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Abstract Öz 

Purpose: The incidence of pediatric 
nephrolithiasis/urolithiasis (NL/UL) has increased in the 
last few decades due to dietary habits and a sedentary 
lifestyle. This study aimed to determine the etiological 
factors and six months of follow-up results of patients with 
NL/UL in pediatric nephrology and urology clinics in our 
center.  
Materials and Methods: Children with NL/UL between 
December 2018 and December 2020 were enrolled in this 
study. The medical records were reviewed to collect data 
about admission complaints, consanguinity, metabolic risk 
factors for NL/UL, medical treatments, surgical 
interventions, and presence of stones after 6 months of 
follow-up. 
Results: A total of 93 patients (46 male and 47 female) 
were included in the study. Consanguinity and a positive 
family history for stones was present in 46.2% and 78.5% 
of patients, respectively. The urinary metabolic risk factors 
were hyperuricosuria (11/83, 13.3%), hypercalciuria 
(12/93, 12.9%), hyperoxaluria (6/51, 11.8%), cystinuria 
(7/90, 7.8%), and hypocitraturia (2/41, 4.9%). Twenty 
patients (29.9%) with NL/UL and without cystinuria 
received potassium citrate therapy. After 6 months of 
follow-up (n = 27) of these patients, stone progression was 
not observed in any of the patients who received 
potassium citrate treatment (n=11) or underwent surgical 
intervention (n=10).   
Conclusions: Most patients had a family history of stones. 
Hyperuricosuria was the most common urinary risk factor 
for NL/UL. Potassium citrate therapy might be useful to 
prevent stone progression in patients with NL/UL.  

Amaç: Çocuklarda böbrek taşı sıklığı, son zamanlarda 
beslenme alışkanlıklarındaki değişikliklere ve sedanter 
yaşama bağlı olarak artış göstermiştir. Bu çalışmada, 
merkezimizde Çocuk Nefroloji ve Çocuk Üroloji 
Klinikleri’nde böbrek taşı/üreter taşı (BT/ÜT) tanılarıyla 
takip edilen hastaların etiyolojik faktörlerini ve altı aylık 
izlem sonuçlarını değerlendirmek amaçlandı.  
Gereç ve Yöntem: Aralık 2018- Aralık 2020 arasında 
BT/ÜT tanılarıyla Çocuk Nefroloji ve Üroloji 
Klinikleri’nde takip edilen hastalar çalışmaya dahil edildi. 
Hastaların başvuru şikayetleri, anne-baba akrabalığı, 
BT/ÜT açısından metabolik risk faktörleri, aldıkları 
tedaviler, cerrahi operasyonlar ve taşların varlığının 6 aylık 
takip sonucunda devam edip etmediği bilgileri kayıtlardan 
elde edildi.  
Bulgular: Toplam 93 hasta (46 erkek, 47 kız) çalışmaya 
dahil edildi. Anne-baba akrabalığı hastaların %46,2’sinde 
mevcut iken, ailede taş öyküsü hastaların %78,5’inde 
saptandı. İdrarda bakılan metabolik risk faktörlerinden 
hiperürikozüri 11/83 (%13,3) hastada, hiperkalsiüri 12/93 
(%12,9) hastada, hiperokzalüri 6/51 (%11,8) hastada, 
sistinüri 7/90 (%7,8) ve hipositratüri 2/41 (%4,9) hastada 
saptandı. Sistinüri olmadan BT/ÜT saptanan 20 hasta 
(%29.9) potasyum sitrat tedavisi almaktaydı. Altı ay takip 
edilen hastalar (n=27) içinde potasyum sitrat tedavisi alan 
(n=11) veya cerrahi operasyon uygulanan hastaların 
(n=10) hiçbirinde taşın boyutunda artış saptanmadı.  
Sonuç: Hastaların çoğunda ailede taş öyküsü saptandı. 
Hiperürikozüri, BT/ÜT için en sık görülen risk 
faktörüydü. Potasyum sitrat tedavisi BT/ÜT’li hastalarda 
taş progresyonunun önlenmesinde faydalı olabilir.  

Keywords:. Childhood, nephrolithiasis, potassium citrate, 
urolithiasis 
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INTRODUCTION 

The incidence of nephrolithiasis (NL) has 
significantly increased among pediatric patients in 
recent years1. The reasons for this increase are 
sedentary lifestyle, increased sodium intake, 
decreased calcium and water intake as well use of 
drugs such as corticosteroids, diuretics and 
anticonvulsants2. The reported incidence of NL is 
5%–15% in developing and 1%–5% in developed 
countries3. Pediatric NL is rare compared with adult 
NL, and children constitute 2%–3% of all patients 
with NL. Though there are some studies reporting a 
higher incidence among boys, others reported an 
equal ratio in both sexes4, 5. The mean age at the 
diagnosis was seven years among girls and five years 
among boys. A family history of stones existed in 
12%–68% of the patients6. 

Urinary system stones are etiologically divided into 
four groups: anatomical stones (urinary anomalies: 
8%–32%), metabolic stones (33%–95%) (calcium, 
uric acid, and cystine stones), infection stones (2%–
24%), and idiopathic stones (1%–5%). Conditions 
causing calcium stones are hypercalciuria, 
hyperoxaluria, hyperuricosuria, hypocitraturia, and 
hypomagnesemia. Uric acid stones occur due to 
hereditary reasons, excessive uric acid production, 
and hyperuricosuria whereas cystine stones occur in 
cystinuria3. The most common stones are calcium 
oxalate and calcium phosphate stones, and the most 
common risk factors are hypercalciuria and 
hypocitraturia7. 

Pediatric NL can be treated medically and surgically. 
Stones up to 1 cm usually do not cause any 
obstruction or infection in the urinary system and can 
be followed up by ultrasonography (USG). Specific 
treatments for metabolic problems is beneficial for 
both preventing the formation of new stones and 
dissolving the existing ones. Potassium citrate (1–2 
meq/kg) increases the citrate level in the urine and 
reduces the risk of stone formation by alkalizing the 
urine. It can be used in patients who have metabolic 
abnormalities such as cystinuria, hypercalciuria, 
hyperuricosuria and hypocitraturia. In a recent study, 
the reported recurrence rate was 16.6% in children 
who treated with potassium citrate after complete 
removal of cystine stones while the recurrence was 
100% in children who received no preventive 
treatment8. Thiopronine can be used to reduce the 
level of cystine in urine in patients with cystinuria.  

The surgical treatment options are available for 
pediatric NL patients including stone crushing 
(extracorporeal shock wave lithotripsy or ESWL), 
endoscopic interventions (ureterorenoscopy (URS)- 
retrograde intrarenal surgery–transurethral 
cystolithotripsy), percutaneous interventions, 
laparoscopic surgery, and open stone surgery. 
Although endoscopic methods are commonly and 
successfully used in the surgical treatment of urinary 
system stones, open surgery is required in some cases. 
Open surgery indications are as follows: Failure in 
minimally invasive procedures, presence of additional 
urinary system anomalies (such as ureteropelvic 
stenosis), severe skeletal anomaly, >30 mm stone in 
the bladder as well complex and complete staghorn 
stones in young children3. 

Although the etiological factors of stones were 
reported several times previously, follow-up results 
and the effect of potassium citrate treatment on stone 
progression were reported in a few studies. This study 
aimed to evaluate the etiological factors, follow-up, 
and treatment among children with NL and 
urolithiasis (UL), the effect of potassium citrate 
treatment on stone presence and progression who 
were followed in Pediatric Nephrology and Pediatric 
Urology Clinics at the Mersin University Faculty of 
Medicine. 

MATERIAL AND METHODS 

Sample 

Children with (NL/UL) and nephrocalcinosis 
between December 2015 and December 2020 were 
enrolled to this study. The local ethics committee has 
approved the study (2021/271). The study was 
conducted in conformity with the principles of the 
Declaration of Helsinki. Patients between 1 and 18 
years diagnosed with NL/UL, and those who had 
medical records of admission complaints, 
consanguinity, metabolic risk factors for NL/UL, 
medical treatments, and surgical intervention 
between December 2018 and December 2020, were 
enrolled in the study. Patients who had incomplete or 
had not medical records, and those younger than 1 
year or older than 18 years were excluded from the 
study. In total 258 patients who were admitted to 
Departments of Pediatric Nephrology and Pediatric 
Surgery between December 2018 and December 
2020, were evaluated. Of patients, 165 were excluded 
because medical records were absent or incomplete. 
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Ninety three patients who fulfilled inclusion and 
exclusion criteria were enrolled to the study.  

Table 1. Normal solute concentration levels of urine 
in children  

 Age Spot urine 
solute/creatinine 

ratio levels (mg/mg) 

Calcium 0-6 months <0.8 

7-12 months <0.6 

1-3 years <0.53 

3-5 years <0.39 

5-7 years <0.28 

> 7 years <0.21 

Oxalate 0-6 months <0.28 

7-24 months <0.11 

2-5 years <0.08 

6-14 years <0.06 

>16 years <0.03 

Citrate ≤5 years >0.42 

>5 years >0.25 

Uric acide <1 year <2.2 

1-3 years <1.9 

3-5 years <1.5 

5-10 years <0.9 

>10 years <0.6 

Cystine <1 month <0.18 

1-6 months <0.11 

>6 months <0.038 

Diagnosis and treatment procedure 

The medical records were reviewed to collect data 
about admission complaints, consanguinity, 
metabolic risk factors for NL/UL, medical 
treatments, and presence of surgical intervention of 
the patients. Ultrasonography and/or computed 
tomography in some cases were used to diagnose 
NL/UL. Urinary tract infection diagnosis was 
defined as pyuria (more than five white blood cells 
per high-power field) and positive urine culture (i.e., 
>105 colony-forming units/milliliter of a 
microorganism).  

The diagnosis of nephrocalcinosis was based on the 
identification of increased echogenicity on USG. 
Kidney stone was diagnosed in presence of echogenic 
foci accompanied by sharp acustic shadowing on 
USG. Hypercalciuria, hyperoxaluria, hypocitraturia, 
hyperuricosuria and cystinuria were diagnosed based 
on above the upper limit of spot urine 
solute/creatinine ratio9 levels as shown in Table 1. 

Potassium citrate therapy was given to the patients 
who had metabolic risk factors such as hypercalciuria, 

hyperuricosuria, hypocitraturia and/or cystinuria. 

ESWL was performed in patients whose stones were 
10–15 mm in size and localized in parenchyma and 
pelvis–calyx, leading to hydronephrosis. URS was 
performed in symptomatic patients who had ureteral 
stones larger than 5 mm in size. Open surgery was 
performed in patients who had stones larger than 15 
mm in size with hydronephrosis. 

Stone absence, stone regression, stone stability, and 
stone progression were defined as no stone 
observation in USG, shrinkage in stone diameter, 
stone with a constant diameter, and an increase in the 
stone diameter, respectively. 

Patients with NL/UL was separated into three 
groups as having nephrocalcinosis, having cystinuria 
and having neither nephrocalcinosis nor cystinuria. 
The patients who received potassium citrate 
treatment or surgical intervention was compared to 
the patients who did not receive any treatment in 
terms of stone presence after 6 months of follow-up. 

 Statistical analysis 

Data analysis was conducted using the IBM Statistical 
Package, version 21.0 (IBM SSPS Corp., Armonk, 
NY, USA) software. Descriptive statistics were 
expressed as mean and standard deviation. The 
dependency between categorical variables was tested 
using Fisher’s exact chi-square test was used to 
compare the patients who were on potassium citrate 
therapy and who were not on therapy in terms of 
stone presence after six months of follow-up. An 
independent-sample t test was used to compare the 
means of stone diameter of patients with cystinuria 
and without cystinuria. A P value <0.05 indicated a 
statistically significant difference. 

RESULTS 

A total of 93 patients (46 male and 47 female) were 
included in the study. The mean age of the patients 
was 64.35 ± 53.61 (3.00–192.00) months. Admission 
complaints were restlessness (26.9%), abdominal 
pain/renal colic (30.1%), crying while urinating 
(16.0%), hematuria (10.7%), inability to gain weight 
(3.2%), fever (2.2%), vomiting (2.2%), anorexia 
(2.2%), stone drop (1.1%) while remaining 5.4% of 
the patients were asymptomatic. Ultrasonography 
and BT used for NL/UL diagnosis in 13 patients who 
undergone surgical intervention while USG was used 
for others. In 35 patients (37.6%), the presence of 
stones was accompanied by urinary tract infections. 
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Prematurity and hospitalization history in the 
neonatal period occurred in 21.5% and 32.3% of the 
patients, respectively. Consanguinity and family 
history of stones were present in 46.2% and 78.5% of 
the patients, respectively. The metabolic risk factors 
for stones are shown in Table 1. Although 38 patients 
had one metabolic risk factor, 32 had two metabolic 
risk factors accompanied by NL/UL (Table 2). 
Thirtysix patients (38.7%) received potassium citrate 
treatment.  

Serum vitamin D and parathormone levels were 
available in 61 (65.6%) and 69 (74.2%) patients, 
respectively. Vitamin D intoxication, 
hyperparathyroidism or primary hyperoxaluria were 
not detected in none of the patients. Mean levels of 
vitamin D and parathyroid were 23.58±11.10 ng/dl 
and 37.01±19.10 pg/ml, respectively. 

Table 2. Metabolic risk factors for stones 

Risk factors N Patients 
with data 

% 

Single urinary risk 
factors 

 
 

 
 

 
 

Hyperuricosuria 11 83 13.3 

Hypercalciuria 12 93 12.9 

Hyperoxaluria 6 51 11.8 

Cystinuria 7 90 7.8 

Hypocitraturia 2 41 4.9 

Multiple risk 
factors 

 
 

 
 

 
 

Hypercalciuria + 
hyperuricosuria 

11 
 

72 
 

15.3 
 

Hyperuricosuria + 
hyperoxaluria 

7 
 

51 
 

13.7 
 

Hyperuricosuria + 
cystinuria 

7 
 

78 
 

8.9 
 

Hypercalciuria + 
hyperoxaluria 

5 
 

48 
 

10.4 
 

Hypercalciuria + 
cystinuria 

1 
 

84 
 

1.2 
 

Hyperuricosuria + 
hypocitraturia 

1 46 2.2 

Nephrocalcinosis with urolithiasis was detected in 10 
(10.8%) patients. All those patients had 
hypercalciuria, while three (30%) had hypercalcemia 
additionally. Bartter syndrome was diagnosed in one 
of those patients (10%) while others had no 
detectable underlying disease.  

Sixty-seven patients (72.0%) did not have cystinuria 
and nephrocalcinosis. One stone was present in 29 
(43.3%) patients, while 38 (56.7%) patients had 
multiple stones. The mean diameter of stones was 

5.45 ± 3.78 mm. The stones were localized in the 
parenchyma, pelvis–calyx, lower pole, ureter, and 
bladder [39 (58.2%), 21 (31.4%), 5 (7.5%), and 2 
(3%), respectively]. Hydronephrosis was detected in 
17 (25.4%) patients; 20 (29.9%) patients received 
potassium citrate treatment. Thiazide diuretic for 
hypercalciuria was given to two (3%) patients. 
Surgical intervention was performed in 13 (19.4%) 
patients (Table 3). 

Table 3. Modality of surgical interventions for stones 
(n = 13) 

 N % 

ESWL 5 38.5 

URS 5 38.5 

Open surgery 3 23.0 

ESWL, Extracorporeal shock wave lithotripsy; URS, 
ureterorenoscopy. 

Eleven of the patients (40.7%) who followed up for 
6 months (n=27) received potassium citrate 
treatment (Table 4). Stone progression was not 
observed in any of the patients who received 
potassium citrate treatment or underwent surgical 
intervention. No significant difference was detected 
between patients receiving potassium citrate 
treatment and those not undergoing treatment for the 
presence of stones (P = 1.000). 

Table 4. Status of the stones after 6 months of follow-
up in patients who received potassium citrate and/or 
underwent surgical intervention (n = 27) 

Stone 
status 

Potassiu
m citrate 

(n=11) 

Surgical 
intervention 

(n=10) 

Potasssium 
citrate+ 
surgical 

interventio
n (n=6) 

Absent 4 (36.4%) 5 (50.0%) 6 (100.0%) 

Regressi
on 

3 (27.3%) 5 (50.0%) 
 

0  (0.0%) 
 

Stability 4 (36.4%) 0 (0.0%) 0 (0.0%) 

Of the 27 patients, 6 patients (22.2%) received both 
potassium citrate treatment and underwent surgical 
intervention. Stones were not detected in these 
patients after 6 months of follow-up. 

After 6 months of follow-up, no significant 
difference was observed between patients who 
underwent surgical intervention and those who did 
not undergo surgery for the stones (P = 0.415). 

Sixteen patients had cystinuria. The localization of 
the stones in the parenchyma, pelvis–calyx, and 
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bladder was 13 (81.3%), 2 (12.5%), and one (6.2%), 
respectively. The mean diameter of stones was 8.1 ± 
5.62 mm. No significant difference in stone diameter 
was detected between patients with cystinuria (n = 
16) and others (n = 67) (P = 0.057). Three (18.8%) 
patients needed a second surgery for stones. 

Of the patients with cystinuria (n = 16), 10 (62.5%) 
received tiopronin and 13 (81.3%) received 
potassium citrate treatment.  Surgical intervention 
was performed in 10 out of 16 (62.5%) patients with 
cystinuria: open surgery in eight and SWL in two 
patients. Three patients had only one stone (18.8%), 
while 13 patients had multiple stones (81.3%). 

DISCUSSION 

This study demonstrated that NL/UL was seen 
especially in patients who had a family history for 
stones (78.5%). Although a large number of 
epidemiologic studies on NL/UL have been 
conducted, very few studies have evaluated the effect 
of potassium citrate treatment on NL/UL. The 
present study has indicated that potassium citrate 
treatment was ineffective for the presence of stones. 
However, regression and stability in stone diameter 
were detected in 7 of 11 patients (63.6%) who 
received potassium citrate treatment; still, 
progression was not seen in any of the patients. 
Therefore, the findings of this study revealed that 
potassium citrate treatment was useful to prevent 
stone progression. 

Hypercalciuria is the most common urinary risk 
factor for NL/UL10,11. Spivacow et al7 found that 
idiopathic hypercalciuria (alone or combined) was a 
risk factor (47.0%), followed by hypocitraturia 
(39.6%) (alone or combined) and hyperuricosuria 
(alone or combined) (19.4%). In the present study, 
hyperuricosuria and hypercalciuria ratios were found 
to be lower (13.3% and 12.9%, respectively) because 
they were single risk factors, not combined. 

Citrate is an important inhibitor of lithogenesis12,13, it 
reduces urinary saturation because it forms 
complexes with calcium, inhibits stone nucleation, 
and delays oxalate crystal aggregation14. Potassium 
citrate therapy is recommended for patients with low 
urinary citrate and recurrent calcium stones15,16. 
Potassium citrate was found to be protective against 
the recurrence of NL after ESWL treatment and have 
an important role to prevent kidney stone formation 
in a meta-analyse17. In the present study after six 
months of potassium citrate therapy (n=11), four 

patients had no stone, three patients had regression 
in stone diameter, four patients were stable. If the 
follow-up time was longer, potassium citrate therapy 
might found to be more effective in regression or 
stone presence. 

Stone recurrence is an important problem for 
children. Residual stones measuring <5 mm after 
surgical intervention have been shown to lead to 
clinical symptoms in 69% of patients18. Therefore, 
being stone-free after surgery should be aimed3. 
Although ESWL has a lot of advantages, such as 
noninvasiveness, short hospitalization period, and 
low complication ratio, the presence of residual 
stones is an important disadvantage. In the present 
study, stones were not detected in 50% of patients 
while 50% had residual stones after six months of 
surgical intervention. Patients with residual stones 
underwent ESWL operation as expected. 

Cystinuria is an autosomal recessive disorder, leading 
to recurrent UL with significant morbidity due to 
obstruction, infection, and repeated surgical 
intervention19. Patients with cystinuria were found to 
have larger stones at the time of diagnosis, with 
higher new stone formation rates, and were at higher 
risk for surgery20. Although no statistically significant 
difference was observed between patients with 
cystinuria and others, stone diameter was obviously 
higher in patients with cystinuria [8.1±5.62 vs 
5.45±3.78] and a second surgery was needed in 
18.8% of patients with cystinuria, consistent with the 
previous literature. 

The limitation of this study was its retrospective 
design with a low number of patients. The urinary 
metabolic risk factors could not be evaluated in all 
patients. Prospective studies with larger sample size 
may provide more information regarding the etiology 
and follow-up results of NL/UL. 

In conclusion, a positive family history of stones is 
commonly seen in patients with NL/UL. 
Ultrasonography should be performed in patients 
with a positive family history for stones to confirm 
the diagnosis. Potassium citrate therapy may prevent 
stone progression in patients with NL/UL. 
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