
O
ri

g
in

a
l 
P
a

p
e
r

KIDNEY DISEASES

53Iranian Journal of Kidney Diseases | Volume 8 | Number 1 | January 2014

Predisposing Factors for Infantile Urinary Calculus in South-
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Introduction. Urinary calculi in infants are relatively infrequent, 
but their incidence has increased in the recent decades. The aim of 
this study was to investigate the clinical presentation, metabolic 
risk factors, and urinary tract abnormalities in infants suffering 
from kidney calculus. 
Materials and Methods. A total of 152 infants were admitted between 
2009 and 2012 with ultrasonography-proven urolithiasis. A Foley 
catheter was fixed and 24-hour urine samples were analyzed for 
calcium, citrate, oxalate, uric acid, and magnesium. For detecting 
cystinuria, qualitative measurement of urinary cystine was done 
by nitroprusside test. Urinary tract structural abnormalities were 
also evaluated.
Results. The mean age at the diagnosis of kidney calculus was 5.46 
months (range, 15 days to 12 months). The most common clinical 
findings were restlessness and urinary tract infection. A family 
history of calculi was found in 67.1% of the patients and 68.4% 
were born to consanguineous marriages. Metabolic abnormalities 
and urinary tract abnormalities were found in 96.1% and 15.1% 
of children, respectively. Urinary tract abnormalities were more 
common in girls. The most common metabolic risk factors were 
hypercalciuria (79.6%) and hypocitraturia (40.9%). Hyperoxaluria 
and hypomagnesuria were found in about 28% of patients, both 
of which were associated with bilateral urolithiasis. 
Conclusions. These findings show that urinary metabolic 
abnormalities are very common in infants with urolithiasis. 
Appropriate evaluation of urinary metabolic parameters can lead 
us to proper diagnosis and treatment.
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INTRODUCTION
Urinary calculi in infants are relatively infrequent, 

but its incidence has increased in the recent decades.1 
This may be due to increased awareness to this 
entity or routine use of ultrasonography examination 
in children presented with specific or nonspecific 
symptoms for urinary calculus. The knowledge of the 
pathophysiology of urinary calculus in children has 

increased in the recent years. Predisposing factors 
for urinary calculus in childhood are multifactorial, 
including genetic inheritance, nutrition, metabolic 
abnormalities, environmental factors, infectious 
causes, and urinary tract abnormalities.2 Most 
children with urinary calculi have an underlying 
metabolic abnormality, including hypercalciuria, 
hypocitraturia, hyperoxaluria, hyperuricosuria, 
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and cystinuria.3,4

There are ample data about urinary calculus 
in children,5-8 but there have been few studies 
s p e c i f i c a l l y  o n  m e t a b o l i c  r i s k  f a c t o r s  i n  
infants.9-11All previous studies in infants have 
been based on biochemical tests on a random 
urine sample that is an alternative method instead 
of standard 24-hour urine collection. The aim of 
the present study was to evaluate the clinical 
presentation, metabolic risk factors, and urinary 
tract abnormalities of infants suffering from urinary 
calculi in the south-west of Iran.

MATERIALS AND METHODS 
This study was carried out on 152 infants with 

urinary calculus admitted to Abuzar Children 
Hospital, the main referral center for sick children in 
Ahvaz, south-west of Iran. Recruitment was between 
July 2009 and March 2012. The study protocol was 
approved by the ethics committee of the Faculty of 
Medicine, Ahvaz Jundishapur University of Medical 
Sciences. Infants (younger than 12 month old) were 
enrolled when the calculus was diagnosed by a 
renal ultrasonography or spontaneous passage. 
The definition of urinary calculus was based on 
the presence of highly echogenic focus (≥1mm) 
with posterior acoustic shadowing of the calculus. 
Infants with kidney failure and genitourinary 
anomalies and those who were taking drugs that 
could affect mineral metabolism (corticosteroids, 
diuretics, and anticonvulsants) were excluded.

Data of the patients was recorded for sex, age, 
consanguinity marriage of parents, family history 
of urinary calculus, and presenting symptoms. 
In all of the patients, urine culture was done. In 
patients with urinary tract infection (UTI), all 
studies were postponed to recover after infection. 
The urinary tract was initially evaluated for 
structural abnormalities by renal ultrasonography. 
Renal scintigraphy using dimercaptosuccinic acid, 
voiding cystourethrography, and intravenous 
pyelography were performed, as indicated. The 
calculus diameter and its location were determined 
by ultrasonography. 

A Foley catheter was fixed and 24-hour urine 
samples were measured for urine volume and 
analyzed for calcium, citrate, oxalate, phosphate, 
uric acid, and magnesium. Blood samples were 
analyzed for venous blood gas and serum creatinine, 
urea, calcium, phosphorus, sodium, potassium, 

alkaline phosphatase, and parathyroid hormone. 
Abnormal values for urine constituents were 
defined as follows: hypercalciuria, >4 mg/kg/d; 
hyperoxaluria, >50 mg/1.73 m2 body surface area 
per day; hypocitraturia, < 320 mg/1.73 m2 per day; 
hypomagnesuria, < 1.24 mg/kg/d; hyperuricosuria, 
>815 mg/1.73 m2 per day (Table 1).12-15 For detecting 
cystinuria, qualitative measurement of urinary 
cystine was done by nitroprusside test. 

Continuous variables were expressed as mean 
± standard deviation and the discrete variables 
were expressed as percentage. The chi-square test 
and the Fisher exact test were used to examine the 
significance of difference between the proportions 
(nominal data) and the Student t test to find out 
the significance of difference between the means 
(numerical data). A P value less than .05 was 
considered significant.

RESULTS
The participants consisted of 152 infants with 

kidney calculi, of whom 89 (58.6%) were boys 
(girl-boy ratio,1:1.4). The average age of the 
infants was 5.46 ± 3.06 months (range, 15 days to 
12 months). Family history of kidney calculi was 
found in 67.1% of patients, 68.4% of whom were 
born from consanguineous marriages and 31.6% 
were of second-rate family. 

Restlessness (56.3%) and UTI (30.9%) were 
the most frequent presenting symptoms. Other 
presenting symptoms included hematuria, fever, 
nausea and vomiting, failure to thrive, bad smelling 
of urine, poor feeding, diarrhea, and calculus drop. 
Moreover, 1 patient was diagnosed prenatally. 

The calculi were detected incidentally in 40.3% 
of patients. They were located in the right and 

Characteristic Boys Girls All Patients
Mean age at diagnosis, mo 5.24 5.77 5.46
Family history of calculus 70.9 61.7 67.1
Consanguinity marriage 31.7 31.4 31.6
Presenting symptoms

Metabolic abnormalities 93.3 100 96.1
Restlessness 67.4 52.1 56.3
Urinary tract infection 18.5 48.3 30.9
Renal tubular acidosis 15.3 17.7 16.2
Structural abnormalities 6.7 27 15.1
Without risk factor 6.7 0 3.9
None (incidental finding) 43.5 35.8 40.3

Table 1. Characteristics of Infants With Kidney Calculus*

*Values are percentages, except for mean age.
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left kidney in 23% and 35.2% of the infants, 
respectively, and bilateral calculi were found in 
41.8%. The mean calculus diameter was 3.8 mm 
(range, 1mm to 13mm).

Urinary tract abnormalities were diagnosed 
in 15.1% of patients, which were significantly 
more common in girls (P = .001). These structural 
a b n o r m a l i t i e s  i n c l u d e d  h y d r o n e p h r o s i s , 
ureteropelvic junction stenosis, and vesicoureteral 
reflux.  All  of  these patients had metabolic 
abnormalities,  too.Metabolic abnormalities 
were found in 96.1% of the children; however, 
no predisposing factor was observed in 3.9%  
(Table 1).

The most common risk factors were hypercalciuria 
and hypocitraturia (Table 2). Hypercalciuria was 
found in 79.6% of patients, of whom 44% were boys. 
The mean 24-hour calcium excretion was 7.06 ± 
4.46 mg/kg/d. Renal tubular acidosis was found 
in 16.2% of the infants with hypercalciuria. In all 
cases, serum calcium and alkaline phosphatase 
was normal. The mean 24-hour calcium excretion 
showed a positive correlation with the mean of urine 
volume (P<.001), hyperuricosuria (P = .002), and it 
was significantly lower in cases with hypocitraturia 
(P = .002). Uric acid hyperexcretion was detected 
in 23% of the infants, who had hypercalciuria 
(P < .001; Figure). Renal tubular acidosis was found 
in 29.4% of these patients (P = .02). Hypocitraturia 
was found in 40.9% of the cases, of which 55.9% 
were boys. Hypocitraturia was significantly more 
common in hypercalciuric infants and those with 
normal uric acid excretion (69.4%, P =.002 and 
77.4%, P = .02, respectively). Hyperoxaluria and 
hypomagnesuria were found in 28% of the patients 
and both of them were significantly associated 
with bilateral urolithiasis (P = .006 and P =.005, 
respectively). Cystinuria was detected in 3.3% of 
the patients, of which 60% were bilateral. 

DISCUSSION
Infantile nephrolithiasis is not a rare situation 

in Iran, and the diagnosis of small calculi by well-
improved pediatric ultrasonography has been 
increasing in the recent years. This study presented 
metabolic risk factors, anatomic abnormalities, 
clinical presentation, and familial history of infants 
with urinary calculi in south-west of Iran. There 
are several studies on urinary calculi which include 
children younger than 1 year. Some of them have 
been produced in Turkey, Armenia, the United 
Kingdom, Iceland, Iran, Iraq, and Italy.9,10,16-21. 
However, metabolic risk factors were evaluated in 
this study by using 24-hour urine collection that 
is more reliable than random urine examination.  

The frequency of metabolic abnormalities varies 
from 15% to 90% of cases in the literature 14,22-24. In 
the present study, 96.1% of the infants had metabolic 
abnormalities. Hypercalciuria (79.6%) was the most 
frequent metabolic abnormality. This result is similar 
to most previous studies focusing on pediatric 
patients and infants.7,8,10,12,25,26 The second most 

Correlation between hypercalciuria and hyperuricosuria.

Boys Parents With 
Consanguineous Marriages

Family History of 
Calculus Bilateral Calculi

Risk Factor Overall 
Percentage Percentage P Percentage P Percentage P Percentage P

Hypercalciuria 79.6 55.4 .11 66.3 .60 68.9 .33 41.3 .80
Hypocitraturia 40.9 58.9 .69 76.5 .45 70.6 .82 34.8 .27
Hyperoxaluria 28.6 60.0 .66 60.0 .55 67.6 .68 61.8 .006
Hyperuricosuria 23.0 54.3 .55 68.4 .75 74.3 .30 46.9 .49
Hypomagnesuria 28.0 60.6 .68 60.0 .39 64.5 .64 65.4 .005
Cystinuria 3.3 80.0 .31 75.0 .87 60.0 .54 60.0 .32

Table 2. Metabolic Risk Factors in Infants With Kidney Calculus and Their Subgroups
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frequent metabolic abnormality was hypocitraturia, 
which was found in 40.9% of the infants. Similar 
to this study, Acar and colleagues and Alpay and 
coworkers showed that hypocitraturia was the 
second important risk factor.24,27 However, low 
urinary citrate excretion had been reported as the 
most frequent metabolic abnormalities in children 
with urinary calculi in some studies.1,28 In this 
study, concurrent hypercalciuria and hypocitraturia 
were found in 20.4% of the infants. Bastug and 
colleagues proposed that the most common 
underlying metabolic abnormality in infants with 
urinary calculi was hyperuricosuria (56%).9 In other 
studies, uric acid hyperexcretionwas detected in 
10.6% to 54% of the children.8,24-26 In the present 
report, however, hyperuricosuria was detected in 
23% of the infants. 

Urinary tract abnormalities have been considered 
as a predisposing factor for the formation of 
kidney calculi that promoted crystal retention and 
calculus formation with urinary stasis.22 In the 
present study, urinary tract abnormalities were 
detected in 15.4% of the infants. In other studies, 
it has been reported that about 10% to 19% of the 
children with calculi had an abnormality of the 
urinary tract.9,18,19,26,29

The previous studies on kidney calculi in infants 
have revealed boy preponderance, with the ratio 
varying from 1:1 to 4:1,9,10,25,30-32 and in some 
reports of pediatrics, boys and girls were affected 
equally.18,33 In this study, the boy-to-girl ratio was 
1.41:1.In addition, all metabolic abnormalities were 
more common in the boys; however, this difference 
was not significant.

Urinary calculi can occur in all ages. In this study, 
the average age of diagnosis was 5.46 months with 
a range of 15 days to 12 months, 69.7% of whom 
were younger than 6 months. The family history 
of urinary calculus and consanguineous marriages 
may increase the expectation of genetic forms of 
metabolic abnormalities. In this study, parents of 
68.4% of the infants had consanguineous marriage 
(including 31.6% second-rate family). In 2 studies 
from Turkey, 27% and 14% of patients were born 
from consanguineous marriages.10,30 Positive family 
history was detected in 67.1% of our patients. In 
2 reports of pediatric surgeons, positive family 
history in children with kidney calculi was 11.8% 
and 22%,19,34 and different rates were reported 
in Argentina (78.7%), Italy (69% to 78%), Turkey 

(63.5%), and the United Kingdom (33%).7,9,17,35

In the present study, restlessness and UTI were 
most common clinical presentations. In similar 
studies on infantile urolithiasis, UTI and restlessness 
were the major clinical symptoms.9,10 Restlessness 
could be the clinical reflection of colicky pain in 
infants. In other studies focusing on children, not 
specifically infant, UTI (especially in girls) and 
restlessness were also the most frequent presenting 
symptoms.7,8,24,32

CONCLUSIONS
The most common urine metabolic risk factors 

in infants with urinary calculi are hypercalciuria 
and hypocitraturia. Furthermore, when an infant 
is presented with nonspecific symptoms for kidney 
calculus, such as restlessness or UTI, a renal 
ultrasonography could be performed for detecting 
nephrolithiasis. However, if the kidney calculus is 
diagnosed, measurement of urinary metabolic risk 
factors by evaluation of 24-hour urine collection 
can lead us to proper diagnosis and treatment. 

ACKNOWLEDGEMENTS
This study was supported by the vice chancellor 

of the Research Center at Jundishapur University 
of Medical Sciences (No U-89085(.

CONFLICT OF INTEREST 
None declared.

REFERENCES
1. VanDervoort K, Wiesen J, Frank R, et al. Urolithiasis in 

pediatric patients: a single center study of incidence, 
clinical presentation and outcome. J Urol. 2007;177:2300-
5.

2. Noe HN, Stapleton FB, Jerkins GR, Roy S, 3rd. 
Clinical experience with pediatric urolithiasis. J Urol. 
1983;129:1166-8.

3. Srivastava T, Schwaderer A. Diagnosis and management 
of hypercalciuria in children. Curr Opin Pediatr. 
2009;21:214-9.

4. Worcester EM, Coe FL. Nephrolithiasis. Prim Care. 
2008;35:369-91, vii.

5. Sepahi MA, Heidari A, Shajari A. Clinical manifestations 
and etiology of renal stones in children less than 14 years 
age. Saudi J Kidney Dis Transpl. 2010;21:181-4.

6. Shi GQ, Wang ZJ, Feng ZJ, et al. A survey of urolithiasis 
in young children fed infant formula contaminated with 
melamine in two townships of Gansu, China. Biomed 
Environ Sci. 2012;25:149-55.

7. Spivacow FR, Negri AL, del Valle EE, Calvino I, Fradinger 
E, Zanchetta JR. Metabolic risk factors in children with 



Infantile Urinary Calculus—Alemzadeh-Ansari et al

57Iranian Journal of Kidney Diseases | Volume 8 | Number 1 | January 2014

kidney stone disease. Pediatr Nephrol. 2008;23:1129-33.

8. Tabel Y, Akin IM, Tekin S. Clinical and demographic 
characteristics of children with urolithiasis: single-center 
experience from eastern Turkey. Urol Int. 2009;83:217-21.

9. Bastug F, Gunduz Z, Tulpar S, Poyrazoglu H, Dusunsel R. 
Urolithiasis in infants: evaluation of risk factors. World J 
Urol. 2012.

10. Guven AG, Koyun M, Baysal YE, et al. Urolithiasis in the 
first year of life. Pediatr Nephrol. 2010;25:129-34.

11. Mohamed J, Riadh M, Abdellatif N. Urolithiasis in infants. 
Pediatric surgery international. 2007;23:295-9.

12. Basaklar AC, Kale N. Experience with childhood 
urolithiasis. Report of 196 cases. Br J Urol. 1991;67:203-
5.

13. Ghazali S, Barratt TM. Urinary excretion of calcium and 
magnesium in children. Arch Dis Child. 1974;49:97-101.

14. Milliner DS, Murphy ME. Urolithiasis in pediatric patients. 
Mayo Clin Proc. 1993;68:241-8.

15. Stapleton F, Kroovand R, Coe F, et al. Stones in 
childhood. Kidney stones. Medical and surgical 
management. Philadelphia: Lippincott-Raven. 19961065-
80.

16. Ali SH, Rifat UN. Etiological and clinical patterns 
of childhood urolithiasis in Iraq. Pediatr Nephrol. 
2005;20:1453-7.

17. Coward RJ, Peters CJ, Duffy PG, et al. Epidemiology of 
paediatric renal stone disease in the UK. Arch Dis Child. 
2003;88:962-5.

18. Edvardsson V, Elidottir H, Indridason OS, Palsson R. High 
incidence of kidney stones in Icelandic children. Pediatr 
Nephrol. 2005;20:940-4.

19. Ozokutan BH, Kucukaydin M, Gunduz Z, Kabaklioglu M, 
Okur H, Turan C. Urolithiasis in childhood. Pediatr Surg 
Int. 2000;16:60-3.

20. Safarinejad MR. Urinary mineral excretion in healthy 
Iranian children. Pediatr Nephrol. 2003;18:140-4.

21. Sarkissian A, Babloyan A, Arikyants N, Hesse A, Blau 
N, Leumann E. Pediatric urolithiasis in Armenia: a study 
of 198 patients observed from 1991 to 1999. Pediatr 
Nephrol. 2001;16:728-32.

22. Cameron MA, Sakhaee K, Moe OW. Nephrolithiasis in 
children. Pediatr Nephrol. 2005;20:1587-92.

23. Erbagci A, Erbagci AB, Yilmaz M, et al. Pediatric 
urolithiasis--evaluation of risk factors in 95 children. Scand 
J Urol Nephrol. 2003;37:129-33.

24. Alpay H, Ozen A, Gokce I, Biyikli N. Clinical and metabolic 
features of urolithiasis and microlithiasis in children. 
Pediatr Nephrol. 2009;24:2203-9.

25. Dursun I, Poyrazoglu HM, Dusunsel R, et al. Pediatric 
urolithiasis: an 8-year experience of single centre. Int Urol 
Nephrol. 2008;40:3-9.

26. Naseri M, Varasteh AR, Alamdaran SA. Metabolic factors 
associated with urinary calculi in children. Iran J Kidney 
Dis. 2010;4:32-8.

27. Acar B, Inci Arikan F, Emeksiz S, Dallar Y. Risk factors for 
nephrolithiasis in children. World J Urol. 2008;26:627-30.

28. Tefekli A, Esen T, Ziylan O, et al. Metabolic risk factors in 
pediatric and adult calcium oxalate urinary stone formers: 
is there any difference? Urol Int. 2003;70:273-7.

29. Peres LA, Langer SS, Schmidt RC, et al. Nephrolithiasis in 
pediatric patients: metabolic and anatomical investigation. 
J Bras Nefrol. 2011;33:50-4.

30. Ertan P, Tekin G, Oger N, Alkan S, Horasan GD. Metabolic 
and demographic characteristics of children with 
urolithiasis in Western Turkey. Urol Res. 2011;39:105-10.

31. Fallahzadeh MH, Zare J, Al-Hashemi GH, et al. Elevated 
serum levels of Vitamin D in infants with urolithiasis. Iran J 
Kidney Dis. 2012;6:186-91.

32. Halim MB, Bash-Agha I, Elfituri O, Turki M, Hawas A. 
Childhood urolithiasis in north-western Libya. Saudi J 
Kidney Dis Transpl. 2012;23:162-70.

33. Alon US, Zimmerman H, Alon M. Evaluation and treatment 
of pediatric idiopathic urolithiasis-revisited. Pediatr 
Nephrol. 2004;19:516-20.

34. Tekin A, Tekgul S, Atsu N, Sahin A, Ozen H, Bakkaloglu 
M. A study of the etiology of idiopathic calcium urolithiasis 
in children: hypocitruria is the most important risk factor. J 
Urol. 2000;164:162-5.

35. Polito C, La Manna A, Nappi B, Villani J, Di Toro 
R. Idiopathic hypercalciuria and hyperuricosuria: 
family prevalence of nephrolithiasis. Pediatr Nephrol. 
2000;14:1102-4.

Correspondence to:
EhsanValavi, MD
Hyperlipidemia Research Center, Ahvaz Jundishapur University 
of Medical Sciences, Ahvaz, Iran
Tel: +98 917 3440731
Fax: +98 611 4433715
E-mail: valavi.e@ajums.ac.ir

Received March 2013
Revised June 2013
Accepted June 2013


