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ABSTRACT

Introduction and Aims: Nephrocalcinosis is characterized by the deposition of calcium in the kidney parenchyma and tubules. The renal
prognosis depends on the underlying cause, emphasizing the importance of its identification. We aim to review the data of children with
nephrocalcinosis concerning etiology, clinical manifestations, growth and renal function at presentation and outcomes.

Methods: Retrospective study of the records of children (<18 years) with nephrocalcinosis followed by a pediatric nephrology unit of level
Il hospital, between 2008-17. Clinical features, etiology, treatment and outcomes were evaluated.

Results: We identified 35 cases: 24 isolated (69%) and 11 with nephrolithiasis (31%). The group was mostly constituted of girls (54%).
Median age at presentation was 6 years (7 months — 17 years old); 40% of patients were under 2 years of age, 31% between 3 and 9 years
and 29% older than 10 years. Mean follow-up was 4 years (1-9). The most common clinical manifestation was failure to thrive in the first year
of life (34%) and flank or abdominal pain (20%); in 23% it was an incidental finding. Eleven percent of patients had a systemic syndromic
disease. Renal function at diagnosis was normal in all children.

The most frequent causes were metabolic abnormalities (23%), hereditary tubulopathies (23%), prematurity (20%) and pharmacologic
(14%). Eleven percent were considered idiopathic. In a logistic regression analysis, sex, age of presentation and familiar history of nephrocal-
cinosis showed no correlation with nephrocalcinosis, nephrocalcinosis and nephrolithiasis or hereditary/metabolic etiologies.

Discussion: Despite the small sample, in this study, the hereditary and/or metabolic disorders were the main cause of nephrocalcinosis.
Associated symptoms and comorbidities, such as prematurity, growth retardation, intestinal malabsorption, or bone demineralization, should

be evaluated for diagnostic purposes. No patient developed chronic kidney disease.
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INTRODUCTION

Nephrocalcinosis (NC) is characterized by the deposition of cal-
cium in the kidney parenchyma and tubules. It is usually asymp-
tomatic, especially during infancy and early childhood and diagnosed
incidentally when ultrasound is performed for other reasons?.
Reported clinical symptoms include renal colic in infants, gross or
microscopic hematuria and/or sterile leukocyturia, mainly when
associated to nephrolithiasis. Also, it is not unusual for NC to be
diagnosed during systematic renal ultrasound examination of high-
-risk infants or as part of the diagnostic evaluation of urinary tract
infection?.

Increased urinary calcium excretion, with or without hypercalcemia,
is the most common cause of NC, explaining its frequent association
with nephrolithiasis. Equally so, nephrolithiasis often occurs in the
absence of NCZ.

Recognized risk factors include genetic abnormalities in epithelial
transport, metabolic disturbances, anatomical abnormalities, prema-
turity and urinary tract infections in the majority of pediatric patients®.
The physiological mechanisms of preventing crystal formation and
adhesion can be foiled by high amounts of a solute due to hyperab-
sorption (e.g., in vitamin A/D excess, chronic inflammatory bowel
disease, small bowel syndrome), overproduction (e.g., primary

N

hyperoxaluria), deranged epithelium (e.g., infection, prematurity),
and tubular transport defects?.

Hypercalciuria induced by drugs such as loop diuretics, excessive

calcium or vitamin D supplementation are also pointed out as a NC
1
cause”.

Preterm neonates are at increased risk of NC as nephrogenesis is
not completed until 34 to 36 weeks gestation. In addition, this risk
increases with decreasing birth weight3. New and proliferating epithe-
lium tubule cells are thought to be more susceptible to crystal formation
and aggregation, particularly in the setting of tubular fluid supersatura-
tion, which is promoted by hypercalciuria and hypocitraturia®3. Hyper-
calciuria can be caused by hypercalcemia? (associated with increased
calcium and phosphate intake, especially in preterm infants receiving
total parenteral nutrition, excessive vitamin D supplementation, sub-
cutaneous fat necrosis, and typically reported genetic disorders like
Williams-Beuren syndrome) or due to decreased calcium renal reab-
sorption (loop diuretics®, aminoglycosides®, and tubular disorders like
Bartter syndrome and distal renal tubular acidosis). Very low birth
weight preterm infants also have decreased bicarbonate reabsorptive
capacity that enhances calcium phosphate precipitation3.

Renal prognosis is determined by the underlying cause, which
enhances the importance of its identification.
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Our study aims were to review the clinical presentation, causes,
evolution and treatment of children with NC followed by a Pediatric
Nephrology Unit.

SUBJECTS AND METHODS
M Study population

Retrospective review of medical records from patients under 18
years old, referred to the outpatient clinic of a level Ill Hospital, from
January 1%t, 2008 to December 31%t, 2017 with NC diagnosis.

Clinical features, past medical conditions, etiology, treatment and
outcomes were evaluated. Renal lithiasis family history was assessed
through a verbal questionnaire and, when available, renal ultrasonog-
raphy and lithiasis composition were considered. Excessive dairy
products, animal protein, oxalates, phytates and sodium were con-
sidered dietary errors, and also reduced water, fruit and vegetables
intake. Dietary errors were not considered as a cause of NC, but a
contributor factor.

NC diagnosis was always obtained by ultrasonography.

NC etiologies were classified as metabolic (idiopathic hypercalci-
uria, idiopathic hyperoxaluria), hereditary tubulopathy, infectious,
prematurity, pharmacologic, structural (stasis), systemic syndromic
disease and idiopathic.

B Workup

Blood serum with creatinine, urea nitrogen, uric acid, acid-base
status, sodium, potassium, chlorine, magnesium, phosphorus and
urine analysis were performed at the first medical appointment. An
evaluation of the urinary excretion was performed on 24-hour urine
samples or by random urine measurement. We considered: hypercal-
ciuria >4 mg/kg/day, hyperoxaluria >0.5 mmol (45 mg)/1.73m?2/day,
hyperuricosuria >815mg/1.73m2/day, cystinuria >75mg/1.73m?/day,
hypocitraturia <320 mg/1.73m2/day, hypomagnesuria <2 mmol/day.
Lithogenic risk was defined as urinary calcium/citrate ratio >0.33811,
Abnormal urinary excretion results were always confirmed in at least
two samples.

M Statistical analysis

The collected data was analyzed by SPSS, 20th version software
(SPSS, Chicago, IL) for Mac using Student’s T test, the Mann-Whitney
U test, chi-square test, Fisher’s exact test and logistic regression analy-
sis, with P values of <0.05 considered to be significant.

M Ethics

The procedures were in accordance with the ethical standards of
the committee in charge of human experimentation (institutional and
national) and with the Helsinki Declaration of 1975 (revised in 2015).

RESULTS

We identified 35 cases with NC: 24 isolated (69%) and 11 with
nephrolithiasis (31%).

B Demographic characteristics

Median age at presentation was 6 years (7 months-old—17 years-
-old) with a (2-9) interquartile range 40% under 2 years old (n=14),
31% between 2-9 years (n=11) and 29% of 10 or more years old
(n=10). The proportion of female subjects was 54% (n=19). The mean
follow-up was 4 years (1-9).

B Presenting symptoms at diagnosis

The most common finding was failure to thrive in the first year of
life in 12 patients (34%): five patients were preterm neonates, five had
a distal renal tubular acidosis, one had Alstrom syndrome, and one
patient had a familial hypercalciuria history (waiting for genetic study
result). Flank or abdominal pain was the second most reported symp-
tom in seven cases (20%) and four of these had nephrolithiasis observed
by ultrasonography. Eight patients (23%) were asymptomatic.

Renal function at diagnosis was normal in all children. No patient
presented hypertension and three patients had polyuria.

When associated with nephrolithiasis (n=11), the upper urinary
tract was the only affected site (100%, n=11) (Table ).

M Etiology

The most frequent causes of NC were metabolic abnormalities (23%,
n=8; Table 1), hereditary tubulopathies (23%, n=8; Table I), prematurity
and diuretic or parenteral feeding use (20%, n=7). In five cases (14%,
n=5), treatment led to NC (iatrogenic). In two preterm infants, there
was a metabolic abnormality association. In four cases (11%) there
was no identifiable cause (Table 1) and none had an infectious cause.

Fourteen patients (40%) had a positive nephrolithiasis family his-
tory and two (6%) had first-degree relatives with NC. Next-generation
sequencing was performed in three siblings that are being followed
for hypercalciuria, but is still pending.

Inalogistic regression analysis, sex, age of presentation and familiar
history of NC showed no correlation with NC alone, NC associated
with nephrolithiasis or hereditary/metabolic etiology.

Twenty-four-hour urine collection was performed in 63% (n=22).
In 23% (n=8), urine evaluation revealed a metabolic disturbance (Tables
I1) and all had a single disturbance. Globally, the most common meta-
bolic abnormality was hypercalciuria. Lithogenic risk was present in
four cases.

Within the group with associated urolithiasis (n=11), the etiology
was metabolic abnormality (n=3), prematurity (n=3), hereditary
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Table |

Clinical history, calculi characteristics and etiology

Clinical history n (%)
Dietary errors 6(17)
Positive family history of stone disease 14 (40)
Presenting symptoms | Failure to thrive 12 (34)
Flank or abdominal pain and restlessness 7(20)
Systemic syndromic disease 4(11)
Hematuria 1(3)
Urinary tract infection 1(3)
Congenital heart disease 1(3)
Prenatal diagnosis of renal abnormality 1(3)
Asymptomatic 8(23)
Location of calculi Upper tract 11 (100)
Lower tract 0(0)
Bilateral 7 (64)
Unilateral 4(36)
Number of calculi 1 2(18)
>1 9(82)
Size of calculi <3 mm 11 (100)
>3 mm 0(0)
Maximum 3mm
Hydronephrosis 1(3)
Etiology
Single metabolic abnormality 8(23)
Hypercalciuria 5
latrogenic (vitamin D excess) 1
Idiopathic 4
Hyperoxaluria 1
Idiopathic hypocitraturia 3
Hereditary tubulopathies 8(23)
Distal renal tubular acidosis 6
Bartter’s type 1 syndrome 1
Lowe syndrome 1
Prematurity 7(20)
With metabolic abnormality 2
Prolonged total parenteral nutrition (small bowel syndrome) 1
Pharmacologic 5(14)
Loop diuretics (congenital heart disease) 1
Vitamin D (hypophosphatemic rickets; iatrogenic) 2
Ketogenic diet (paroxysmal dystonia) 1
Various (calcium, alfacalcidol and magnesium) 1
Systemic syndromic disease 4(11)
Beckwith-Wiedemann syndrome 1
Klinefelter syndrome with metabolic abnormality 1
Alstrom syndrome 1
Down syndrome 1
Structural/functional (stasis) 2(6)
Idiopathic 4(11)

tubulopathy (n=2), structural renal stasis (n=1), vitamin D supplemen-
tation (n=1) and no identifiable cause (n=1).
H Dietary errors and urinary output

Dietary errors were identified in 17% (n=6): reduced water intake

(n=4), excessive dairy products (n=2), reduced fruit and vegetables
(n=1) and excessive salt (n=1).
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Of the 19 patients evaluated for urinary output, we found that
23% (n=8) had low urine output (<1 ml/kg/h).

M Treatment and outcome

The majority was conservatively treated (97%, n=34) (Table Il).
Surgical treatment with ureteral stent placement was performed in
one distal renal tubular acidosis case that had unilateral urolithiasis
with hydronephrosis. In this case, an autosomal dominant form is
more likely (first degree relative with NC and DRTA) but genetic testing
is still pending.

During follow-up, complications were observed: renal scarring in
6% (n=2) and obstruction in 3% (n=1). In the group associated with
nephrolithiasis, 45% (n=5) became stone free or diminished in size
and 27% (n=3) had recurrence (Table Ill). No patient developed chronic
kidney disease.

Table I
Treatment
Treatment n

Group with metabolic abnormality or tubulopathy 17
Wait and see 1
Hydrochlorothiazide 5
Potassium and sodium citrates 15
Pyridoxine 1
Surgical treatment* 1
No metabolic abnormality group (prematurity, pharmacologic, idiopathic) 18
Wait and see 14
Hydrochlorothiazide
Potassium and sodium citrate 3
Group with associated lithiasis 11
Wait and see 2
Hydrochlorothiazide 2
Potassium and sodium citrates 6
Surgical treatment* 1

*same patient; # Bartter syndrome treated with indomethacin and potassium chloride

Table Il

Outcome
Outcome n (%)
Nephrocalcinosis n=35
Renal scarring 2 (6)
Acute renal lesion 0(0)
Chronic kidney disease 0(0)
With associated lithiasis n=11
Stone free or diminished in size 5 (45)
Recurrence 3(27)
Obstruction 1(9)
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DISCUSSION
M Epidemiology, sex and age

NCis an uncommon finding and its prevalence is not known. Moreo-
ver, there is a paucity of studies regarding its presentation, etiology
and evolution beyond the neonatal age. NC can affect all ages, although
it primarily appears to onset in the first years of life, which was also
observed in our cohort. Also, we highlight that one fifth were preterm
neonates, a special risk group seen in several studies?13,

M Clinical presentation

NCis classically seen as an unexpected imaging diagnosis in asymp-
tomatic patients and usually symptomatic when associated to neph-
rolithiasis®. In our study, a high proportion of patients (34%, n=12)
presented failure to thrive in the first year of life, considered a clinical
sign that should be investigated, as it can encompass a wide spectrum
of causes. In other studies1415, 55% to 68% of patients also presented
with failure to thrive in the first year. We believe that our finding may
be in relation to the young age of our cohort (40% under two years
old) and to prematurity (five of 12 patients). Nevertheless, it is note-
worthy that in five cases, it was this sign that prompted the initial
investigation, which included a renal ultrasound that led to the renal
investigation and subsequent tubulopathy diagnosis.

M Etiology

NC is a non-specific ultrasound diagnosis that always requires
investigation, although there is a wide range of causes, including idi-
opathic cases!®. Our cohort illustrates the different NC etiologies but,
because of our low number of patients, we found no correlation
between NC and hereditary or metabolic etiologies.

Compared to Ammenti et al.1 similar sample size, only 23% of
our patients had a hereditary tubulopathy and the most frequent
metabolic abnormality was hypercalciuria.

Our results show an overall rate of syndromic cases (11%) compa-
rable to the cited author!4. Renal abnormalities involving the medulla
and the collecting system occur in 15% to 25% of patients with
Beckwith-Wiedemmann syndromel7:18. Moreover, hypercalciuria is
present in 10 to 22% of series'®20 and it can predispose to NC, also
described in these patients. NC has also been reported in Klinefelter??,
Alstrom syndromes?2, and anecdotal cases of Down syndrome with
prolonged excessive calcium intake?324. However, in our patient no
metabolic abnormality, medication or supplementation was
identified.

M Treatment and outcome

Therapy is directed at the underlying cause. For idiopathic cases,
measures may be undertaken to reduce the urinary concentration
and increase the solubility of the substances (calcium, phosphate or
oxalate). Data that support such interventions are extrapolated from

studies of patients with nephrolithiasis; no studies have demonstrated
a beneficial effect among patients with established NC.

Unlike other authors’ subjects?>, all our patients had a normal
renal function at presentation. Furthermore, it remained stable, as
was the case in the Ammenti et al. study?4, that had a similar mean
follow-up time.

The renal prognosis of NC is determined by the underlying cause
and the majority do not progress to end-stage renal disease. Patients
with medullary sponge kidney or distal renal tubular acidosis rarely
develop chronic kidney disease, unlike underlying causes, when not
effectively treated, such as primary hyperoxaluria, hypomagnesemic
hypercalciuric NC and Dent’s disease, not identified in our group.

Regarding ultrasound findings, we observed no NC worsening even
in the tubulopathies group. Moreover, we observed a nephrolithiasis
regression in the majority of this subgroup of patients, which was
expectable under directed therapy.

M Limitations and conclusion

The major limitations of this study are the small sample size and
its retrospective nature that implicates different follow-up timings.
Also, dietary intakes were estimated and not evaluated through a
validated questionnaire. Still, to the best of our knowledge it is the
first Portuguese study to review NC cases.

Despite the small sample, we verified that hereditary and/or meta-
bolic disorders were the main cause of NC. Associated symptoms and
comorbidities, such as prematurity, growth retardation, intestinal
malabsorption, or bone demineralization should be evaluated for
diagnostic purposes.

Since these thresholds and limits are shared by most of the clini-
cal settings to which patients are referred, the data presented in
this study may set the stage for a prospective study and for the
creation of a national database that would be fundamental for a
better clinical and epidemiological understanding of these uncom-
mon cases, particularly when idiopathic. In addition, it would be
interesting to investigate possible genetic causes, in light of the recent
reports of monogenic disorders associated with hypercalciuric neph-
rolithiasis with NC26.

Disclosure of potential conflicts of interest: none declared.
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