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ABSTRACT

Article Type:

Introduction: Nephrolithiasis has been increasingly recognized in recent years. Urine metabolic
abnormality is the main cause of renal stone in children. Therefore, identification and medical
treatment of metabolic abnormalities have been suggested as an alternative approach to surgical
treatments.
Objectives: This study was performed to evaluate the therapeutic effect of urine alkalinization and
metabolic management in children with renal stone.
Patients and Methods: A total of 300 children (from 408 renal clinics) with nephrolithiasis were
enrolled in this study. All of them were treated by supportive managements, including urine
alkalinization and specific medical treatment of underlying metabolic abnormality. Improvement
was defined as stone resolution, stone passage or decrease of stone dimension.
Results: Mean age at diagnosis was 28.7 ± 2.6 months (1-150 months). About 78.8% of patients had
metabolic abnormality, of which, hypercalciuria (51.7%) and hypocitraturia (33.4%) were the most
common causes, respectively. Resolution of renal stone occurred in 89.7% of patients after one year
follow up, more in children less than 5 years (P = 0.003), and stones smaller than 5 mm (P < 0.001).
However, 87.5% of large stones (5-12 mm) improved by medical treatment.
Conclusion: Pharmacologic treatment is recommended in young children with small
nephrolithiasis. Pharmacologic treatment also suggested as a primary intervention in children
with uncomplicated large renal stones, and prior to invasive surgical management.
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Implication for health policy/practice/research/medical education:

Management of renal stone, especially non-complicated large nephrolithiasis has been a clinical challenge to reduce surgical
procedures and related complications. This study was performed to evaluate the efficacy of general and specific medical
treatments in children with renal stone.
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Introduction
Nephrolithiasis is a relatively rare disorder in children,
which constitutes 2%-3% of all patients with renal
stones (1). High concentration of urinary inhibitors
(magnesium citrate) with low Bonn-Risk-Index are the
main inhibitory mechanisms of renal stone formation in
children (2,3). However, the incidence of nephrolithiasis
has been increased globally in the last 25 years (6%-10%),
secondary to high salt intake and low water drinking in
children (4,5).
About 16% of these patients have a history of recurrent
nephrolithiasis, which emphasizes the appropriate
prevention of new stone formation and growth of existing
renal stone. Treatment of nephrolithiasis has been
changed during the last three decades, with a shift toward

less invasive conservative management (4,6). Medical
dissolution therapy has been considered a safe, well
tolerated, and effective strategy with low complication rate
in the previous studies (7,8).
Objectives
According to a few clinical trials (4), the purpose of this
study was to evaluate the efficacy of medical treatment
including urine alkalinization and specific treatment of
urine abnormalities.
Patients and Methods
This is a cross-sectional study on 302 children (52.6%
males) with nephrolithiasis, followed in pediatric
nephrology clinics on average 28±15 (12-48) months.
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Patients with urinary tract infection, endocrine or
gastrointestinal disorders, renal impairment, vitamin D
intoxication, hypercalcemia, hyperuricosuria, obstructive
renal stone, and surgical uropathies were excluded from
the study.
Renal stones were diagnosed by renal ultrasound in
the majority of patients. Meanwhile, spiral CT scan was
done for detection of small stones or ureteral calculi.
Microlithiasis was defined as urinary calculi ≤3 mm and
nephrolithiasis as urinary stones >3 mm.
Study design
A 24 hours urine collection was performed for evaluation
of metabolic compounds in children with nephrolithiasis.
Urine calcium was measured using ion selective electron
method, and urine uric acid was calculated by the
uricase method. In addition, urine citrate and oxalate
were calculated by the enzymatic procedure. Cystine
excretion was documented by determination of hexagonal
cystine crystals or discoloration of Na nitroprusside.
Abnormal values for urine biochemistry were as follows:
hypercalciuria; urine calcium >4 mg/kg/d, hyperoxaluria;
urine oxalate >0.5 mmol/1.73 m2 body surface area (BSA)/
day, hyperuricosuria; urine uric acid >815 mg/1.73 m2
BSA/day, and hypocitraturia; urine citrate <320 mg/1.73
m2 BSA/day and hypomagnesuria; urine Mg <88 mg/1.73
m2 BSA (9).
Increased fluid intake, dietary salt restriction (<2-3
mEq/kg in young children and 2-4 g in older ones), high
K diet, 100% RDA requirement for protein and calcium,
in addition to simultaneous treatment of underlying
metabolic abnormality were advised in all patients.
Accordingly, hydrochlorothiazide was used in children
with hypercalciuria at a dose of 1-2 mg/kg/d. Children
with hyperoxaluria were treated by limitation of oxalate
rich diet and pyridoxine (10-20 mg/kg/d). Meanwhile,
captopril was prescribed in all children with cystinuria
(4,10).
Urine alkalinization with potassium citrate solution
(2 mEq/L K) or pills (5 mEq) was used in patients with
different variants of metabolic abnormalities at the dose
of 1-2 mEq/kg/d in 2-3 divided dose. Medical treatment
was controlled by obtaining target urine PH (6.2-6.8 in
calcium based stone, 7 in hyperuricosuria, more than 7
in cystinuria), and continued after 6 months of stone
resolution. All patients were followed every 3-4 months
by serial ultrasound for at least one year.
Medical response was considered as stone passage,
complete or partial stone dissolution or decreased stone
size or number. Recurrence or treatment failure was
applied for patients with new stone formation or stone
enlargement.
Ethical issues
The research followed the tenets of the Declaration of
Helsinki. The Ethics Committee of Ahvaz Jundishapur
2
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University of Medical Sciences approved this study.
Accordingly, written informed consent was taken from all
legal guardians and parents before any intervention. This
study was extracted from M.D., thesis of Kamran Shehni
Nejadpour at this university (Thesis # GP94089).
Data analysis
Statistically, continuous variables were expressed as mean
± standard deviation (SD), and discrete variables were
identified as percentage. The χ2 and Fisher’s exact tests
were used to identify significant differences between
proportional nominal data. Meanwhile, numerical data
were compared by the student’s t test. A P value < 0.05 was
considered statistically significant.
Results
Mean age at diagnosis was 28.7 ± 2.6 months (range;1-150)
months, and 80.8% were younger than 5 years old at the
time of diagnosis. Gender distribution was relatively equal
(M/F: 1.1/1). A family history of renal stone was found in
81.3%, and 62.4% of parents were relatives. Demographic
and clinical characteristics of patients are presented in
Tables 1 and 2.
Metabolic abnormality was found in 78.8% of patients.
Stone was unilateral in 64.9% (41% left kidney, 24% right
kidney), and bilateral in 35% of their population. Totally,
nephrolithiasis was found in 408 renal units (56.37% left
kidney and 43.62% right kidney).
Renal stone was less than 5 mm in 59.8% and 5-12 mm
in 40.2% of renal units. There was no statistical correlation
between stone dimension with metabolic abnormalities,
age and gender of patients. However, hypercalciuria (P <
0.001), hypocitraturia (P = 0.04) and hypomagnesuria (P
= 0.001) were more common in children younger than 5
years old. In addition, nephrolithiasis was more common
in patients with structural abnormalities (P < 0.001).
Table 1. Demographic and clinical characteristics of patients

Variables

Values

Mean age at diagnosis (m)

28.7±2.6 (1-150)

Gender (%) male/female

52.6/47.4 (1.1/1)

Abdominal pain

65%

Dysuria

35%

UTI

30.4%

Nocturnal enuresis

17.2%

Asymptomatic

22.5%

All above

2.3%

Distal RTA

11.4%

Anatomical abnormalities

6%

Left kidney

41%

Right kidney

24%

Bilateral

35%

UTI: urinary tract infection, RTA: renal tubular acidosis.
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Table 2. Number of renal stones in each kidney

Stone number

Table 3. Follow up of renal stones

Right kidney (%)

Left kidney (%)

1

91 (51.1)

121 (52.6)

2

38 (21.3)

3

22 (12.4)

Follow up

Total
kidneys

Resolution
(%)

Partial
No change
improvement (%) %

53 (23)

One year

408

293 (71.8)

73 (17.9)

42 (10.3)

14 (6.2)

Two years

238

184 (77.3)

38 (16)

16 (6.7)

135

99 (73.3)

24 (17.7)

12 (9)

103

91 (88.3)

5 (4.8)

7(6.9)

4

21 (11.9)

28 (12.2)

Three years

5

2 (1.1)

6 (2.6)

Four years

≥6

4 (2.2)

8 (3.4)
Table 4. Improvement of renal stones based on metabolic abnormality

All cases were followed for 28 ± 15 months (12-48).
Medical response occurred in 89.7% at the first year of
follow up, 93% at 2 years, 91% at 3 years and 93% at the
end of follow up, respectively. Stone free rate was 71.8% at
the first year, and increased to 88.3% at 4 years of follow
up (Table 3). About 26 (8%) of stone free patients had
recurrent nephrolithiasis (10 cases in the 2nd, 13 at 3rd and
3 in 4th year of follow up).
Medical response occurred in 87.5% of 5-12 mm
renal stones at the first year of follow up, compared to
90% in stones smaller than 5 mm (P < 0.001). Therefore,
resolution was more common in small stones. However,
medical treatment was a reasonable option in the high
percentage of large stones.
Improvement of renal stone occurred in 91.5% of
children younger than 5 years at the end of first year follow
up, compared to 82.3% in older children (P = 0.003).
Therefore, young children had significantly better
response to conservative medical treatment.
However, metabolic abnormality (Table 4), familial
history of nephrolithiasis, gender, and unilateral or
bilateral renal involvement had no significant correlation
to the medical response and stone resolution.
None of our patients experienced significant
complication of medical treatment, which was suggested
as a safe and well tolerated modality. However,
gastrointestinal discomfort was the most common
complication in about 2% of children, which was improved
by daily dose adjustment or drug withdrawal.
Discussion
Optimal management of renal calculi has shifted
from invasive surgical procedures to low complicated
pharmacologic treatments. We showed appropriate
resolution of renal stones with urine alkalinization
and specific management of underlying metabolic
abnormalities.
Mean age at diagnosis of renal stone was 28.7 ± 2.6
months in our patients, which was in the average reported
age of 2.5-8 years. Totally, 80.8% of our patients were <5
years at the time of diagnosis, similar to 68-80% incidence
in the other studies (7,10).
Male predominance of nephrolithiasis (1.2-4.1) has been
reported in the previous studies, with a recently rising
http://www.jnephropharmacology.com

Variables
Hypocitraturia

Positive (%)

Negative (%)

P value

85

91.6

0.071

Cystinuria

78.9

90.2

0.114

Hypercalciuria

89.9

89.5

0.885

Hyperuricosuria

89.3

89.9

0.857

Hyperoxaluria

86.8

91

0.192

Hypomagnesuria

88.3

90.1

0.609

incidence in female gender. Similarly, nephrolithiasis was
relatively more common in males (1.1/1) in our study.
The most common symptoms were abdominal pain,
restlessness and dysuria in 65% of patients, which was in
accordance with the other reports (10,11).
About 81.3% of our patients had a familial history of
renal stone, which has been reported in 12-75% of patients,
previously. The high incidence of familial nephrolithiasis
might be related to more intermarriage in our population.
Around 62.4% of our parents were relatives, compared
to 27%-68% in the other nations. Accordingly, screening
has been recommended in young children with a familial
history of nephrolithiasis in developing countries (12).
Bilateral nephrolithiasis has been reported in 21%-48%
of patients (10,12). About 35% of our patients had bilateral
nephrolithiasis, with no significant correlation to urine
metabolic abnormalities and stone resolution.
Metabolic abnormality has been considered a common
cause of nephrolithiasis in children, with an incidence
of 40%-84% (10). Additionally, 78.8% of our patients
had metabolic abnormalities, with predominantly
hypercalciuria (51.7%) and hypocitraturia (33.4%), in
accordance with the other reports (11).
Therefore, identification of predisposing metabolic
risk factors has been recommended in these patients for
determination of the best therapeutic and preventive
management (10).
Pharmacologic treatment of nephrolithiasis has
been recommended in the failure of fluid and dietary
modification, primary metabolic disorder, and genetic
hypercalciuria with normal serum calcium. Citrate
compounds, allopurinol and thiazide are effective
therapeutic agents in patients with hyperuricosuria and
hypercalciuria. Urine citrate is a known inhibitor of
Journal of Nephropharmacology, Volume 10, Issue 2, 2021
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calcium stone formation by decreasing calcium excretion
and saturation, prevention of crystal nucleation and
formation of soluble calcium compounds. Hypocitraturia
has been suggested as the most frequent metabolic risk
factor of calcium based renal stone, with an incidence of
19%-60%. Potassium citrate is an effective and standard
treatment for dissolution of existing renal stones, and
prevention of new stone formation in patients with
hypocitraturia, normal citrate excretion, hyperoxaluria,
hyperuricosuria, and cystinuria. However, monitoring
of urine PH is recommended in calcium renal stones to
prevent further urine alkalinization and formation of
calcium phosphate crystals (1,13-15).
Sodium bicarbonate is another reasonable alternative
for urine alkalinization in patients with renal insufficiency
or at risk of hyperkalemia. However, inhibition of calcium
reabsorption by decreasing renal Na loading will attenuate
the beneficial effect of alkaline treatment (7,14).
Stone resolution occurred in 89.7-93% of our patients
after one year follow up with medical treatment, in
accordance with 30%-100% in the other reports (7,10,14).
In addition, resolution was more common in children
<5 years old, since we recommend medical treatment in
young children with nephrolithiasis. Similarly, Ohkawa et
al (16) reported high response to urine alkalinization at
younger age.
Medical management was significantly more effective
in renal stones <5 mm in our study, which has been
also reported in Gürgöze et al (10) study. However,
improvement of non-complicated large stones, although
non-significant, was an important finding in our study.
Recurrence of renal stones is lower in children, compared
to adults. Different studies showed 0-19% recurrence
during 16-84 months follow up (4,15). Similarly, a low
number (8%) of our patients had recurrent nephrolithiasis
during 4 years follow up, more in the first years.
Recurrence of nephrolithiasis has been reported in 50%
of children with metabolic abnormality, compared to 10%
without risk factor, which denotes to the preventive effect
of potassium citrate in recurrent calcium stone disease
with hypocitraturic normocalcemia or hypercalcemia, in
addition to hyperuricosuria and uric acid stone (1,14-17).
Recurrence of nephrolithiasis decreased from 0.32 to
0.17 patient/year by potassium citrate treatment in Tekin
et al study (14). In addition, Tasian et al showed 53%
less stone recurrence after two years of citrate treatment
(4). New stone formation and growth of residual
calculus fragments decreases with potassium citrate in
hypocitraturic children (18).
Conclusion
Urine alkalinization and improvement of urine metabolic
abnormality are considered as effective treatments
of renal stones in young children, and suggested as
appropriate alternatives of invasive surgical procedures in
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uncomplicated large stones.
Limitations of the study
Although medical response and resolution occurred in
a high number of children with large renal stones, but a
relatively low number of large stones was a limitation of
this study, which emphasized on further studies in the
larger groups of these patients in different populations.
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