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Abstract

Background: Nephrocalcinosis to the presence of calcium salts within renal tissue. Infants and children are more likely to have an
underlying etiology for nephrocalcinosis including inherited errors of metabolism, anatomic abnormalities of the urinary tract,
renal disorders, vitamin D excess, medication and prematurity. The body growth and renal function have rarely been investigated
concerning children with nephrocalcinosis (NC).

Objectives: This study aimed to evaluate effect of NC on growth index and kidney function of patients according to its cause.
Methods: This study was conducted on twenty-eight now 2-27-year-old patients with NC who were admitted or referred to Loghman
Hakim Hospital within 2006 and 2013. The patients’ data were recorded in terms of age, gender, NC etiology, clinical presentation,
GFR, standard deviation scores of height and weight, and follow-up period. Data was imported to the SPSS software version 18 and
analyzed using statistical tests.

Results: Mean age of the participants was 2.5 &= 2.2, ranging from 0.1to 9.7 years. Fourteen (47%) patients were male. Mean follow-up
time period was 7.1 £ 5.2, ranging from 1.0 to 20.9 years. The most common clinical presentations leading to the NC diagnosis were
urinary tract infection (25%) and growth retardation among 18% of the patients. The NC was rooted in distal renal tubular acidosis
(dRTA) regarding 34.5% of the subjects, idiopathic hypercalciuria (IHC) in terms of 17.2% participants, Bartter syndrome in 10.3%
and other different factors in 31.1% of the participants and cause of the NC was unknown in 6.9% of the subjects. Mean glomerular
filtration rate (GFR) was 75.6 = 29.1in presentation and 105.7 + 21.9 ml/min/1.73m” in follow-up (P < 0.001). There was no significant
decrease in height and weight SDS from the first to last observation. Also, a significant increase of BMI was observed from first to
last observation.

Conclusions: Findings revealed that nephrocalcinosis has no significant effect on growth index and glomerular filtration within a
long term and its impact depends on the underlying causes.
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1. Background

Nephrocalcinosis (NC) represents calcification of the
renal parenchyma (1). The main etiological agents of this
condition are metabolic diseases such as hypoparathy-
roidism and hyperparathyroidism, apparent mineralo-
corticoid excess syndrome, idiopathic infantile hypercal-
cemia, glycogen storage disease type 1, glucose-galactose
malabsorption, and taking certain drugs (2-8). Further-
more, renal disorders including idiopathic hypercalciuria,
renal hypophosphatemia, renal tubular acidosis, Dent dis-
ease, familial hypomagnesemia with hypercalciuri, and
nephrocalcinosis, hypocitraturia, cystinuria, primary hy-
peroxaluria and renal hypouricemia (9), vitamin D excess
medication and prematurity; sometimes it is incidentally
and radiographically found in individuals with normal

kidney function (10-12). Appreciation of the processes in-
volved in calculus formation aids in the understanding
the diagnosis and management of the disease, the most
important of which are intratubular factors explaining
crystal retention and adhesion to the tubular epithelium
such as decreased urine volume, urinary supersaturation,
the presence of insufficient concentrations of crystal in-
hibitors including citrate, magnesium and various pro-
teins (such as uromodelin, osteopontin, bikunin, and uri-
nary prothrombin fragment) (1). Decreased urinary excre-
tion of a potent inhibitor, known as uromodelin, in pa-
tients with nephrolithiasis was demonstrated by Jaggi M
et al. (13). On the other hand, some experimental and
clinical studies strongly suggest that crystals only adhere
to injured and regenerated epithelial cells expressing a
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variety of crystal-binding molecules such as annexin II,
osteopontin, hyaluronan, sialic acid-containing proteins
and/or phospholipids, phosphatidyl serine and nucleolin-
related protein on the luminal surface of the tubular ep-
ithelium (14-16). In addition to these studies, the NC etiol-
ogy, pathogenesis and clinical course remain unclear con-
cerning some diseases and its prognosis is not well-defined
(17).

Additionally, few studies have been conducted on the
identification and underlying causes of NCand on whether
it has any impact on body growth and renal function in
children (10, 18). Al-Riyami MS et al. found severe renal fail-
ure as initial presentation among 39% of children with pri-
mary hyperoxaluria type 1 with nephrocalcinosis in com-
parison with 22% among those without it (19). Hence, the
present retrospective study was carried out to examine the
causes of NC and its effect on renal function and body
growth as well as its follow-up findings in children.

2. Methods

Thisisaretrospective longitudinal study of all children
with bilateral nephrocalcinosis attending our center for 7
years (2006 - 2013).

The study consists of 30 children. Children with unilat-
eral nephrocalcinosis, focal nephrocalcinosis and history
of urinary tract obstruction, and urinary system anomaly
were excluded. Furthermore, children with a follow-up
time less than 2 years were also excluded. The diagnosis of
NCin all children were extracted from ultrasonography re-
ports. The medical records of patients were evaluated for
gender, age, birth weight, history of prematurity, labora-
tory findings, family history of nephrocalcinosis, clinical
presentation, etiology of NC and follow-up period. Weight
and height standard deviation scores (wSDS, hSDS), body
mass index (BMI) and glomerular filtration rate (GFR) were
calculated in the first and last examination. GFR was es-
timated using the Schwartz formula (20) and the normal
level was considered as > 90 ml/min/1.73 m*. Height and
weight SDS were calculated based on the published na-
tional standards and heights and weights below -2 SD was
taken as lower than the normal limit (21). The most fre-
quently underlying causes of NC were distal renal tubular
acidosis (dRTA) in patients by hyperchloremic metabolic
acidosis, hypokalemia, hypercalciuria, high urine pH (>
5.5) and positive urinary anion; idiopathic hypercalciuria
in those with elevated urinary calcium in relation to age
(defined as Ca/creatinine ratio > 0.8, > 0.6, > 0.4 and
> 0.2mg/mg in children < 6 months, 6 - 12 months, 1- 2
years and > 2 years of age, respectively, in random urine
samples (10)), absence of other tubular defects and nor-
mal levels of calcium (9 - 12 mg/dl); Bartter syndrome in

patients with metabolic alkalosis, hypokalemia and ele-
vated urinary potassium and chloride excretion; Hypercal-
cemia in patients with serum calcium more than 12 mg/dl,
Dent’s disease in male patients with hypercalciuria, low
molecular weight proteinuria and bilateral medullary NC
in addition to proximal tubule dysfunction findings; prox-
imal renal tubular acidosis (pRTA) in patients with nor-
mal anion gap metabolicacidosis and negative urine anion
gap and urine pH less than 5.5; methylmalonic acidemia
(MMA) in those with high anion gap metabolic acidosis
and high urine methylmalonic aciduria, primary hyper-
oxaluia with urine oxalate more than 90 mg/1.73m?/day;
and x-linked hypophosphatemia rickets in males with hy-
pophosphatemia rickets and high urine phosphate.

2.1. Statistical Analysis

Data were presented as mean-standard deviation and
range values. Comparison of hSDS, wSDS, BMI and GFR at
presentation and last visits was made by using t-test. Statis-
tical analyses between the groups were carried out using
chi-square test, Fisher exact test and Pearson correlation.
Analyses were done with the Statistical Package for Social
Sciences (SPSS version 18.0, Chicago, USA) software and P <
0.05 was considered statistically significant.

3. Results

Among the 30 patients with NC, 14 (46.7%) subjects
were male and 16 (53.3) female. No data was available re-
garding the two patients; therefore, 28 patients with NC
were included in the final analysis. The mean follow-up pe-
riod was 7.1 £ 5.2 (1.0-20.9) years. The detailed description
of the spectrum is summarized in Table 1.

Table 1. Growth Features and Renal Function at Presentation and Last Follow-Up

Parameter At Presentation At Last Presentation PValue
Mean age,y 2.542.2(0.1-9.7) 9.2 + 5.7(2.1-27.6) < 0.001
wSDS -0.74 2.4 (-4.5-8.5) 0.87 & 3.2(-2.6-10.3) 0.001
hSDS 0.73 1.6 (-4.1-2.8) -0.44 +1.4(-4.2-18) 0.259
BMI 16.2 1 4.5(8.533.1) 19.3 £ 5.2 (12.830.3) 0.001
GFR 75.6 = 29.1(29.8-132) 105.7 &£ 21.9 (43.2-143.9) < 0.001

Abbreviations: BMI, body mass index; GFR, glomerular filtration rate; hSDS,
height standard deviation scores; wSDS, weight standard deviation scores.

Awide range of renal tubular disorders were seen. Dis-
tal renal tubular acidosis (34.5%), idiopathic hypercalciuria
(17.2%) and Bartter syndrome (10.3%) were common causes
encountered.

Other observed causes were hypercalcemia, Dent
disease, proximal renal tubular acidosis, methymalonic
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acidemia, glycogen storage disease, x-linked hypophos-
phatemic rickets, nephritic syndrome and primary
hyperoxaluria type I. The causes of NC were unknown in
two patients.

3.1. Clinical and Laboratory Findings

Most frequently encountered initial symptoms were
urinary tract infection (25%), followed by growth retarda-
tion (17.8%), enuresis (7.1%) and abdominal pain (3.6%). The
NC was incidentally detected in one case during the diag-
nostic procedures adopted for abdominal pain.

Three patients (10%) had a history of prematurity. fam-
ily history of NC was seen in 4 children. Family history of
microlithiasis was also noted in 13.8% of patients. Ninety-
seven percent of urinalysis in the last observation was ab-
normal and consisted of pyuria in 51.7%, hematuria in 34.5%
and proteinuria in 6.9%. Also, abnormal urine solute such
as hypercalciuria (65.9%), hyperoxaluria (51.7%), hyperuri-
cosuria (48.3%), and hypocitraturia (34.5%) was also fre-
quently observed.

3.2. Growth

Fourteen point three percent of NC patients had
heights below the normal limit (-2 SDS) at presentation
and had no change at last observation (P = 0.481). Thirty-
nine point seven percent and 35.7% of these children had
weights below the normal limit (-2 SDS) at first and the
last investigation with significant improvement in mean
SD from -0.7 £+ 2.4 to 0.87 £ 3.2 (P-value 0.001). Mean
score of height and weight SDS in NC patients are summa-
rized in Table 2 according to the most frequent underly-
ing disease at first and last observations. The most severe
initial growth retardation was observed in patient with
dRTA and Bartter’s syndrome. Although some improve-
ment in height SDS was generally recorded, a decrease was
reported in distal RTA patients.

Mean body mass index in NC patients is also presented
in Table 3 with regard to the most common underlying dis-
ease at first and last observation. There was a significant
increase in BMI in patients with dRTA from first to last ob-
servations.

3.3. Renal Function

A statistically significant increase ranging from 75.6 to
105.7 ml/inf1.73m? (P < 0.001) was found in mean GFR score
of the patients.

At the first presentation, 19 (65.5%) patients had GFR
less than 90 ml/in/1.73 m?; however, 7 (24.1%) patients had
GFR less than 90 ml/in/1.73 m? in the last investigation and
GFR < 60 ml/min/1.73 m* was not observed in these pa-
tients. Table 4 shows the mean GFR in NC patients accord-
ing to the most common underlying causes of disease in
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the first and last observations. As it is presented, the GFR
increased in all of patients and it was more significant in
patients with dRTA.

4. Discussion

This is a single-center survey on the etiology of NC and
its impact on renal function and body growth of NC in
Iranian children. In our study, most of the NC children
were girls and this is inconsistent with some other studies
[18]. In this regard, 13.7% of patients had at least one family
member with nephrocalcinosis, which is lower than in the
Germany series (17).

Although growth retardation was the most common
clinical presentation in patients with nephrocalcinosis in
a majority of studies (10, 17, 18, 22), urinary tract infection
was the major reason for referral (25%) followed by growth
retardation as the second cause (17.8%) in this study. In Ron-
nefarth et al.’s study, more than one-third of the patients
suffered from UTI (17).

In contrast to the adults, for whom environmental
factors are the major cause of NC, the genetic and/or
metabolic disorders are the main cause of childhood
nephrocalcinosis and microlithiasis.

The most frequent underlying conditions associated
with NCin this study were dRTA and idiopathic hypercalci-
uria (IHC) with an incidence frequency of 34% and 17%, re-
spectively. In studies conducted in India, Turkey and Italy
(10, 18, 22), dRTA was the most often mentioned cause of
NC. High incidence of dRTA in these countries may be due
to high prevalence of consanguineous marriages. Ronne-
farth et al. found that 34% of 152 patients with NC had IHC
(17). Further, the IHC was the most common cause of NC in
Habbig’s et al.’s study (12). The mean age for the dTRA di-
agnosis was 3 years (2 months- 9.5 year) and these findings
are in line with those obtained by Ronnefarth et al. (17). Un-
derlying cause of the NC was unknown in 7% of the partic-
ipants and this is consistent with those found in Germany
(17) and much lower than the values reported by Ammenti
etal. (24.4%)and Mantan etal. (12.5%) (18, 22). The difference
may be due to the extent of the investigation and existing
laboratory facilities.

The role of abnormal urine solutes including hypercal-
ciuria, hyperuricosuria, hyperoxaluria and hypocitraturia
alone or associated with other known genetic diseases are
demonstrated as a predisposing and accelerant factor to
establish NC (11, 23-26). Dogan’s et al. reported hypercal-
ciuria in 25 (92.6%) patients in the first observation (10). In
the current presentation, the hypercalciuria and hypercal-
cemia in the first observation were seen in 65.5% and 20.7%
of the participants, respectively. Hypercalcuria was found
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Table 2. Comparison of Mean Height and Weight SDS in Children with NC According to the Most Significant Underlying Disorders at First and Last Observations®

Height SDS Weight SDS
Underlying Disease Observation Observation
PValue P Value
First Last First Last
Distal renal tubular acidosis -05+15 -0.62£16 0.772 -03%18 0.9422 0.070
(dRTA)
Idiopathic Hypercalciuria 02411 042108 0173 -04+11 0.8+23 0.237
(IHC)
Bartter syndrome 35107 -0.95 £ 1.2 0.087 -4.0£07 -09+16 0.122
Total -073+£16  -044+14 0.259 -074+24 087+£32 0.001
*Values are expressed as mean = SD.
Table 3. Comparison of Mean BMI in Children with NC According to the Most Underlying Disorders at First and Last Observations®
BMI
Underlying Disease P Value
First observation Last observation
Distal renal tubular acidosis (dRTA) 16.43 £3.12 2027 £ 5.47 0.026
Idiopathic Hypercalciuria (IHC) 16.16 £ 1.65 16.63 317 0.670
Bartter syndrome 10.85 % 2.04 15.88 +1.84 0.092
Unknown 19.87 £ 7.06 27.25 £3.50 0.742

Values are expressed as mean =+ SD.

Table 4. Comparison of Mean GFR in Children with NC According to the Most Common Underlying Causes of Disorders in the First and Last Observations®

Diagnosis First Observation Last Observation PValue
Distal renal Tubular acidosis 822 +311 19.8 £17.5 0.001
Idiopathic Hypercalciuria 82.4 £ 25.59 113.2 £ 13.49 0.105
Bartter syndrome 3771+ 6.9 91.07 £ 41.89 0.123
Total (28 patient) 75.6 +29.1 105.7 £ 21.9 < 0.001

Values are expressed as mean =+ SD.

in a majority of the current NC patients, indicating its im-
portance as a predisposing factor of NC (17, 18). The fre-
quency of hyperoxaluria in NC patients was reported 7.3 -
7.7% in various studies (17, 18) and this is greater than the
present study’s (3.4%).

In this study, the mean GFR of the patients in the first
and last observation was 75.6 and 105 ml/min/1.73 m?, re-
spectively (P < 0.001; however, Dogan et al. reported mean
GFR 0f 114.9 and 115.1m1/min/1.73 m? for their patients in the
first and last investigation, respectively (10). In Mantan et
al.’s study, GFR value decreased from 82 to 70.8 ml/min/1.73
m? in a mean follow-up period of 35 months (18). Nearly
two-thirds of the patients had GFR values less than 90
ml/min/1.73 m? in the first presentation and an improve-
ment less than one-fourth in the last observation after cor-
rect diagnosis and treatment of NC cases (27-29). Dogan et
al. found that GFR was < 90 ml/min/1.73 m? in 18.5% of the
cases atthe end of the study(10). In Italy, 41% of the patients

in the first and 29% in the last investigation had a GFR less
than 80 ml/min/1.73 m? (22). In India, 83% of the subjects
had a normal GFR (> 80 ml/min/1.73 m?) (18).

The mean weight SD S scores and BMI improved dur-
ing the follow-up period and the differences were statisti-
cally significant with a mean value of 7 years. The mean
Z-score height for the patients in the current study was -
0.73 in the firstand 0.44 in the last investigation (P> 0.05).
These values for the study carried out in Italy were -2.2 and -
1.0, respectively (22). In Ronnefarth et al.’s study, 41% of the
patients during the diagnosis and 32% of patients during
the last observation had a 2 height SD less than the normal
height (17). Also, 54% of 28 NC patients in Ammenti et al.
series had hSDS < -2 in the first and 22% in the last obser-
vation (22). In Turkey, about half of the patients had hSDS
< -2 at presentation, which decreased about one-fourth in
the last investigation (10).

Although growth retardation has been a recognized
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problem in tubular disorders at initial presentation, how-
ever, with adequate treatment, good catch-up growth has
been demonstrated. In our series, there was a trend toward
improvement in growth standard deviation. The present
study showed that height and weight Z-scores show no de-
crease in long term because of nephrocalcinosis and their
dependence on underlying causes.

4.1. Limitations

The limitations of this study include lack of access to
a sufficient amount of patients’ information, not refer-
ring of the patients to continue treatment, ultrasonogra-
phy by different radiologists and ultrasound equipment,
and non-reported nephrocalcinosis procedures adopted
by them.

4.2. Conclusion

According to the findings, it can be concluded that the
dRTA and [HC are the most frequent

causes underlying the NC in these children. Findings
show that nephrocalcinosis has no significant effect on
growth index and glomerular filtration in long term and
its impact is dependent upon underlying causes.

Due to the limitation of this study including small sam-
ple size and ultrasonography performed by different radi-
ologists, conducting a multi-center prospective study with
alarger sample size is recommended.
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