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Abstract Data on conservative treatment in children with
urolithiasis are limited. The aim of the study was to
determine the metabolic etiology and results of conserva-
tive treatment in children with urolithiasis. We evaluated
the clinical presentation and metabolic features of 112
children with urolithiasis. The mean age at diagnosis of
urolithiasis was 3.9 (range 0.1–18) years, and follow-up
duration was 16.7 (range 1–36) months. The most common
presenting symptoms were flank or abdominal pain and
restlessness (25%). Urine analysis revealed metabolic
abnormalities in 92% of cases, including hypocitraturia
(42%), hyperoxaluria (32.1%), hypercalcuria (25%), hyper-
uricosuria (9.8%), and cystinuria (2.7%). Patients who had
metabolic risk factors were treated according to underlying
metabolic abnormalities. About half of these patients were
stone free or stones were diminished in size. These results
showed that early recognition and treatment of urinary
metabolic abnormalities will reduce the number of invasive
procedures and renal damage in children with urolithiasis.
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Introduction

Urolithiasis is a significant health problem and very common
in some parts of the world. Most recent studies report that the

incidence has increased significantly in both adults and
children [1, 2]. Incidence in Turkish school children was
reported to be 0.8% [3]. Urolithiasis can cause deterioration
of renal function and permanent damage to the kidney. It has
been reported that 4–8% of all cases of chronic renal failure
in Turkey have been secondary to urinary-stone disease
[4, 5]. Urolithiasis has multifactorial etiologies. Apart from
anatomical defects and infections, urolithiasis is more often
associated with underlying metabolic abnormalities, which
have been reported in 40–84% of children [6–8]. Determin-
ing specific etiology is very important to appropriate treatment.
Medical treatment is aimed at protecting the patient from
further growth of existing stones and from the development of
new stones, thus decreasing morbidity and the need for surgical
intervention. Hence, under these circumstances, medical
treatment means prevention. To achieve this goal, it is
important for one to obtain stone analysis, if feasible, and urine
chemistry analysis as early as possible. In this prospective
study, we investigated clinical features, metabolic risk factors,
and medical treatment results in children with urolithiasis.

Patients and methods

The study enrolled 112 children with urolithiasis diagnosed and
followed in the department of pediatric nephrology between
May 2007 and April 2010. Urolithiasis was diagnosed using
ultrasonography (US) by the two radiologists. In such cases,
color Doppler US was used, as the wall of blood vessels can
mimic stones appearing as echogenic foci. However, US or
color Doppler US are not as sensitive as computed tomography
(CT) for detecting small stones or stones in the ureter.
Therefore, if stones were strongly suspected, the diagnosis
was confirmed by CT without the use of contrast agents.
Urinary calculi≤3 mm were defined as microlithiasis and
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urinary calculi >3 mm as urolithiasis [9]. Voiding cystoureth-
rography (VCUG) and intravenous pyelography (IVP) are not
done routinely in patients with urolithiasis. VCUG was done
in patients with recurrent urinary tract infection (UTI) and/or
hydronephrosis. Patients with structural urinary tract obstruc-
tion were not included in the study.

Blood serum and urine analysis were performed when the
patients were first seen by the clinician. Urine cultures were
sent for bacteriological examination if there were clinical and
laboratory findings of UTI. In patients with UTI, metabolic
evaluation was performed after the UTI was treated. Twenty-
four-hour urine collection was obtained from all patients, and
samples were placed in an acidified container 0.2 ml 6 M
hydrochloride (HCl) for calcium, in alkaline media for uric
acid, and in neutral media for oxalate, citrate, and cystine
testing; samples were sent the laboratory without delay.
Twenty-four-hour urine analysis according to the normal
values was taken into consideration. Hypercalcuria, hyper-
oxaluria, hyperuricosuria, and cystinuria was diagnosed if the
amounts of those compounds in the urine >4 mg/kg per 24 h,
0.5 mmol (45 mg)/1.73 m2 per 24 h, 815 mg/1.73 m2 per
24 h, and 75 mg/1.73 m2 per 24 h, respectively. Hypoci-
traturia was defined as citrate excretion >320 mg/1.73 m2 per
24 h [8]. Stone samples obtained by spontaneous passage, or
open operation in six children, were sent to the Institute of
Mineral Inspection and Research Laboratory for analysis.

Therapeutic interventions

Fluid intake (>2.5 L/m2 day) was advised to all patients.
Patients with metabolic risk factors were treated according
to underlying metabolic abnormalities. In children with
hypercalciuria, dietary sodium restriction along with high-
potassium and potassium citrate solution (potassium citrate
100 mg, sodium citrate 100 mg in each 1,000 ml) or
potassium citrate pill (Urocit-K®; contains potassium citrate
540 mg in each pill) was used. Potassium citrate solution
contains approximately 2 mEq/ml potassium. Starting
dosage of solution is 2 ml/kg body weight divided into three
doses a day. Chlorothiazide (15–25mg/kg day) was offered to
hypercalciuric patients resistant to dietary modifications and
potassium citrate. In children with hyperoxaluria, foods rich in
oxalate and ascorbic acid were restricted. Pyridoxine
(10–20 mg/kg day) was also administered. Potassium citrate
was used in patients with hyperoxaluria who were unrespon-
sive to pyridoxine and dietary modifications. In children with
hypocitraturia only, potassium citrate was administered. In
children with hyperuricosuria, fluid intake together with
alkalinization of the urine to a pH value >7 with an
appropriate agent (potassium citrate or sodium bicarbonate)
was administered. In children with cystinuria, dietary sodium
and protein restriction and urinary alkalinization with potas-
sium citrate to maintain a urinary pH >7 were recommended.

Tiopronin (Thiola ® 15 mg/kg day) was used in patients with
hypercystinuria who were unresponsive to potassium citrate
and dietary modifications [10].

Follow-up

All patients were followed up every 4–8 weeks for stone
status. Serial US was used at each visit. Urine dipstick tests
and microscopic examinations were performed at every
control. Both urine pH and density were evaluated to assess
the effect of administration of alkali or to check the
patient’s compliance regarding sufficient fluid intake.
Potassium citrate was stopped after 6 months of the patient
being stone free. Patients in whom stone size increased and
urinary obstruction developed were sent to a pediatric
urologist.

Statistical analysis

Descriptive statistics were performed as statistical analysis
using the computer software SPSS version 11.5.

Results

In this study, the patient group consisted of 62 male and 50
female patients (ratio 1.24:1). Mean age at diagnosis was
3.9 (range 0.1–18) years and follow-up duration
16.7 (range 1–36) months. On admission, 31 children

Table 1 Characteristics of patients with urolithiasis

Patient characteristics

Number 112

Boys/girls 60/52

Mean age, years (range) 3.9 (0.1-18)

Mean follow-up time, month (range) 16.7 (1-36)

Age distribution on admission

<1 years 31 (27.7%)

1-5 years 46 (41.1%)

5-10 years 22 (19.6%)

>10 years 13 (11.6%)

Positive family history 62 (55.4%)

Symptoms of patients at first presentation

Abdominal/flank pain 28 (25%)

Restlessness 28 (25%)

Urinary tract infection 20 (17.9%)

Hematuria 13 (11.6%)

Dysuria 6 (5.4%)

Stone drop 4 (3.6%)

Enuresis 3 (2.7%)

Asymptomatic 10 (8.9%)
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(27.7%) were <1 year, 46 (41.1%) 1–5 years, 22 (19.6%)
5–10 years, and 13 (11.6%) >10 years. The most
common presenting symptoms on admission were
abdominal and/or flank pain and restlessness (25%).
Presenting symptoms and features of patients with
urolithiasis are shown in Table 1. Thirty-seven children
(33%) had a history of recurrent UTI. A positive family
history for urolithiasis was determined in 62 children
(55.4%). Stones were located in the kidney in 105 of 112
children (93.8%), in the ureter in two (1.8%), and in both
the kidney and the ureter in five (4.4%). Twenty-six
patients (23.2%) had multiple stones with bilateral
localization. Stones measuring≤3 mm (microlithiasis)
were found in 28 (25%) children, whereas 87 (75%)
children had stones >3 mm. Vesicoureteral reflux was
detected in 12 children. Reflux was graded as I in ten
children and III in two children. Serum calcium levels
were >10.8 mg/dl in five children. Patients with hypercal-
cemia had normal parathormone levels.

Urine evaluation revealed that the most common
metabolic abnormalities were hypocitraturia in 47 (42%)
children, followed by hyperoxaluria in 36 (32.1%),
hypercalcuria in 28 (25%), hyperuricosuria in 11
(9.8%), and cystinuria in three (2.7%). Only nine (8%)
children were normal for all parameters. Although
hypocitraturia was the most common metabolic abnor-
mality for all ages, hypercalcuria (41.7%) was the most
common in children >10 years. Patients also had multiple
urine risk factors (Table 2). Stone analysis was available
for six children. Stone size was between 3 and 15 mm.
Four stones were whewellite and/or weddellite, one was
cystine, and one was struvite.

Patients with metabolic risk factors were treated accord-
ing to underlying metabolic abnormalities. One hundred
and four children were followed up with only conservative
treatment (pharmacological and/or nonpharmacological). At
the time of their last outpatient visit, stone condition of
these patients was evaluation. Fifty-nine (52.7%) were

stone free or the stone was diminished in size; 43 (38.4%)
showed no alteration in stone size; whereas stone size
increased in ten (8.9%). When patients who were stone free
or in whom stone size was diminished were compared with
the other patients, it was determined that the initial size of
stones was lower in children who became stone free or
whose stone size diminished (mean size 5.1±2.3 mm
compared with 6.4±3.3 mm, p<0.05). Furthermore, stone-
free patients or those with diminished stone size were
determined to have hypocitraturia 42.4% as the most
frequent metabolic abnormality. However, hyperoxaluria
50% was the most frequent metabolic abnormality in
patients whose stone grew during treatment. Because of
urinary obstruction, extracorporeal shock-wave lithotripsy
(ESWL) was performed in one patient and open surgery in
seven. Treatment results are shown in Table 3.

Discussion

Determining the etiology in urolithiasis cases plays a key role
in planning successful treatment and preventing recurrence.
Over recent decades, the etiology of urolithiasis in children
has shifted from predominantly infectious to metabolic causes
[8]. Many studies have reported a male predominance in
childhood urolithiasis, with the ratio varying from 1.2:1 to
4:1 depending on the series [7, 11, 12]. In our study,

Metabolic evaluation All patients n (%) ≤10 years n (%) >10 years n (%)

Hypocitraturia 47 (42) 46 (46.5) 1 (8.3)

Hyperoxaluria 36 (32.1) 31 (31.3) 5 (38.4)

Hypercalcuria 28 (25) 23 (23.2) 5 (41.7)

Hyperuricosuria 11 (9.8) 11 (11.1) _

Cystinuria 3 (2.7) 3 (3) _

Hypercalcuria + hyperoxaluria 5(4.4) 5 (4.4) _

Hypercalcuria + hyperuricosuria 5 (4.4) 5 (4.4) _

Hypercalcuria + hypocitraturia 4 (3.5) 4 (3.5) _

Hyperoxaluria + hyperuricosuria 4 (3.5) 4 (3.5) _

Hypocitraturia + hyperoxaluria 2 (1.7) 2 (1.7) _

Hypocitraturia + cystinuria 2 (1.7) 2 (1.7) _

Table 2 Metabolic abnormali-
ties in children with urolithasis

Table 3 Results of treatment modality

Treatment Number (%)

Conservative 104 (92.8)

Stone free/diminished in size 59 (52.7)

Stone size not altered 43 (38.4)

IStone size increased 10 (8.9)

Extracorporeal shock-wave lithotripsy 1 (0.9)

Open Surgery 7 (6.3)
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urolithiasis was detected more commonly in males, as shown
in those studies. Recent studies from various countries
reported a mean age of 4.2–8.2 years for urolithiasis cases
[7, 11–14]. We found a lower mean age of 3.9 years in our
study; 68.8% of children were <5 years of age at admission.
Children with nonspecific symptoms were evaluated by renal
US, and this may have led to the early diagnosis of
urolithiasis in our study. In the literature, the ratio of family
history varies from 11.8% to 21.9% [12, 13, 15, 16]. A
positive family history of urolithiasis was present in half of
our patients. The rate of intermarriage in our region is very
high, which may be related to the genetic tendency
toward urolithiasis in our study group. The majority of
urolithiasis identified in our study was located in the
upper urinary tract, which is consistent with the results of
many recent studies [7, 11, 12, 17]. The presenting signs
and symptoms of pediatric urolithiasis are different from
those in adults. The most common findings in children are
flank or abdominal pain with or without hematuria Similar
to our results, flank or abdominal pain, hematuria, and
restlessness were reported as the most common symptoms
in previous studies [7, 8, 11, 17, 18].

Urinary metabolic abnormality was present in 92% of
cases, the most frequent being hypocitraturia. Other
abnormalities were hyperoxaluria, hypercalcuria, hyper-
uricosuria, and cystinuria. In a recent series from
Turkey, Tefekli et al. [19] found hypocitraturia in
60.6% of children with urolithiasis, being the most
prevalent metabolic risk factor in that group. In other
recent series in children, VanDervoort et al. [2] found that
hypocitraturia is the most frequent urine metabolic
abnormality in children. However, some reports from
western Turkey stress that hypercalcuria was the pre-
dominant risk factors in children with urolithiasis [11].
Together with hypocitraturia, hypercalcuria and hyper-
oxaluria are important risk factors in our region, whereas
in another Turkish city, hypercalcuria and hyperuricosu-
ria were the most common metabolic abnormalities [17].
As some recent studies have reported, the probability of
hypocitraturia was higher in the younger children with
urolithiasis [20]. It seems that the frequency of urinary
metabolic abnormalities change with age; however,
environment and diet are also important frequency risk
factors [21]. Thus, an underlying metabolic risk factor
has been identified in many cases of urolithiasis,
justifying detailed metabolic evaluation of each child
who has once had urinary stone disease.

After the metabolic risk factor was determined, 92.8% of
our patients were followed up with only conservative
treatment according to underlying metabolic abnormalities.
Half of these patients were stone free or had diminished
stone size during follow-up. Only eight patients required
ESWL or open surgery because of urinary obstruction. The

most prevalent metabolic risk factor was hypocitraturia in
stone-free patients or those with diminished stone size,
whereas the most prevalent metabolic risk factor was
hyperoxaluria in patients with increased stone size. Some
studies reported conservative treatment for children with
hypocitraturia, which was, however, not successful for
children with hyperoxaluria because most of the excreted
oxalate was endogenously produced [22, 23].One limitation
of our study is that we did not determine whether hyper-
oxaluria was genetic or absorptive.

In conclusion, identifying specific predisposing meta-
bolic factors in each patient is important for developing
the most effective therapeutic regimen. The appropriate
investigations of a child presenting with signs and
symptoms of urolithiasis will allow earlier recognition
of the problem. Preventing renal damage and disease
recurrence may be possible with appropriate treatment of
the urinary metabolic abnormality in children with
urolithiasis.
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