 1
s/p UPJOt op.+Hydronephrosis+Hypercalciuria 0 1 1 1
Duplex Kidney+Malposition and malrotation of kidney+Hypercalciuria 0 1 1 0
Calyceal diverticulum+Hyperoxaluria 0 1 1 0
Renal cyst+Hypercalciuria 0 1 1 0
Probable multicystic nephroma+Hypercalciuria 0 1 1 0
UPJO-+Hypercalciuria+Hyperuricosuria 1 0 1 0

Structural anomalies+UTI 4 (9%) 1 (1%) 5 (49%) 1
VUR+UTI 3 0 3 1
Duplication of the urinary tract+UTI 0 1 1 0
Renal cyst+UTI 1" 0 1 0

UTl+Metabolic disorder 2 (5%) 2 (29%) 4 (39%) 1
UTl+Hypercalciuria 1 2 3 1
UTI+Hypercystinuria 1 0 1 0

Structural anomalies+Metabolic disorder+UTI 0 (0%) 1 (19%) 1 (19%) 1
Rt. Kidney atrophy,+Both hydronephrosis+Hypercystinuria+UTI 0 1 1 1

Furosemide-+foreign body 0 1(1%) 1 (1%) 0

Furosemide (without structural anomalies,metabolic disorder or UTI) 4 (9%)" 0 (0%) 4 (3%) 0

Idiopathic 11 (26%) 50 (53%) 61 (45%) 4

Total 43 (100%) 94 (100%) 137 (100%) 18

*1 of 3 patients was preterm neonate treated with furosemide.
TAll of them were preterm neonates treated with furosemide.
¥2 of 11 patients were preterm neonates treated with furosemide.

$The patient was UPD 14. He needed intensive care because of multiple anomalies and treated with furosemide.
Abbreviations: UPJO, ureteropelvic junction obstruction; VUR, vesicoureteral reflex; UTI, urinary tract infection; Rt., right.
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Type of stones, No.(%)

Calcium Infected  Uric acid Carbonate Cystine  Phosphate
stone stone stone apatite stone stone stone

uTl 4 3 0 3 0 0
Metabolic disorders

Hypercalciuria 3 0 0 0 0 1

Hyperuricosuria 0 0 1 0 0 0

Hypercalciuria+Hyperuricosuria 1 0 0 0 0 0
Structural anomalies

Duplication of urinary tract 1 0 0 0 0 0

Renal cyst 0 1 0 0 0 0
UTl+Metabolic disorder

UTIt+Hypercalciuria 1 1 0 0 0 0

UTl+Hypercystinuria 0 0 0 0 1 0
Structural anomalies+UTI

VUR+UTI 1 0 0 0 0 0

Duplication of the urinary tract+UTI 0 1 0 0 0 0
Structural anomalies+Metabolic disorder+UTI

Rt. kidney atrophy+Both hydronephrosis+Hypercystinuria+UTI 0 0 0 0 1 0
Furosemide 1 0 0 0 0 0
Idiopathic 9 0 3 0 0 0
Subtotal 21 (57%) 6 (16%) 4 (11%) 3 (8%) 2 (5%) 1 (3%)
Total 37 (100%)

Abbreviations: UTI, urinary tract infection, UPJO, ureteropelvic junction obstruction, VUR, vesicoureteral reflex, Rt., right.
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Table 4. Treatment of Stones

Treatment No. (%)
Open procedure* 2 (1%)
Open extended pyelolithotomy 1
Open cystolithotomy+0Open pyelolithotomy 1
Nonopen procedure 46 (34%)
PCNL 1
Endoscopic procedure 7
Cystolitholapaxy 3
Ureterolithotomy 3
Lithoclast 1
ESWL 37
Unknown 1
Combination procedure 9 (7%)
Lt ureterolithotomy/Rt nephrectomy* 1
ESWL+O0pen extended pyelolithotomy* 1
Bilat. Reimplantation*/ESWL+Transurethral lithotripsy 1
ESWL+Laparoscopic ureterolithotomy 1
Uretheroscopic urethral stone removal+ESWL+PCNLt+Ureteroscopic ureterolithotomy 1
ESWL+PCNL+Ureteroscopic lithotripsy/PCNL+ESWL+Ureteroscopic ureterolithotomy 1
PCNL+Ureteroscopic lithotripsy+ESWL 1
ESWL+Ureteroscopic stone removal 1
PCNL+ESWL 3
ESWL+Urethral stone extraction 1
Conservative management 77 (56%)

Total

137 (100%)

*open procedure.

Abbreviations: PCNL, percutaneous nephrolithotomy, ESWL, extracorporeal shockwave lithotripsy, Lt., left.
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