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Abstract

We evaluated the demographic features, etiologic risk factors, treatment strategies, and outcome of the infants and children
with urolithiasis (UL). A retrospective multicenter study was conducted including 23 Pediatric Nephrology centers in Turkey.
The medical records of 2513 children with UL were reviewed. One thousand, three hundred and four boys and 1209 girls
(1.1:1) were reported. The mean age at diagnosis was 39.5 + 35 months (0.4-231 months), and 1262 patients (50.2%) were
in the first year of life (infants). Most of the cases with infantile UL were diagnosed incidentally. Microlithiasis (<3 mm)
was found in 794 patients (31.6%), and 64.5% of the patients with microlithiasis were infants. Stones were located in the
pelvis-calyces in 63.2% (n: 1530) of the cases. The most common stone type was calcium oxalate (64.6%). Hypocitraturia
was the most common metabolic risk factor (MRF) in children older than 12 months, but in infancy, hypercalciuria was more
common. Fifty-five percent of the patients had received at least one medical treatment, mostly potassium citrate. At the end
of a year’s follow-up, most of the patients with microlithiasis (85%) showed spontaneous remission. The rate of spontane-
ous stone resolution in infants was higher than in children. Spontaneous remission rate was higher in cases with MRF ( — )
stones than in MRF (+) stones. However, remission rate with medical treatment was higher in cases with MRF (+) stones.
This study represents the results of a large series of infants and children with UL and showed that there are several differ-
ences such as underlying metabolic and anatomic abnormalities, clinical course, and stone remission rates between infants
and children with urinary stone disease.
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Introduction

Urolithiasis (UL) is an important clinical health problem
with increasing incidence in childhood, particularly in
infancy [1]. The incidence, metabolic composition of the
stones, and clinical findings of UL in children vary consider-
ably between different geographic regions of the world. Uro-
lithiasis in Turkey is an endemic disorder, affecting 10-20%
of the children [2, 3]. UL in children has multifactorial
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etiology including mainly metabolic disorders (hypercal-
ciuria, hypocitraturia, hyperoxaluria, hyperuricosuria and
cystinuria, etc.), recurrent urinary tract infections, urinary
tract anomalies causing urinary stasis (ureteropelvic junction
(UPJ) obstruction, vesicoureteral reflux (VUR), ureterovesi-
cal (UV) stenosis, etc.), ethnic origin, genetics, climate, and
changes in nutrition patterns [1-4].

Determining the underlying risk factors and special treat-
ments may reduce possible stone recurrence and prevent
morbidity in children [4]. The most common etiological risk
factors of pediatric UL in Turkey were reported to be meta-
bolic (33-83.2%) and anatomic abnormalities (8—-32%), and
the most frequently reported metabolic abnormalities were
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hypercalciuria and hypocitraturia [5-8]. It was reported that
stone recurrence is higher in children having a metabolic risk
factor (MRF) [1, 4-9].

Therapeutical approach in the setting of non-obstructive
small stones involves specific medical treatments which are
administered for the underlying metabolic disorder, such as
potassium citrate or Shohl’s solution for urine alkalization,
tiopronin for cystinuria, and hydrochlorothiazide for hyper-
calciuria, etc. For the treatment of obstructive pelvic-calyx
or ureteral stones, interventional methods such as percutane-
ous nephrolithotomy (PNL), ureterorenoscopy (URS), and
extracorporeal shock wave lithotripsy (ESWL) are preferred
for the removal of the stones. Medical expulsive therapy,
which has been used in adolescent children in recent years,
provides the passage of obstructive ureteral stones without
the need for invasive procedures [9].

There are certain differences in the clinical features of
stone disease between adults and children. Similar to that,
UL may also vary among infants and children. Although
there are many studies dealing with pediatric and infantile
UL separately, large-scale studies comparing UL in infants
and children in terms of demographic and clinical features
as well as outcome are still scarce. In this multicentric study,
it is aimed to evaluate the demographic features, etiologi-
cal risk factors, treatment strategies, and outcome in 2513
children with UL. This study also provides an evaluation of
differences between infants and children in terms of demo-
graphics, etiological risk factors, stone characteristics, and
response to treatment.

Patients and methods

This study was approved by the ethics committee of the
Erciyes University Medical Faculty (2019/59). The retro-
spective multicentric study was conducted by the Urolithi-
asis Working Group of the Turkish Pediatric Nephrology
Association. The nation-wide data are obtained from 23
pediatric nephrology centers from different geographical
regions of Turkey. The medical records of 2513 children
(0-18 years) with UL between August 2018 and June 2019
were reviewed.

Data including demographic, clinical, laboratory and
radiologic findings, gender, age at diagnosis, family history
of stone disease, consanguinity, prematurity, a dietary his-
tory with emphasis on vitamin D administration, formula
feeding (for infants), history of drug use that induces stone
formation (antiepileptics, loop diuretics, etc.), presenting
symptoms, physical examination findings, presence of uri-
nary tract abnormalities and urinary tract infections (UTI),
size, number and location of stones in the urinary system,
evaluation of MRFs, and response to the medical or surgical
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treatments of the patients were obtained from the pediatric
nephrology centers participating in the study retrospectively.

UTI was defined as having positive urine cultures as well
as the presence of leukocyte esterase and nitrite positivity
in dipstick test [10].

Patients were grouped based on their ages at diagno-
sis as infants (< 12 months) and children (> 12 months).
Hyperechogenic spots on ultrasonography smaller than
3 mm were defined as microlithiasis [11]. The diagnosis
of microlithiasis was confirmed by at least two different
radiologists.

Evaluation of urinary metabolic risk factors, including
hypercalciuria, hyperoxaluria, hypocitraturia, hyperurico-
suria, cystinuria and hypomagnesuria were carried out by
calculating mineral excretions in 24-h urine or random urine
mineral-to-urine creatinine ratios. It was compared with the
95th percentile of age-specific reference values to confirm
the abnormal urine mineral excretion [9-13] (presented in
supplement Table). Blood urea nitrogen, serum creatinine,
calcium, uric acid, phosphate, sodium, potassium, chloride,
alkaline phosphatase and, 25 hydroxyvitamin D and parathy-
roid hormone levels in serum were also evaluated. Hypopar-
athyroidism, hyperparathyroidism, hypervitaminosis D and
Vitamin D deficiency were defined using age-specific refer-
ence intervals [14, 15].

Follow-up data were collected retrospectively from the
medical records of the patients. The patients were followed
by pediatric nephrologists in 23 different centers. Ultra-
sonographic examinations at the time of diagnosis and in
the follow-up were performed either by pediatric radiolo-
gists or by radiologists experienced in pediatric ultrasound.
Follow-up data of the patients at the end of a year period
were evaluated to determine whether there was stone reso-
lution. It was noted that some patients were followed up
without any medical therapy, and some patients did not use
the prescribed treatment despite recommendation. At the end
of 12 months, stone resolution and clinical recovery were
evaluated in patients with and without treatment for UL. The
absence of hyperechogenic calculi on follow-up ultrasonog-
raphy was considered as stone resolution. Those who were in
remission without treatment were accepted as spontaneous
stone resolution. Information on stone recurrence could not
be obtained due to the absence of long-term follow-up data.

Statistical analysis

Descriptive statistic and Chi-square tests were performed
as statistical analysis using the statistical software package
SPSS version 21.0. Descriptive statistics were expressed
as mean and standard deviation, median and percent-
ages. Results with p <0.05 were regarded as statistically
significant.
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Results

Demographic data and clinical findings
of the patients

Data of 2513 children with UL, 1304 male and 1209
female, collected from 23 pediatric nephrology centers,
were analyzed. Male to female ratio was 1.1/1. Demo-
graphic and clinical findings of the infants and the chil-
dren are presented in Table 1. The age at diagnosis of
patients ranged from 14 days to 18 years, with a mean age
of 39.5 £+ 35 months (median 12 months). Half of all cases
were at an infantile age (50.2%).

There were statistically significant differences between
genders: The mean age at diagnosis was higher in the
female group (44.4 +42 months) compared to the males
(34.9 + 32 months). The male-to-female ratio was found
to be 1.2:1 in infants, whereas it was 0.9:1 in children. In
both age groups, the history of UTI and UTI at the time of
diagnosis was higher in girls. Antenatal hydronephrosis
was frequent in infancy only in males.

Positive family history for urinary stones was present
in about half of the cases (54%) and consanguinity rate
among the parents was 19.3%. The most common reason
for admission to nephrology outpatient clinics was inci-
dentally detected stones on urinary system ultrasound dur-
ing their routine health check-ups or after the patient’s
admission to hospital for other complaints apart from

kidney stones. The most common presenting symptoms
were restlessness or irritability in infants, and abdominal
pain in children. Other symptoms were macroscopic hema-
turia (5.8%), vomiting (5.7%) and microscopic hematuria
(4%). History of prematurity, high-dose vitamin D intake,
hospital admission in the neonatal period and antenatal
hydronephrosis were significantly higher in infants com-
pared to children (p <0.05).

Etiological factors for UL in the patients

When the patients were categorized based on the etiologi-
cal risk factors; metabolic abnormalities were detected in
61.5% (n/N: 1522/2474), urinary tract infection in 18.3%
(n/N: 455/2513), and anatomic abnormalities in 17% (n/N:
441/2513) of all patients. The UPJ obstruction (31%,
137/441) and VUR (19%, 86/441) were the most prevalent
anatomic abnormalities.

58.4% of the infants and 64.5% of the children had at
least one of the urinary MRF (p <0.001). The most com-
mon urinary MRFs were hypercalciuria (26%), hypoci-
traturia (24%) and hypomagnesuria (17.8%). The most
common urinary MRF was hypercalciuria in infants and
hypocitraturia in children. In addition, hypercalcemia,
hypervitaminosis D, hypoparathyroidism was significantly
higher in infants compared to children, whereas vitamin
D deficiency and hyperparathyroidism were common in
children (p < 0.05) (Table 2).

Table 1 Demographic and
clinical findings of the infants

and children

Infants N (%) Children N (%) All patients N (%) p value

Number of patients 1262 (50.2) 1251 (49.8) 2513 > 0.05
Male/female 706/556 (1.2:1)* 598/653 (0.9:1) 1304/1209 (1.1:1) <0.001
Mean age at diagnosis (months) 5.6+3 73.7+50 39.5+35
Positive family history for UL 675 (54.2) 674 (55.2) 1349 (54.7) >0.05
Consanguinity 218 (19.8) 215 (18.8) 433 (19.3) >0.05
History of high-dose vitamin D 51 (4.2)* 15 (1.3) 66 (2.8) <0.05
Spontaneous stone passage 10 (0.8)° 39 (3.1) 49 (2) <0.001
Prematurity 204 (16.4)* 101 (8.5) 305 (12.6) <0.05
History of urinary tract infection 307 (24.6)° 392 (31.9) 699 (28.2) <0.001
Antenatal hydronephrosis 128 (11.3)° 37 (3.5) 165 (7.5) <0.001
Hospital admission in neonatal period 258 (20.9)* 128 (10.9) 386 (16.1) <0.001
Presenting symptoms

Incidental 469 (37.6) 331 (26.6) 800 (31.8) >0.05

Irritability/restlessness 429 (34.4)* 105 (8.4) 534 (21.2) <0.05

Abdominal pain/renal colic 24 (1.9)° 357 (28.7) 381 (15.2) <0.05

Macroscopic hematuria 22 (1.8)° 124 (10) 146 (5.8) <0.05

4p <0.05 versus children group, infant group significantly higher than the children group

®p <0.05 versus children group, infant group significantly lower than the children group
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Table 2 Etiologic risk factors

for UL in the irfants and Infants Children All patients p value
. N (%) N (%) N (%)
children
Anatomic abnormalities 169 (13.4)° 272 (22.1) 441 (17.8) <0.001
Urinary tract infection at diagnosis 233 (18.7) 222 (18) 455 (18.3) >0.05
Urinary metabolic risk factors n/N (%) n/N (%) n/N (%)
Hypercalciuria 351/1226 (28.6)*  285/1212 (23.5) 636/2438 (26.1) 0.004
Hypocitraturia 188/1061 (17.7)°  343/1121 (30.6) 531/2182 (24.3) <0.001
Hyperoxaluria 139/1055 (13.2)>  196/1114 (17.6)  335/2169 (15.4) 0.004
Hyperuricosuria 153/1039 (14.7) 152/1020 (14.9) 305/2059 (14.8) >0.05
Hypomagnesuria 113/692 (16.3) 138/720 (19.2)  251/1412 (17.8) >0.05
Cystinuria 28/862 (3.2)° 53/876 (6.1) 81/1738 (4.7) 0.006
Serum metabolic risk factors /N (%) n/N (%) n/N (%)
Hypercalcemia 205/1197 (17.1)*  52/1186 (4.4) 257/2383 (10.8) <0.001
Hypouricemia 116/1103 (10.5)*  77/1110 (6.9) 193/2213 (8.7) 0.003
Hyperuricemia 14/861 (1.6)° 68/1011 (6.7) 82/1872 (4.4) <0.001
Hypervitaminosis D (> 100 ng/ml)  17/645 (2.6)* 3/638 (0.5) 20/1283 (1.6) <0.001
Vitamin D deficiency (<20 ng/ml)  102/645 (15.8)°  252/638 (39.5)  354/1283(27.6) <0.001
Hyperparathyroidia 29/620 (4.7)° 62/632 (9.7) 91/1252 (7.2) 0.001
Hypoparathyroidia 58/620 (9.2)* 27/632 (4.1) 85/1252(6.6) 0.001
No metabolic abnormalities 519/1247 (41.6)  433/1227 (35.3)  952/2474 (38.5) >0.05
At least one metabolic abnormality ~ 728/1247 (58.4)°  794/1227(64.7)  1522/2474(61.5) 0.001

n total number of patients with MRF

N total number of patients underwent metabolic evaluation

4p <0.05 versus children group, infant group significantly higher than the children group

®p <0.05 versus children group, infant group significantly lower than the children group

Imaging findings and types of the urinary system
stones

Stone types and imaging findings are shown in Table 3.
Most of the stones were localized in the pelvis-calyx
(63%), were multiple in number (60%), and ranged
between 3 and 10 mm in size (62.6%). In infants, mul-
tiple stones were prevalent, and in children, stones were
usually single. Microlithiasis was present in 31.6% of all
patients. The rate of microlithiasis was higher in infants
(40.6%) and 64.5% of the patients with microlithiasis were
infants, and the rate of having stones larger than 10 mm
was higher in children. Ureteral and bladder stones were
significantly higher in children (p < 0.05). Urinary system
X-ray was available in 341 patients and most of the stones
were non-opaque in both age groups. While opaque stones
were more common in children, semi-opaque stones were
frequent in infants. Stone analysis was performed for a
total of 274 cases. The most common stone types were
calcium oxalate (64.6%), cystine (14.6) and mixed type
stones (12%). Magnesium stones were detected in only 10
cases, uric acid stones in 7, and calcium phosphate stones
in 6 cases.

@ Springer

Treatments and outcome

Conservative treatments such as salt-restricted diet and
hydration by increasing oral fluid intake and frequent
lactation for infants were recommended for all patients.
At least one medical treatment was administered to 1388
(55%) of the cases. The most preferred medical treatment
was potassium citrate or Shohl’s solution given for urinary
alkalinization [9-11]. Interventional treatment was applied
in 381 cases, mostly ESWL (n=187), in addition to URS
(n=98), and PNL (n=73). Most of the patients (84%),
who underwent interventional treatment, had stones larger
than 10 mm in size.

Stone resolution, excluding patients with stone surgery
and those with under a year’s follow-up, was evaluated
in 1682 cases. A total of 1351 cases (80.3%) had stone
resolution after a year’s follow-up with or without medical
treatment (Table 4). Stone resolution was observed in 83%
of infants and 77.5% of children (p <0.05). Spontaneous
stone resolution was observed in 88% (615/697) of the
cases followed without treatment (88.6% in infants, 87.8%
in children). Half of the cases with spontaneous stone res-
olution (51.3%) had microlithiasis. However, most of the
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Table 3 Stone types and

imaging findings in the infants

and children

Infants Children All patients p value
N (%) N (%) N (%)
Number of stones
Multiple 910 (72.5)* 585 (47.6) 1495 (60.2) <0.001
Single 345 (27.5)° 642 (52.2) 987 (39.7) <0.001
Location of stones
Pelvis-calix 798 (65.7) 732 (60.7) 1530 (63.2) >0.05
Parenchymal 362 (29.8) 326 (27.1) 688 (28.4) >0.05
Pelvis + parenchymal 44 (3.7) 44 (3.6) 88 (3.6) >0.05
Ureter 10 (0.8)° 84 (7) 94 (3.9) <0.05
Bladder 10.1)° 18 (1.5) 19 (0.8) <0.05
Stone size on US
Microlithiasis (<3 mm) 512 (40.6)* 282 (22.5) 794 (31,6) <0.05
3-10 mm 727 (57.6) 845 (67.5) 1572 (62.6) >0.05
> 10 mm 23 (1.8)* 124 (9.9) 147 (5.8) 0.019
Urinary system X-ray n/N (%) n/N (%) n/N (%)
Opaque stone 17/83 (20.5)° 85/258 (32.9) 102/341 (30) 0.007
Semi-opaque 13/83 (15.7)* 7/258 (2.7) 20/341 (6) <0.001
Non-opaque 53/83 (64) 166/258 (64.3) 219/341 (64) >0.05
Stone analysis n/N (%) n/N (%) n/N (%)
Calcium oxalate 37/69(53.6) 140/205 (68.3) 177/274 (64.6) >0.05
Cystine 11/69 (15.9) 29/205 (14.1) 40/274 (14.6) >0.05
Uric acid 2/69 (2.9) 5/205 (2.4) 7/274 (2.6) >0.05
Calcium phosphate 17/69 (1.4) 5/205 (2.4) 6/274 (2.2) >0.05
Mg ammonium phosphate 2/69 (2.9) 8/205 (3.9) 10/274 (3.6) >0.05
Mixed type 16/69 (23.2)* 18/205 (8.8) 34/274 (12.4) <0.05

n total number of patients with current parameter

N total number of patients evaluated for the current parameter

4p <0.05 versus children group, infants’ group significantly higher than the children group

bp <0.05 versus children group, infants’ group significantly lower than the children group

Table 4 Stone resolution rates of cases with and without medical treatments at the end of 1-year follow-up

Stone resolution rates in cases

Non-treatment group (N: 697)

Treatment group (N: 985)

All patients (N: 1682) (with
and without treatment)

Spontaneous resolution  No. resolution  p value  Stone resolution  No. resolution  p value  Stone resolution  p value
n/N (%) n/N (%) nIN (%) n/N (%) n/N (%)
Age
Infants 335/378 (88.6) 43/378 (11.4) >0.05  372/473 (78.6)°  101/473 (21.4) 0.004  707/851 (83)® <0.05
Children ~ 280/319 (87.8) 39/319 (12.2) 364/512 (71.1) 148/512 (28.9) 644/831 (77.5)
Allages  615/697 (88.2) 82/697 (11.8) 736/985 (74.7) 249/985 (25.3) 1351/1682 (80.3)
Stone size
<3mm  287/336 (85.4)* 49/336 (14.6) <0.001 136/178 (76.4) 42/178 (23.6)  >0.05 423/514 (82)*  <0.05
>3mm  272/361 (75) 89/361 (25) 600/807 (74) 207/807 (26) 872/1168 (74)
n total number of patients with current parameter
N total number of patients evaluated for the current parameter
#p <0.05 versus >3 mm group, significantly higher than the >3 mm group
°p <0.05 versus children group, significantly higher than the children group
@ Springer
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Table 5 Effect of metabolic risk
factor on stone resolution at the
end of 1-year follow-up

Stone resolution (7) Metabolic risk factor (MRF) (N) p value
MRF (+) MRF (-)
(N: 1045) (N: 616)
n/N (%) n/N (%)
Spontaneous stone resolution 304/1045 (29.1)° 300/616 (48.7) <0.0001
Stone resolution with treatment 525/1045 (50.2)* 207/616 (33.6) <0.0001
Total stone resolution (with and without ~ 829/1045 (79.3) 507/616 (82.3) >0.05

treatment)

4p<0.0001 versus MRF(—) group, MRF( +) group significantly higher than the MRF(—) group
®p <0.0001 versus MRF(—) group, MRF(+) group significantly lower than the MRF(—) group

patients with microlithiasis (85.4%) showed spontaneous
remission.

Total stone resolution rates were similar in patients with
and without MRF. However, the spontaneous resolution rate
of stones in cases without MRF (48.7%) was significantly
higher than in cases having MRF (29.1%) (» <0.0001). In
addition, the stone resolution rate in cases with medical
treatment was higher in MRF (+) stones (50.2%) compared
with MRF (-) stones (p <0.0001). The effect of metabolic
risk factor on stone resolution is presented in Table 5.

Discussion

Our nation-wide study representing the largest case series
of the pediatric and infantile UL in the literature provides
information about the demographic, clinical and laboratory
characteristics, etiologic risk factors, treatment strategies
and the outcomes. It is known that pediatric UL is different
from UL in the adult population. This study showed that
there are some distinct properties of urinary stone disease
differing between cases with the onset in infancy and child-
hood, such as gender predominance, presenting symptoms,
underlying metabolic and anatomic abnormalities, frequen-
cies of UTISs, stone features, clinical course, and stone remis-
sion rates with and without treatment. This study also clearly
revealed that children with microlithiasis can be followed up
without medical treatment if they do not have any metabolic
and/or anatomical risk factors. Medical treatment should be
reserved in cases having MRFs.

The incidence of UL varies according to the geographic
regions. Kidney stone disease is endemic in Turkey which
is located in the geographic area called as “the stone-belt”
[1-3]. There has been a significant increase in the incidence
of pediatric and infantile UL over the past decades [16,
17]. The rate of infantile UL has been reported as 9-23%
in pediatric UL [18]. This rate was reported as 34% and
41%, respectively, in two different pediatric UL cases series
from Turkey [19, 20]. In our study, half of all children with
UL were infants (50.2%). We have found a higher rate of
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infantile UL compared to other studies. In addition to this,
positive family history for UL was present in 54% of the
infantile UL cases. We believe that, relatively high rates of
consanguineous marriages in our country affect the preva-
lence of UL at young ages by increasing the genetic predis-
position. In our case series, the most common reason for
referral to the pediatric nephrology departments was the
incidental diagnosis of kidney stones. We assume that it has
become easier to access healthcare services in our country in
recent years, and the widespread use of routine ultrasonog-
raphy during the investigation of UTIs and infants with non-
specific symptoms, increases the rate of incidental diagnoses
and, also, the detection of UL at younger ages.

It is known that the presentation of nephrolithiasis in
children is variable depending on the age of the patient.
Severe colicky abdominal pain is common in adolescents
and school-aged children. Nonspecific symptoms of abdomi-
nal pain, nausea, vomiting, and irritability, rather than the
typical renal colic, are seen in younger children [9]. Similar
to the literature, in this study, the most common present-
ing symptom was irritability in infants, and abdominal pain,
macroscopic hematuria, and vomiting in children.

Studies on gender predisposition in pediatric UL have
variable results, with some reports suggesting equal prev-
alence in both sexes and others indicating slightly higher
prevalence in males [21-23]. In the majority of the studies
about infantile UL, a male predominance has been reported
[19, 20, 24-27]. In our study, male-to-female ratio was 1:1.1
in all children with UL, and male predominance was seen in
infants whereas female predominance was found in children
older than 12 months. In our study, the mean age at diag-
nosis was higher in the female group when compared with
the males. This difference might be attributed to the male
predominance in infantile UL, as shown in many studies
including ours. In other words, this study has shown that,
there seems to be a significant shift from male to female
predominance with increasing age. Furthermore, consistent
with the literature [25], UTT history and the presence of UTI
at the time of diagnosis were higher in females, while a his-
tory of antenatal hydronephrosis was higher in male infants.
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Although, certain studies investigating the effect of gender in
pediatric stone disease have found some differences between
both sexes in terms of metabolic risk factors [28, 29], no
significant difference was found in our study.

It is fundamental to define the etiology of UL to treat the
patients successfully and to prevent stone recurrence and
morbidities such as kidney failure. Studies over the past few
decades have identified metabolic disorders in 12-96% of
pediatric patients with UL, whereas anatomic urinary abnor-
malities and infection were found in 8-32% and 2-24% of
cases, respectively [7, 23, 27-31]. Metabolic and anatomi-
cal etiologies have been reported to be common in Turkish
children with UL [5-8]. In our study, the rate of structural
urinary anomaly was 17%, urinary infection rate was 18%,
and the rate of having at least one metabolic disorder was
61.5%.

Structural anomalies that might cause obstruction or
urinary stasis such as UPJ obstruction, UV stenosis, VUR,
posterior urethral valves, and polycystic kidney can facilitate
the formation of kidney stones. Anatomical abnormalities
of the urinary tract are found in 8-32% of children, and in
12.6-19.7% of infants with UL [1, 5, 13, 20]. UPJ obstruc-
tions and vesicoureteral reflux are the two most common
urinary tract abnormalities seen in 11% and 9% of all chil-
dren, respectively. Among pediatric stone disease patients,
UPJ obstruction was found in 40-55%, vesicoureteral reflux
in 33%, and UV stenosis in 13-22%. [32, 33]. In consistent
with the literature, we showed that ureteropelvic stenosis
(31%) and vesicoureteral reflux (19%) were the most com-
mon anatomic abnormalities as expected since they both
result in urinary stasis and UTL. In addition, although the
history of contracting antenatal hydronephrosis was higher
in infants than in children, we found that the rate of ana-
tomic abnormality was lower in infants contrary to expecta-
tions. This is probably because the vast majority of antena-
tal hydronephrosis spontaneously resolves in the postnatal
period. Cases with antenatal hydronephrosis that do not
resolve spontaneously in the following years are usually ana-
tomical anomalies that can cause urinary stasis and lead to
stone formation as a result. This may explain why we found
a higher rate of urinary tract anomalies in children with UL.

To increase the rate of success in treatment and prevent
stone recurrence, it is important to evaluate the metabolic
risk factors. Children with UL are more likely to have one or
more metabolic risk factors, compared with adults. There-
fore, the possibility of stone recurrence is higher in chil-
dren. Metabolic abnormalities have been reported in a wide
range of 12-96% in children with UL. This variability in
the percentages of detected risk factors might arise from the
differences between patient populations in ethnicity, nutri-
tion habits, socioeconomic factors, and geographic regions
[4, 30]. Although, most of the previous studies on pediatric
UL have reported the most common underlying metabolic

abnormality as hypercalciuria, current studies indicate that
there is a shift from hypercalciuria to hypocitraturia in terms
of the predominant metabolic abnormality in children with
UL, possibly due to changes in dietary habits over the years
[21, 27, 34, 35]. Hypercalciuria has been reported as the
main metabolic disorder in the studies focusing on infan-
tile UL [18-20, 26]. In our study, hypercalciuria in infants
and hypocitraturia in children were found at a higher rate,
which is in accordance with other global studies [18-20,
27, 29-35]. In addition, the incidence of hyperoxaluria
and cystinuria was higher in children when compared with
infants. It has been reported that the initial stone detection
in most patients with cystinuria occurs during older child-
hood or adolescence, as in our study [36]. The changes in
dietary habits and consumption of oxalate-rich foods among
the children seem to be an important cause of hyperoxaluria
in these children; studies have shown that hyperoxaluria is
significantly higher when the children are > 1 year and are
switched to solid foods [35].

There are limited reports on Vitamin D level and calcium
metabolism in children with UL. In these studies, it was
found that the risk of D hypervitaminosis, hypercalcemia
and hypoparathyroidism were higher in infants using vitamin
D and fed with formula, and it was recommended to be care-
ful about the risk of stone formation [37, 38]. In our study,
hypercalcemia, hypervitaminosis D and hypoparathyroidism
were found to be more prevalent in infants compared with
children. In Turkey, a daily routine of 400 u/day supplemen-
tation of vitamin D for infants is a health policy. But some-
times, overdose usage of vitamin D is observed in infants.
Contrary to these findings, the rates of vitamin D deficiency
and hyperparathyroidism were also higher in children. This
may be due to the widespread sedentary lifestyle of children
and adolescents resulting in low exposure to sunlight.

Consistent with the previous studies [8, 19, 38, 39], in this
study, certain differences were found between infants and
children in terms of radiological findings and the features
of the stone. Infant stones tended to be mostly non-opaque/
semi-opaque and multiple in number, and the rate of micro-
lithiasis was higher among infants. While upper urinary tract
stones were more common in all age groups, ureter and blad-
der stones were more prevalent in children. Calcium oxalate
stones were the most common stone types in both infants
and children, while the majority of mixed type stones were
found in infants.

There is a lack of consensus regarding the evaluation and
treatment strategies in children and infants with UL. For
many years, children have been evaluated and treated like
“small adults”, but there are significant differences between
the pediatric and the adult age.

In children, unlike adults, metabolic abnormalities are
more common leading to stone recurrence [4]. In this study,
infants and children with UL were evaluated in terms of their
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medical treatment and response to the treatment, and impor-
tant results were obtained. Spontaneous stone resolution was
observed in 88% of infants and children to whom medical
treatment was not administered and were only recommended
conservative treatment. Spontaneous stone resolution was
associated with stone size and the presence of metabolic risk
factors, rather than the patient’s age. The presence of hyper-
echogenic spots <3 mm in diameter in the renal calyces are
defined as renal calyceal microlithiasis [11]. Certain studies
claimed that microlithiasis might be the beginning step in
stone formation [11, 19, 20]. On the other hand, especially in
infant kidney, misinterpretation of hyperechoic appearance
of Bertin column and arcuate artery on sonography may
also contribute to the increased incidence. Therefore, it is
important that the diagnosis of microlithiasis is established
by pediatric radiologists or radiologists experienced in pedi-
atric ultrasound. In our study, spontaneous stone resolution
was more prominent in patients with microlithiasis (85.4%)
when compared to those with larger stones. In studies on
microlithiasis, spontaneous stone resolution rates of 60-80%
were reported. Therefore, it is recommended that patients
with stone size <3 mm should be followed only with pre-
ventive measures without any medical treatment [11, 19, 20,
26]. In our study, spontaneous recovery was observed more
frequently in patients without any metabolic abnormalities
(48.7%) than in those having MRF (29.1%). In accordance
with this, stone remission rates with medical treatment were
found to be higher in patients with MRF (+) than in those
with MRF (—). In the light of the results of our study, we rec-
ommend that, regardless of the age of the pediatric patient
with UL, patients with microlithiasis and patients without
any metabolic or anatomic risk factors should be followed up
without medical treatment. Besides, if a patient has an MRF,
specific medical treatment targeting the existing metabolic
abnormality should be administered.

Limitations of this study: if the follow-up period had not
been limited to 1 year, longer follow-up results might have
been different. We could also have not relapse rates over
the years.

The strength of our study is that it is a large-scale study
of 2513 cases comparing many different characteristics of
children and infants with UL.

Conclusions

This study presents the largest case series in the literature
comparing infants and children with UL and detecting sev-
eral differences, such as gender predominance, presenting
symptoms, underlying metabolic and anatomic abnormali-
ties, frequencies of UTIs, stone features, clinical course, and
stone remission rates. Identifying the underlying risk factors,
especially metabolic abnormalities, for children and infants

@ Springer

with UL as early as is possible is necessary to avoid consid-
erable morbidity. We suggest that infants with microlithiasis
can be followed up without treatment if they do not have any
metabolic and anatomical risk factors. We also recommend
that if children with UL have any metabolic abnormalities,
they should be treated for the current metabolic abnormal-
ity. Children with UL who received as well as children who
did not receive treatment should be followed up regularly by
both pediatric nephrologists and pediatric urologists.
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