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Abstract
Background  Preterm kidney is exposed to various exogenous factors that may impact its function such as nephrotoxic drugs 
or nephrocalcinosis. We investigated prevalence and risk factors of nephrocalcinosis (NC) in recently born very low birth 
weight (VLBW) infants submitted to improved biological monitoring.
Methods  Retrospective, case–control study in very preterm infants (< 32 + 6 weeks, ≤ 1500 g) admitted to a tertiary care unit 
during a 6-year period. Each case (ultrasound-diagnosed NC) was matched with two controls (no NC). Data were collected 
at days 15 and 30 of life and 35 weeks corrected age, with follow-up at 18 months and 3 years.
Results  Of 525 eligible infants, overall prevalence of NC was 17.1% at 35 weeks corrected age. Prevalence was halved 
between 2012 (26.1%) and 2017 (11.8%). We included 265 infants, more than half being born before 28 weeks. Cases pre-
sented with more severe morbidity than controls, but reached statistical significance only in infants born < 28 weeks (88.2% 
vs. 68.3%, P = 0.01). Protein, energy, calcium, phosphorus, and vitamin D intakes were similar in the two groups and did not 
change significantly over the study period. Weight gain was similar in the two groups. Exposure to furosemide (OR [IC95%]: 
1.26 [1.02; 1.57]) and postnatal growth (1.65 [1.04; 2.67]) were independent risk factors of NC. NC resolved 12–18 months 
after diagnosis in 61% of infants.
Conclusion  Prevalence of NC is significant but can be reduced. Furosemide should be cautiously prescribed in VLBW infants, 
and nutritional support must be well monitored to support postnatal growth and limit risk of nephrocalcinosis.
Trial registration  ClinicalTrials.gov: NCT 04,860,583.
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Introduction

Besides prematurity itself [1, 2], the preterm kidney is 
exposed to various exogenous factors after birth that may 
impact its function, such as nephrocalcinosis (NC) among 
others [2–10]. In neonates, NC development is associated 
with hypercalciuria or more rarely with enteric hyperox-
aluria [11–15]. It was first described in low birth weight 
(BW) infants more than 25 years ago [16]. There are huge 
discrepancies in reported NC rates, ranging from 7 to 64% 
[11, 15, 17–25]. This is likely related to the type of popula-
tion studied, variations in practices in neonatal units, and 
ultrasound inter-operator variability.

NC has been associated with long-term renal complica-
tions such as increased blood pressure, altered tubular or 
glomerular functions, and reduction in kidney growth and 
volume [2, 4, 5, 24, 26, 27].

The etiology of NC in preterm infants is still imper-
fectly known, as it is likely multifactorial. The main 
known risk factors are as follows: low gestational age (GA) 
(< 32 weeks), low birth weight (< 1500 g), prolonged oxy-
gen supplementation or assisted ventilation, prolonged par-
enteral nutrition, postnatal drugs (furosemide, glucocorti-
coids), inadequate mineral intake [5–7, 11, 21, 25, 28–30]. 
Unfortunately, previous studies had significant methodologi-
cal limits: small number of patients, lack of control groups, 
small proportion of extremely preterm infants, and different 
care to what is currently done (antenatal steroids, parenteral 
and enteral nutrition, human milk fortification).

As there was no consensus on kidney follow-up of pre-
term infants, we set up in 2009, a renal monitoring protocol 
for all preterm infants born under 32 weeks and/or under 
1500 g, including kidney ultrasound at 35 weeks corrected 
GA.

We aimed to investigate the prevalence and risk fac-
tors of NC in a population of recently born very low birth 
weight (VLBW) infants including a significant proportion 
of extreme preterm infants.

Population and methods

Type of study

We performed a retrospective, case–control study.

Patients

We included preterm infants born between January 1, 2012, 
and December 31, 2017, with a GA ≤ 32 + 6 weeks and a 
BW ≤ 1500 g. We chose a 6-year period so that the study was 

sufficiently long to reliably assess NC prevalence. Consider-
ing that 220 to 250 VLBW infants are admitted to our unit 
each year, we were expecting a population of 1300 to 1500 
infants. We included infants admitted before day 3 of life in 
the tertiary care unit at Croix–Rousse hospital, who stayed 
in the unit until discharge home. Neonates with congenital 
malformations were excluded from the study. Cases had a 
diagnosis of NC at kidney ultrasound performed at 35 weeks 
corrected GA. NC was considered when increased medullary 
echogenicity was found. Each case was matched with two 
controls (no NC at 35 weeks) according to the following cri-
teria: year of birth, GA, antenatal steroids, and intra-uterine 
growth restriction (IUGR).

Feeding regimen

In our unit, parenteral nutrition was started from the first 
hours of life and was stopped when enteral intake was 
well-tolerated and reached 100 to 120  ml·kg−1·day−1. 
Enteral feeding was started as soon as possible after birth 
using unfortified pasteurized donor human milk. A mul-
ticomponent fortifier was added to human milk (mother’s 
own milk or donor human milk) when 70 ml·kg−1·day−1 
enteral intake was well-tolerated. When full enteral feeding 
(160 ml·kg−1·day−1) was reached, individualized adjustable 
fortification of human milk was performed, based on the 
monitoring of weight gain and serum urea. Infants received 
human milk up to 1800 g. Then, infants were fed with either 
fortified human milk or a preterm formula until discharge. 
According to French recommendations, infants received 
a daily oral multivitamin supplement providing 1000 IU 
of vitamin D per day, starting when enteral feeding was 
initiated.

Nutritional and renal monitoring

In 2009, we implemented a renal monitoring protocol for 
VLBW infants, including kidney ultrasound at 35 weeks 
corrected GA. Then we progressively improved biological 
monitoring including serum and spot urine sodium (Na), cal-
cium (Ca), phosphorus (P), urea, and creatinine (Cr) every 
2 weeks to adapt protein and mineral intake. We aimed for 
weight gain of 20 g·kg−1·day−1. When this was not reached, 
we considered serum urea. If it was low (< 3 mmol/L), 
protein intake was increased. When serum urea was above 
3 mmol/L, we increased energy intake. Calcium and phos-
phorus intakes were adapted aiming for a urinary Ca/Cr 
ratio < 2.2. We progressively added the assessment of serum 
25(OH)D at 1 month of life and then once a month, aim-
ing for a value between 50 and 120 nmol/L. This monitor-
ing protocol allowed us to more precisely adjust nutritional 
intakes to obtain a better postnatal growth and avoid hyper-
calciuria which favors NC.
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Data collected

We collected the following: GA, anthropometric measure-
ments at birth (weight, crown-heel length, head circumfer-
ence), gender, antenatal steroids, length of stay at hospital, 
anthropometric measurements at discharge, IUGR defined 
as birth weight below the third percentile of Fenton refer-
ence values, and kidney ultrasound results at 35 weeks 
corrected GA [31]. Kidney ultrasound was performed by 
a single pediatric radiologist (SL) using a convex 8C-RS 
(4–11 MHz) and a linear probe 12L-RS (6–13 MHz) on 
a VIVID-E (General Electric, Boulogne-Billancourt, 
France). The following data were collected at days 15 and 
30 of life and 35 weeks: duration of invasive and non-inva-
sive ventilation, drugs used (caffeine, diuretics, steroids, 
vitamin D, aminoglycosides), and duration of exposure 
to these drugs between birth and 35 weeks. For diuretics 
and postnatal steroids, we calculated the exposition rate, 
the total duration of exposure between birth and 35 weeks. 
The postnatal steroid (betamethasone or hydrocortisone 
hemisuccinate) dose was expressed in milligrams and 
milligrams per kilogram equivalent prednisone. We also 
collected data about clinical outcomes during the hospital 
stay: neurological disease (intraventricular hemorrhage), 
retinopathy of prematurity, bronchopulmonary dysplasia 
(BPD), necrotizing enterocolitis, and late-onset sepsis. 
A composite index of severe morbidity was considered 
present when at least one criterion existed among treated 
patent ductus arteriosus, late-onset sepsis, necrotizing 
enterocolitis stage ≥ 2, moderate or severe BPD, severe 
retinopathy of prematurity (stage 2 plus, stage 3, laser 
photocoagulation or anti-VEGF treatment), intraventricu-
lar hemorrhage ≥ grade 3, or periventricular leucomalacia.

Type and quantity of milk (human milk or formula) 
were recorded as well as the duration of parenteral nutri-
tion. At each time point (day 15, day 30, 35 weeks), the 
mean intakes per kilogram per day of Ca, P, vitamin D, 
protein, energy, protein/energy ratio, and Ca/P ratio were 
calculated.

Anthropometric data were collected at each time point 
and at discharge. Weight-for-age, length-for-age, and head 
circumference-for-age z-scores were calculated using Fen-
ton reference values [31]. To precisely evaluate postna-
tal growth, the differences in z-scores between birth and 
35 weeks were also evaluated. Measurements of Na, P, Ca, 
Cr, and urea in blood samples and spot urine samples were 
taken at each time point. The first blood sample to assess 
serum electrolytes, urea, and creatinine was collected at 
24 h of life, according to our unit protocol. We analyzed the 
decrease in serum Cr between birth and day 15 of life, as it 
could reflect the speed of establishment of the infants’ own 
kidney function. Urinary Ca excretion was expressed both 
in absolute value and using the ratio Ca/Cr.

As these high-risk infants participated in a follow-up after 
discharge, we were able to collect anthropometric data at 
18 months and blood pressure values at 3 years.

Statistical analysis

Sample size  The inclusion of at least 80 infants with NC 
and twice as many controls would allow us to detect a 20% 
difference in exposure rate (deemed as clinically relevant) 
between cases and controls with a power of 83% (p1 = 60%, 
p2 = 40%, alpha risk 5%).

Matching of each NC case to two controls based on year 
of birth, GA, IUGR, and antenatal steroids was done using 
the nearest neighbor method, which is a multivariate logistic 
model based on the four variables. This method is based on 
the propensity score principle. For each patient, the prob-
ability of being a case is calculated according to the four 
variables above and the choice of controls is made according 
to this probability (the case and its two matched controls will 
have close probabilities). This matching was done using the 
“MatchIt” package of the R software.

Qualitative variables are described in numbers and 
percentages, and the quantitative variables in median and 
interquartile ranges (IQR25, IQR75). For the qualitative 
variables, comparisons between groups were made using 
the Chi2 test or the Fisher exact test for small numbers (at 
least one notional number < 5). For quantitative variables, 
inter-group comparisons were made using Student’s t-test 
for normally distributed variables or the non-parametric 
Mann–Whitney test for non-normally distributed variables. 
For each quantitative variable, normality was tested using 
the Shapiro–Wilk test.

Potential associations between quantitative variables 
were tested using the Pearson correlation coefficient. Multi-
variate logistic regression analysis was performed. Variable 
selection was made using the “glmulti” function (“glmulti” 
package from the R software), which, from a list of explana-
tory variables, looks for the best model using the Akaike 
information criterion (AIC). The results of the multivariate 
analysis are expressed in odds ratios (OR) with a 95% confi-
dence interval (95% CI). A value of p < 0.05 was considered 
statistically significant. All analyses were performed using R 
software (R Foundation for Statistical Computing, Vienna, 
Austria).

Ethics approval

The study was approved by the Ethical Committee of Hos-
pices Civils de Lyon (HCL) and declared to the National 
Committee on Data Collection (Commission Nationale 
Informatique et Liberté, CNIL) (HCL CNIL registered under 
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number 19–189). The study has been registered on Clinical-
Trials.gov: NCT 04,860,583.

Results

Over the 6-year study period, 525 infants were eligible 
(Fig. 1). About one infant out of six (n = 90/525, 17.1%) 
presented a NC at 35 weeks. This prevalence was higher in 
males than in females (54/251 = 21.5% vs. 36/274 = 13.1%, 
respectively; p = 0.011). Most cases (56.7%) were diagnosed 
in infants born before 28 weeks. Infants with NC (cases) 
were matched with 175 controls. Therefore, 265 infants 
were included, more than half of whom were born before 
28 weeks (n = 152/265, 57%).

The prevalence of NC was twice as high in infants born 
before 28 weeks (26.1%) than in infants born at 28–32 weeks 
(11.8%, p < 0.001). The prevalence of NC decreased by more 
than half between 2012 (26%) and 2017 (11%, p = 0.03) 
(Fig. 2).

Characteristics at birth were similar in cases and controls 
(Table 1). Birth weight ranged from 440 to 1490 g and GA 
from 23 + 5 weeks to 32 + 4 weeks. The sex ratio was similar. 
About one infant out of four had a z-score for birth weight 
below –1 SD (cases: 23.3%, controls: 25.1%, p = 0.75), and 
infants with a z-score below –2 SD were scarce (3.3% vs. 
2.3%, p = 0.69). The median duration of respiratory support 
was similar in both groups: about 1 week (7.3 vs. 5.6 days, 
p = 0.18) for assisted ventilation and about 1.5  months 
(45.6 vs. 49.7 days, p = 0.96) for non-invasive ventilation. 
Serum Cr at day of birth was similar in both groups (74 vs. 
76 µmol/L, p = 0.21). Between birth and 35 weeks, exposure 
to furosemide tended to be more frequent in cases than in 
controls (70% vs. 58.3%, p = 0.06). There was no signifi-
cant difference in postnatal steroid administration, and the 
median total dose was similar in cases and controls (10.9 vs. 
11.4 mg prednisone equivalent, p = 0.68). The prevalence 
of complications related to prematurity was similar in both 
groups (morbidity index: 70% vs. 67.4% of infants, p = 0.67), 
except for NEC grade ≥ 2 (0% vs. 7.4%, p = 0.01). Cases pre-
sented with more severe morbidity than controls, but this did 
not reach statistical significance (61.1% vs. 49.7%, p = 0.08) 
except in infants born before 28 weeks (88.2% vs. 68.3%, 
p = 0.01) (Supplementary Table 2). In infants born between 
28 and 32 weeks, cases more frequently received postnatal 
steroids than controls (p = 0.04) (Supplementary Table 2).

The median duration of parenteral nutrition was around 
15 days and was similar in the two groups. Protein, energy, 
Ca, P, and vitamin D intakes at day 15, day 30, and 35 weeks 
corrected GA were similar in the two groups. This intake 
did not change significantly between 2012 and 2017 (Sup-
plementary Fig. 3). Only protein intake at day 30 showed 
variation depending on the year, with a slightly higher intake 
in 2015 and 2016 (Table 2).

Weight gain between birth and 35 weeks corrected GA 
was about 15 g/kg/day and was similar in the two groups 
(p = 0.24). Similarly, the differences in z-score for body 
weight between birth and 35 weeks as well as growth up 
to 18 months corrected age were similar in the two groups 

Kidney ultrasound at 35 weeks

NO
(n=21)

YES
(n=525)

NEPHROCALCINOSIS
n=90

Gestational age ≤32+6 weeks and birth weight ≤1500 g

(N=1468)

CASES (n=90) CONTROLS (n=175)

n=910
Transferred before discharge home 
Hospitalized after DOL3
Death

NO NEPHROCALCINOSIS 
n=435

TOTAL POPULATION (N=265)
<28 weeks: n=152 / 28–32 weeks: n=113

Matching criteria

YES NO

n=558

Fig. 1   Flowchart. Analysis of nephrocalcinosis in 525 very premature 
infants between 2012 and 2017
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Fig. 2   Prevalence of nephrocalcinosis among 525 very premature 
infants between 2012 and 2017 (percentage, %)
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(Table  3). Difference in z-score for crown-heel length 
between birth and 35 weeks was lower in cases than in con-
trols, without statistically significant difference (–1 DS vs. 
–1.2 DS, p = 0.05).

The decrease in serum Cr value between birth and day 
15 was similar between the two groups. Two hundred and 
forty-one spot urinary samples were analyzed during the 
study period. The urinary Ca/Cr ratio at day 30 was higher in 
cases than controls, but reached statistical significance only 
in infants born between 28 and 32 weeks (p = 0.01). During 
hospitalization, the absolute value of calciuria exceeded the 

crystallization threshold of 3.8 mmol/L more frequently in 
cases than controls in infants born before 28 weeks (75% vs. 
25%, p = 0.05) (Table 2).

Exposure to furosemide (OR [IC95%]: 1.26 [1.02; 
1.57], p = 0.035) and difference in z-score for body weight 
between birth and discharge (OR [IC95%]: 1.65 [1.04; 2.67], 
p = 0.038) were independent risk factors of NC at 35 weeks 
corrected GA. No correlation was found between vitamin D 
or protein intake and NC (Table 4).

After discharge, NC resolved 12–18 months after the 
diagnosis in about two infants out of three (61%). At 3 years 
of age, blood pressure was normal and similar in the two 
groups.

Discussion

In a population of high-risk VLBW infants including half of 
extremely premature infants, NC was present in about one 
infant out of six. After progressive implementation of more 
stringent biological monitoring, NC prevalence progres-
sively decreased from 26 to 11%. We identified exposure to 
furosemide and good postnatal growth as independent risk 
factors of NC in this high-risk population.

The prevalence of NC in our population was quite low, 
as NC has previously been reported in 7 to 64% of preterm 
infants [11, 15, 17–25]. This could be related to differences 
in the population characteristics and to improvement in prac-
tices during the past decades. For example, antenatal steroids 
were administered to almost all of our patients’ mothers, 
compared to only one-third of the mothers in previous stud-
ies [24]. Also, duration of invasive ventilation was nearly 
three times shorter than that reported by Short et al. (15 days 
vs. 41 days) [18]. Nevertheless, the level of morbidity was 
still significant in our population. The progressive decrease 
in NC prevalence during the study period is unlikely to be 
explained by changes in care during the study period. Pro-
tein, energy, mineral and vitamin D intake, and exposure to 
furosemide and steroids did not change significantly between 
2012 and 2017. Rather, the decrease could be related to the 
progressive improvement in biological monitoring resulting 
in an improved day-care adaptation of mineral and vitamin 
D intake between 2012 and 2017.

Our secondary objective was to determine the risk fac-
tors for NC, to better define the target population that could 
benefit from prevention strategy. As it is already well-known 
that low GA and low birth weight are associated with an 
increased risk of NC, we included these two parameters in 
the matching criteria to more specifically analyze the other 
parameters [18, 25, 28]. However, we still found an influence 
of GA at birth, as we observed twice as much NC in infants 
born before 28 weeks (26.1%) than in those born afterward 
(11.8%).

Table 1   Characteristics of 265 infants included between 2012 and 
2017

Values are median (IQR25%–IQR75%) or number (percentage)
GA, gestational age; BW, birth weight; HC, head circumference; PDA 
treated, patent ductus arteriosus treated medically or surgically; Cer-
ebral lesions, intraventricular hemorrhage grades 3–4 or periventricu-
lar leukomalacia; BPD, bronchopulmonary dysplasia; NEC, necrotiz-
ing enterocolitis; ROP, retinopathy of prematurity; Formula, cow’s 
milk-based formula

Controls Cases p

N 175 90
Antenatal steroids, n (%) 164 (93.7) 84 (93.3) 0.90
GA (weeks) 27.7 (26.4–29.1) 27.5 (26–29.1) 0.88
BW (g) 900 (760–1140) 980 (760–1128) 0.74
Male gender, n (%) 87 (49.7) 54 (60) 0.11
Length (cm) 35 (33–37.5) 35 (33–37) 0.57
HC (cm) 24.7 (23.2–26.5) 25 (23.3–26.5) 0.5
Z-score BW –0.3 (–1; 0.1) –0.3 (–1; 0.1) 0.98
  Z-score BW < -1DS, n 

(%)
44 (25.1) 21 (23.3) 0.75

  Z-score BW < -2DS, 
n (%)

4 (2.3) 3 (3.3) 0.69

Z-score length –0.2 (–0.9; 0.4) –0.4 (–0.8; 0.2) 0.34
Z-score HC –0.2 (–0.8; 0.3) –0.1 (–0.7; 0.5) 0.25
Vitamine D intake (UI/d) 781 (647–866) 780 (680–852) 0.82
Caffeine (d) 41 (31–52.8) 43.5 (30–55) 0.94
Aminoglycosides (d) 2 (2–4) 2 (2–4) 0.94
Furosemide, n (%) 102 (58.3) 63 (70) 0.06
Furosemide (d) 3 (1–7) 3 (1.5–8.5) 0.54
Postnatal steroids, n (%) 33 (18.9) 24 (26.7) 0.14
Postnatal steroids duration 

(d)
8 (4–19) 6 (3–10.8) 0.32

Parenteral nutrition (days) 13 (9–19) 12 (8–16.8) 0.41
Human milk (mL/day) 123 (84–225) 157 (91–237) 0.15
Formula (mL/day) 112 (12–190) 108 (16–188) 0.88
PDA treated, n (%) 65 (37.1) 41 (45.7) 0.19
Cerebral lesions, n (%) 11 (6.3) 10 (11.1) 0.17
BPD, n (%) 73 (41.7) 48 (53.3) 0.16
NEC ≥ 2, n (%) 13 (7.4) 0 (0) 0.01
Late-onset sepsis, n (%) 77 (44) 41 (45.6) 0.81
ROP, n (%) 24 (13.7) 15 (16.6) 0.58
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Diuretics are commonly used, either during the first 
weeks of life or to decrease interstitial lung water and 
improve respiratory function in preterm infants with BPD 
[32]. In our population, about half of controls were exposed 
to furosemide, in agreement with previous publications [33]. 
We observed that exposure to diuretics remains a signifi-
cant risk factor of NC, although duration of furosemide was 
rather short (3 days) in our population [15, 25, 34]. Gimpel 
et al. reported that a cumulative dose of furosemide higher 
than 10 mg/kg increased the risk of NC 38-fold [34]. As the 
usual dose is 1 mg/kg/day in our unit, this represents about 
10 days of treatment. Only furosemide treatment, and no 
other diuretics, was independently associated with NC in 
our study. As furosemide is used in the majority of preterm 
infants with BPD [32], this could explain why BPD was 
previously identified as a risk factor for NC [15, 21, 28, 30].

High-quality nutritional care is essential for health and 
long-term development, as the absence of a deficit in post-
natal growth has been associated with better cognitive 
development and better kidney function [10, 35]. A new risk 
factor, i.e., postnatal growth, was identified in our popula-
tion. Weight gain between birth and 35 weeks was about 
14 g/kg/day, which roughly corresponds to the commonly 
accepted objective in VLBW infants [31]. As z-scores are 
recommended to carefully analyze postnatal growth [36], we 
calculated the difference in z-score for body weight between 

birth and 35 weeks, which appeared as an independent 
risk factor of NC. Positive delta z-score for body weight 
is unlikely related to water overload as the same postnatal 
growth kinetic was observed for crown-heel length, suggest-
ing that growth was related to the accretion of new tissues 
(fat, muscle, etc.) rather than to an excess of water. Previous 
studies did not report such results as nutritional intake, and 
growth was not evaluated in such a large population of very 
preterm infants. This result suggests that currently recom-
mended nutritional management supports adequate post-
natal growth, but could increase the risk of NC, requiring 
enhanced biological monitoring. It opens perspectives for 
future studies to find out if this association is coincidental 
or if nutritional intake needs to be more carefully managed 
to support postnatal growth without being deleterious for 
the kidneys. In our population, intake of nutrients, including 
vitamin D, corresponded to current European recommenda-
tions [37] and was similar between the two groups during 
the study period. However, the available biological data in 
our population study showed that more infants had hyper-
calciuria in cases than in controls, which favors NC [13–15, 
38, 39]. In adults, excess protein (and sodium) intake leads 
to hypercalciuria [40]. This has not been reported in preterm 
infants, probably because high protein intake is associated 
with appropriate energy intake and, therefore, used mostly 
to support efficient protein retention and high growth rates 

Table 2   Characteristics of 152 
infants born before 28 weeks 
and 113 infants born between 
28 and 32 + 6 weeks

Values are median (IQR25%–IQR75%) or number (percentage)
GA, gestational age; PNS, postnatal steroids; PDA treated, patent ductus arteriosus treated medically or 
chirurgically; Cerebral lesions, intraventricular hemorrhage grades 3–4 or periventricular leukomalacia; 
BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis grade ≥ 2; LOS, late-onset sepsis; MI, 
morbidity index

GA < 28 weeks GA = 28–32 weeks

Controls Cases p Controls Cases p

N = 101 N = 51 N = 74 N = 39

Therapeutics
 Aminoglycosides (d) 4 (2–5) 4 (2–4) 0.57 2 (0–2) 2 (0–2) 0.46
 Caffeine (d) 51 (45–62) 54 (45–58) 0.74 31 (20–34) 29 (21–34) 0.78
 Furosemide, n (%) 83 (82.2) 47 (92.2) 0.09 19 (25.7) 16 (41) 0.09
 PNS, n (%) 33 (32.7) 21 (41.2) 0.3 0 (0) 3 (7.7) 0.04

Morbidity
 PDA treated, n (%) 60 (59.4) 36 (70.6) 0.18 5 (6.8) 5 (12.8) 0.31
 Brain lesions, n (%) 8 (7.9) 7 (13.7) 0.26 3 (4.1) 3 (7.7) 0.41
 BPD, n (%) 64 (63.4) 41 (80.4) 0.1 9 (12.2) 7 (17.9) 0.7
 NEC ≥ 2, n (%) 7 (6.9) 0 (0) 0.1 6 (8.1) 0 (0) 0.09
 LOS, n (%) 60 (59.4) 32 (62.7) 0.73 17 (23) 9 (23.1) 1
 MI, n (%) 87 (86.1) 49 (96.1) 0.06 31 (41.9) 14 (35.9) 0.54
 Severe MI, n (%) 69 (68.3) 45 (88.2) 0.01 18 (24.3) 10 (25.6) 0.88

Urinary test
 Ratio Ca/creatinine 1.3 (0.9–2.3) 1.5 (1–2.2) 0.70 1.2 (0.9–2.1) 1.5 (1–2) 0.71
 Ca > 3.8, n (%) 2 (25) 6 (75) 0.05 2 (66.7) 1 (33.3) 0.60
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[37]. Similarly, most preterm infants fed according to rec-
ommendations receive enteral Ca/P ratio that supports bone 
mineralization and supposedly avoids hypercalciuria [20]. 
Excessive Ca intake has been associated with hypercalciuria 
in preterm infants [6, 11, 41]. Narendra et al. did not find 
any association between hypercalciuria and NC in preterm 
infants, but urinary dosage was performed only once and, 
lately, at term corrected age [21]. In our study, hypercal-
ciuria could have been related to an imbalance between Ca 

and P intake, or to hypervitaminosis D that we were una-
ble to detect because of limited serum vitamin D assess-
ment. However, it is more likely due to frequent exposure 
to furosemide. In our population, the real vitamin D intake 
was close to 800 IU/day in both groups, in agreement with 
current European recommendations [37]. One of the lim-
itations of our study is that, between 2012 and 2017, we 
measured serum vitamin D mainly during the last years of 
the study period and, therefore, we cannot conclude that 

Fig. 3   Protein (a), energy (b), 
calcium (c), and phosphorus 
(d) intake at the end of the 
first month of life in cases and 
in controls, during the study 
period 2012–2017
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hypercalciuria observed in cases is due only to furosemide 
treatment. Nevertheless, in 2017, Vierge et al. reported that 
some preterm infants can present an exaggerated response 
to vitamin D supplementation that is responsible for hyper-
calcemia, hypercalciuria, and NC [42]. This underlines the 
importance of serum vitamin D assessment in the biologi-
cal follow-up of premature infants. In summary, we identi-
fied furosemide as a remaining risk factor of NC and cannot 

make any conclusions about the impact of nutritional factors 
in some infants.

Contrary to previous studies, we did not confirm that par-
enteral nutrition, caffeine, antibiotics, and postnatal steroids 
were significant risk factors [15, 21, 43]. This is despite the 
fact that we carefully investigated these factors by analyzing 
not only the presence or absence of exposure, as in former 
studies, but also the duration of exposure.
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We observed an association between severe morbid-
ity and the occurrence of NC in the subgroup of the most 
immature premature children (< 28 weeks). These infants are 
sicker, requiring intensive care, including prolonged invasive 
ventilation, postnatal steroids, and diuretics for the manage-
ment of BPD [18, 26]. This corroborates Chang et al.’s find-
ings that low BW and postnatal steroid therapy were NC-
independent risk factors in their multivariate analysis [25].

There are still discussions about the long-term conse-
quences of NC on kidney function. In our population, bio-
logical indicators of kidney glomerular function were similar 
in children with and without NC during the hospital stay. We 
did not study the evolution of kidney function at follow-up. 
Two studies did not show any alteration of kidney glomeru-
lar function at 3 months of age and 7.5 years [5, 24]. Com-
paring formerly preterm infants to a control group of healthy 
term newborns at 7 years of age, Rakow et al. showed a 
trend toward a decrease in GFR (remaining normal), with-
out significant differences [2]. However, in the very long 

term, this slight difference may become clinically relevant 
in adulthood. Thus, NC might be an aggravating factor in the 
specific context of prematurity characterized by an increased 
risk of long-term chronic kidney disease [3].

Nephrocalcinosis has previously been associated with 
arterial hypertension in former preterm infants [27]. Schell-
Feith et al. reported that hypertension was more common at 
1 and 2 years of age as compared to a population of healthy 
infants born at term [27]. Because they did not make a com-
parison with preterm infants without NC, it was not possible 
to evaluate the respective implication of NC and prematurity 
itself in later hypertension [27]. In our population, we did 
not find any difference in blood pressure between premature 
infants with and without NC at 3 years of age. This is in 
agreement with previous studies [2, 5].

According to available literature, a spontaneous reso-
lution of NC occurs in most cases, i.e., 50% of infants at 
1 year of age and 75% at school age [2]. In our popula-
tion, NC resolved in around two-thirds (61%) of infants at 
12–18 months of age. This is in agreement with Scheill-
Feith et al., who reported NC in 34% and 15% of former 
preterm infants, respectively, at 15 and 30 months of age 
[27]. Although the spontaneous resolution of NC occurs in 
most cases, data are lacking about long-term kidney function 
in preterm infants who presented NC during a few months 
in this critical period of development.

A limitation of our study is the monocenter, retrospec-
tive design, which may limit its external validity. The study 
population includes a significant proportion of high-risk, 
very immature infants, which differs from previous stud-
ies and is representative of current populations of preterm 

Table 3   Postnatal growth 
at 36 weeks and 18 months 
corrected age in 265 very 
preterm infants hospitalized 
between 2011 and 2017

Values are median (IQR25%–IQR75%) or number (percentage)
GA, gestational age; ΔW, weight gain; HC, head circumference; SDS, z-score for gestational age

Controls Cases p

N 175 90
At 36 weeks
 GA (weeks) 36 (35.3–37) 36 (35.3–37) 0.73
 Postnatal age (d) 59.5 (46.3–72.8) 63 (46–75) 0.67
 Weight (g) 2325 (2010–2698) 2360 (2068–2723) 0.24
 ΔW d30–35 weeks (g/kg/d) 16.3 (14.3–18) 16.4 (15.2–19) 0.09
 ΔW birth–35 weeks (g/kg/d) 14.3 (13.2–15.4) 14.6 (13.4–15.7) 0.24
 Body weight Z-score –0.8 (–1.5; –0.3) –0.6 (–1.1; –0.1) 0.13
 Weight SDS < –1DS, n (%) 71 (40.6) 28 (31.1) 0.16
 Weight Δ SDS (d0–35 weeks) –0.4 (–0.8; –0.1) –0.3 (–0.7; 0) 0.09
 Weight loss d0–35 weeks > 1DS, n (%) 24 (13.7) 10 (11.1) 0.58

At 18 months
 Postnatal age (d) 644 (623–666) 649 (626–664) 0.62
  Weight (kg) 10.0 (8.9–10.6) 10.2 (9–10.8) 0.11
  Length (cm) 80 (78–82) 81 (79–82) 0.25
  HC (cm) 47 (46–48) 48 (46–49) 0.09

Table 4   Multivariate analysis: variables associated with the occur-
rence of nephrocalcinosis in 265 preterm infants born before 
32 + 6 weeks of gestation

OR, odds ratio; CI, 95% confidence interval

OR 95% CI p

Furosemide 1.26 [1.02–1.57] 0.035
Vitamin D (per 100 UI) 1.03 [0.86–1.25] 0.748
Total protein intake day 30 (per 1 g/kg) 0.98 [0.63–1.51] 0.922
Δ z-score body weight (d0–35 weeks) 1.65 [1.04–2.67] 0.038
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infants in NICUs. Our practices are adapted to this popula-
tion and consistent with recommendations, allowing us to 
reach the objective of postnatal growth close to the fetal 
growth rate. Previous retrospective studies about NC in pre-
term infants often included a moderate number of subjects 
and were purely observational. In our study, we matched 
one case with two controls, allowing for a comparison 
between infants with NC and others, and relevant statistical 
analysis to investigate risk factors of NC. Furthermore, we 
were able to include a significant number of patients, as the 
study period was sufficiently long and data collection was 
uniformly and prospectively performed through our patient 
software. However, the retrospective design did not allow for 
a complete analysis of all clinical and biological risk factors 
for NC. For example, we were not able to provide some data 
of interest such as detailed nutrient intake, urinary data, or 
complete growth and blood pressure follow-up. There were 
no—and there are not yet—clear recommendations for renal 
follow-up of preterm infants. Accurate kidney monitoring 
during hospitalization and the first years of life is necessary 
for preterm infants and should include specific measures for 
screening and follow-up of children with NC. Positive delta 
z-score for body weight is unlikely related to water overload 
as the same postnatal growth kinetic was observed for head 
circumference and crown-heel length; it is more likely that 
postnatal growth in our study population was related to the 
accretion of new tissues (fat, muscle, etc.) rather than to 
an excess of water. Delta z-score was greater in cases than 
controls without significant difference in univariate analysis 
(0.2 vs. 0, p = 0.3 for head circumference and –1.3 vs. –1.4, 
p = 0.64 for length).

Another limitation of our study is that the association 
between NC and enhanced postnatal growth is a post hoc 
result and is not the confirmation of a research hypothesis. 
This association should thus be confirmed in further trials.

In conclusion, the prevalence of NC in our study was 
17.1% and was halved during the study period, likely due 
to the progressive improvement of biological monitoring. 
We confirmed the well-known risk factor of furosemide 
exposure and reported a new one: postnatal growth. The 
long-term consequences of NC are still unknown, but we 
observed that NC persists for several months in one-third 
of VLBW infants. Therefore, it seems important to (1) use 
furosemide with caution in this population, particularly if it 
is used in high doses or for an extended duration; (2) per-
form regular biological monitoring to adapt treatments and 
nutrient intake; and (3) screen for NC at the end of the hos-
pital stay. In future prospective studies, in large populations, 
informative biological explorations would be useful to better 
understand the predictive factors of NC and to analyze the 
impact of nutrition at the onset of NC in very premature 
infants to optimize its prevention in the neonatal period.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00467-​021-​05417-w.

Author contribution  J. Fayard contributed to the design of the study 
and to the acquisition of data, interpreted the results, drafted and 
revised the work, approved the final version, and agrees to be account-
able for all aspects of the work.

P. Pradat contributed to the design of the study, analyzed the data, 
interpreted the results, drafted the work, approved the final version, and 
agrees to be accountable for all aspects of the work.

S. Lorthois contributed to the design of the study and to the acqui-
sition of data, interpreted the results, revised the work, approved the 
final version, and agrees to be accountable for all aspects of the work.

J. Bacchetta contributed to the interpretation of data, revised the 
work, approved the final version, and agrees to be accountable for all 
aspects of the work.

JC Picaud designed the study, interpreted the results, drafted and 
revised the work, approved the final version, and agrees to be account-
able for all aspects of the work.

Data availability  Data is unavailable to access.
The study was approved by the Ethical Committee at Hospices Civ-

ils de Lyon (HCL).

Declarations 

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Rodríguez MM, Gómez AH, Abitbol CL, Chandar JJ, Duara S, 
Zilleruelo GE (2004) Histomorphometric analysis of postnatal 
glomerulogenesis in extremely preterm infants. Pediatr Dev Pathol 
7:17–25. https://​doi.​org/​10.​1007/​s10024-​003-​3029-2

	 2.	 Rakow A, Laestadius Å, Liliemark U, Backheden M, Legnevall 
L, Kaiser S, Vanpée M (2019) Kidney volume, kidney function, 
and ambulatory blood pressure in children born extremely preterm 
with and without nephrocalcinosis. Pediatr Nephrol 34:1765–
1776. https://​doi.​org/​10.​1007/​s00467-​019-​04293-9

	 3.	 Chehade H, Simeoni U, Guignard J-P, Boubred F (2018) Preterm 
birth: long term cardiovascular and renal consequences. Curr 
Pediatr Rev 14:219–226. https://​doi.​org/​10.​2174/​15733​96314​
66618​08131​21652

	 4.	 Jones CA, King S, Shaw NJ, Judd BA (1997) Renal calcification 
in preterm infants: follow up at 4–5 years. Arch Dis Child Fetal 
Neonatal Ed 76:F185-189. https://​doi.​org/​10.​1136/​fn.​76.3.​f185

	 5.	 Kist-van Holthe JE, van Zwieten PHT, Schell-Feith EA, Zonder-
land HM, Holscher HC, Wolterbeek R et al (2007) Is nephrocal-
cinosis in preterm neonates harmful for long-term blood pressure 

3102 Pediatric Nephrology (2022) 37:3093–3104

https://doi.org/10.1007/s00467-021-05417-w
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10024-003-3029-2
https://doi.org/10.1007/s00467-019-04293-9
https://doi.org/10.2174/1573396314666180813121652
https://doi.org/10.2174/1573396314666180813121652
https://doi.org/10.1136/fn.76.3.f185


1 3

and renal function? Pediatrics 119:468–475. https://​doi.​org/​10.​
1542/​peds.​2006-​2639

	 6.	 Wilhelm-Bals A, Chehade H, Girardin E, Gonzalez E, Parvex P 
(2014) Premature kidneys and oligonephronia: long term reper-
cussion. Rev Med Suisse 10(435–436):438–441

	 7.	 Saarela T, Lanning P, Koivisto M (1999) Prematurity-associated 
nephrocalcinosis and kidney function in early childhood. Pediatr 
Nephrol 13:886–890. https://​doi.​org/​10.​1007/​s0046​70050​721

	 8.	 Sutherland M, Ryan D, Black MJ, Kent AL (2014) Long-term 
renal consequences of preterm birth. Clin Perinatol 41:561–573. 
https://​doi.​org/​10.​1016/j.​clp.​2014.​05.​006

	 9.	 Abitbol CL, Bauer CR, Montané B, Chandar J, Duara S, Zilleruelo 
G (2003) Long-term follow-up of extremely low birth weight 
infants with neonatal renal failure. Pediatr Nephrol 18:887–893. 
https://​doi.​org/​10.​1007/​s00467-​003-​1186-1

	10.	 Bacchetta J, Harambat J, Guy B, Putet G, Cochat P, Dubourg 
L (2009) Long term renal outcome of children born preterm: 
a regular follow-up is needed. Arch Pediatr 16:S42-48. https://​
doi.​org/​10.​1016/​S0929-​693X(09)​75300-X

	11.	 Schell-Feith EA, Kist-van Holthe JE, Conneman N, van Zwieten 
PH, Holscher HC, Zonderland HM, Brand R (2000) van der 
Heijden BJ (2000) Etiology of nephrocalcinosis in preterm neo-
nates: association of nutritional intake and urinary parameters. 
Kidney Int 58:2102–2110. https://​doi.​org/​10.​1111/j.​1523-​1755.​
2000.​00383.x

	12.	 Gagnadoux M-F (2004) Néphrocalcinose de l’enfant. EMC – 
Pédiatrie 1:198–202

	13.	 Porter E, McKie A, Beattie TJ, McColl JH, Aladangady N, Watt 
A, White MP (2006) Neonatal nephrocalcinosis: long term fol-
low up. Arch Dis Child Fetal Neonatal Ed 91:F333-336. https://​
doi.​org/​10.​1136/​adc.​2006.​094755

	14.	 Nasseri F, Azhir A, Rahmanian S, Iranpour R, Adibi A (2010) 
Nephrocalcinosis in very low birth weight infants. Saudi J Kid-
ney Dis Transpl 21:284–289

	15.	 Mohamed GB, Ibrahiem MA, Abdel Hameed WM (2014) 
Nephrocalcinosis in pre-term neonates: a study of incidence and 
risk factors. Saudi J Kidney Dis Transpl 25:326–332. https://​
doi.​org/​10.​4103/​1319-​2442.​128524

	16.	 Hufnagle KG, Khan SN, Penn D, Cacciarelli A, Williams P 
(1982) Renal calcifications: a complication of long-term furo-
semide therapy in preterm infants. Pediatrics 70:360–363

	17.	 Jacinto JS, Modanlou HD, Crade M, Strauss AA, Bosu SK 
(1988) Renal calcification incidence in very low birth weight 
infants. Pediatrics 81:31–35

	18.	 Short A, Cooke RW (1991) The incidence of renal calcification 
in preterm infants. Arch Dis Child 66:412–417. https://​doi.​org/​
10.​1136/​adc.​66.4_​spec_​no.​412

	19.	 Campfield T, Braden G, Flynn-Valone P, Powell S (1997) Effect 
of diuretics on urinary oxalate, calcium, and sodium excretion 
in very low birth weight infants. Pediatrics 99:814–818. https://​
doi.​org/​10.​1542/​peds.​99.6.​814

	20.	 Saarela T, Vaarala A, Lanning P, Koivisto M (1999) Incidence, 
ultrasonic patterns and resolution of nephrocalcinosis in very 
low birthweight infants. Acta Paediatr 88:655–660. https://​doi.​
org/​10.​1080/​08035​25995​01693​32

	21.	 Narendra A, White MP, Rolton HA, Alloub ZI, Wilkinson 
G, McColl JH, Beattie J (2001) Nephrocalcinosis in preterm 
babies. Arch Dis Child Fetal Neonatal Ed 85:F207-213. https://​
doi.​org/​10.​1136/​fn.​85.3.​f207

	22.	 Hoppe B, Duran I, Martin A, Kribs A, Benz-Bohm G, Michalk 
DV, Roth B (2002) Nephrocalcinosis in preterm infants: a single 
center experience. Pediatr Nephrol 17:264–268. https://​doi.​org/​
10.​1007/​s00467-​001-​0816-8

	23.	 Giapros VI, Papaloukas AL, Challa AS, Nikolopoulos PD, 
Tsampoulas CG, Andronikou SK (2003) Urinary lithogenic 
and inhibitory factors in preterm neonates receiving either total 

parenteral nutrition or milk formula. Eur J Pediatr 162:481–487. 
https://​doi.​org/​10.​1007/​s00431-​003-​1209-8

	24.	 Giapros V, Tsoni C, Challa A, Cholevas V, Argyropoulou 
M, Papadopoulou F, Siomou E, Drougia A, Andronikou S 
(2011) Renal function and kidney length in preterm infants 
with nephrocalcinosis: a longitudinal study. Pediatr Nephrol 
26:1873–1880. https://​doi.​org/​10.​1007/​s00467-​011-​1895-9

	25.	 Chang H-Y, Hsu C-H, Tsai J-D, Li S-T, Hung H-Y, Kao H-A, 
Chang JH, Chung HY, Wang HK (2011) Renal calcification in 
very low birth weight infants. Pediatr Neonatol 52:145–149. 
https://​doi.​org/​10.​1016/j.​pedneo.​2011.​03.​004

	26.	 Stritzke A, Thomas S, Amin H, Fusch C, Lodha A (2017) Renal 
consequences of preterm birth. Molecular and Cellular Pediat-
rics 4:2. https://​doi.​org/​10.​1186/​s40348-​016-​0068-0

	27.	 Schell-Feith EA, Kist-van Holthe JE, van Zwieten PHT, Zonder-
land HM, Holscher HC, Swinkels DW, Brand R, Berger HM, 
van der Heijden BJ (2003) Preterm neonates with nephroc-
alcinosis: natural course and renal function. Pediatr Nephrol 
18:1102–1108. https://​doi.​org/​10.​1007/​s00467-​003-​1235-9

	28.	 Hoppe B, Hesse A, Neuhaus T, Fanconi S, Forster I, Blau N, 
Leumann E (1993) Urinary saturation and nephrocalcinosis in 
preterm infants: effect of parenteral nutrition. Arch Dis Child 
69:299–303. https://​doi.​org/​10.​1136/​adc.​69.3_​spec_​no.​299

	29.	 Huynh M, Clark R, Li J, Filler G, Dave S (2017) A case control 
analysis investigating risk factors and outcomes for nephroc-
alcinosis and renal calculi in neonates. J Pediatr Urol 13:356.
e1-356.e5. https://​doi.​org/​10.​1016/j.​jpurol.​2017.​06.​018

	30.	 Campfield T, Braden G (1989) Urinary oxalate excretion by very 
low birth weight infants receiving parenteral nutrition. Pediat-
rics 84:860–863

	31.	 Fenton TR, Nasser R, Eliasziw M, Kim JH, Bilan D, Sauve R 
(2013) Validating the weight gain of preterm infants between 
the reference growth curve of the fetus and the term infant. 
BMC Pediatr 13:92. https://​doi.​org/​10.​1186/​1471-​2431-​13-​92

	32.	 Greenberg JM, Poindexter BB, Shaw PA, Bellamy SL, Keller 
RL, Moore PE, McPherson C, Ryan RM (2020) Respiratory 
medication use in extremely premature (<29 weeks) infants dur-
ing initial NICU hospitalization: results from the prematurity 
and respiratory outcomes program. Pediatr Pulmonol 55:360–
368. https://​doi.​org/​10.​1002/​ppul.​24592

	33.	 Greenberg RG, Gayam S, Savage D, Tong A, Gorham D, Sholo-
mon A, Clark RH, Benjamin DK, Laughon M, Smith PB (2019) 
Furosemide exposure and prevention of bronchopulmonary dys-
plasia in premature infants. J Pediatr 208:134-140.e2. https://​
doi.​org/​10.​1016/j.​jpeds.​2018.​11.​043

	34.	 Gimpel C, Krause A, Franck P, Krueger M, von Schnakenburg 
C (2010) Exposure to furosemide as the strongest risk factor 
for nephrocalcinosis in preterm infants. Pediatr Int 52:51–56. 
https://​doi.​org/​10.​1111/j.​1442-​200X.​2009.​02886.x

	35.	 Ehrenkranz RA, Dusick AM, Vohr BR, Wright LL, Wrage 
LA, Poole WK (2006) Growth in the neonatal intensive care 
unit influences neurodevelopmental and growth outcomes of 
extremely low birth weight infants. Pediatrics 117:1253–1261. 
https://​doi.​org/​10.​1542/​peds.​2005-​1368

	36.	 Cormack BE, Embleton ND, van Goudoever JB, Hay WW, 
Bloomfield FH (2016) Comparing apples with apples: it is 
time for standardized reporting of neonatal nutrition and growth 
studies. Pediatr Res 79:810–820. https://​doi.​org/​10.​1038/​pr.​
2016.​26

	37.	 Agostoni C, Buonocore G, Carnielli VP, De Curtis M et al 
(2010) Enteral nutrient supply for preterm infants: commen-
tary from the European Society of Paediatric Gastroenterology, 
Hepatology and Nutrition Committee on Nutrition. J Pediatr 
Gastroenterol Nutr 50:85–91. https://​doi.​org/​10.​1097/​MPG.​
0b013​e3181​adaee0

3103Pediatric Nephrology (2022) 37:3093–3104

https://doi.org/10.1542/peds.2006-2639
https://doi.org/10.1542/peds.2006-2639
https://doi.org/10.1007/s004670050721
https://doi.org/10.1016/j.clp.2014.05.006
https://doi.org/10.1007/s00467-003-1186-1
https://doi.org/10.1016/S0929-693X(09)75300-X
https://doi.org/10.1016/S0929-693X(09)75300-X
https://doi.org/10.1111/j.1523-1755.2000.00383.x
https://doi.org/10.1111/j.1523-1755.2000.00383.x
https://doi.org/10.1136/adc.2006.094755
https://doi.org/10.1136/adc.2006.094755
https://doi.org/10.4103/1319-2442.128524
https://doi.org/10.4103/1319-2442.128524
https://doi.org/10.1136/adc.66.4_spec_no.412
https://doi.org/10.1136/adc.66.4_spec_no.412
https://doi.org/10.1542/peds.99.6.814
https://doi.org/10.1542/peds.99.6.814
https://doi.org/10.1080/08035259950169332
https://doi.org/10.1080/08035259950169332
https://doi.org/10.1136/fn.85.3.f207
https://doi.org/10.1136/fn.85.3.f207
https://doi.org/10.1007/s00467-001-0816-8
https://doi.org/10.1007/s00467-001-0816-8
https://doi.org/10.1007/s00431-003-1209-8
https://doi.org/10.1007/s00467-011-1895-9
https://doi.org/10.1016/j.pedneo.2011.03.004
https://doi.org/10.1186/s40348-016-0068-0
https://doi.org/10.1007/s00467-003-1235-9
https://doi.org/10.1136/adc.69.3_spec_no.299
https://doi.org/10.1016/j.jpurol.2017.06.018
https://doi.org/10.1186/1471-2431-13-92
https://doi.org/10.1002/ppul.24592
https://doi.org/10.1016/j.jpeds.2018.11.043
https://doi.org/10.1016/j.jpeds.2018.11.043
https://doi.org/10.1111/j.1442-200X.2009.02886.x
https://doi.org/10.1542/peds.2005-1368
https://doi.org/10.1038/pr.2016.26
https://doi.org/10.1038/pr.2016.26
https://doi.org/10.1097/MPG.0b013e3181adaee0
https://doi.org/10.1097/MPG.0b013e3181adaee0


1 3

	38.	 Bert S, Gouyon J-B, Semama DS (2004) Calcium, sodium and 
potassium urinary excretion during the first five days of life in 
very preterm infants. Biol Neonate 85:37–41. https://​doi.​org/​
10.​1159/​00007​4956

	39.	 Schell-Feith EA, Holscher HC, Zonderland HM, Kist-Van 
Holthe JE, Conneman N, van Zwieten PH, Brand R, van der 
Heijden AJ (2000) Ultrasonographic features of nephrocalci-
nosis in preterm neonates. Br J Radiol 73:1185–1191. https://​
doi.​org/​10.​1259/​bjr.​73.​875.​11144​796

	40.	 Maalouf NM, Moe OW, Adams-Huet B, Sakhaee K (2011) 
Hypercalciuria associated with high dietary protein intake is not 
due to acid load. J Clin Endocrinol Metab 96(12):3733–3740. 
https://​doi.​org/​10.​1210/​jc.​2011-​1531

	41.	 Lemann J, Worcester EM, Gray RW (1991) Hypercalciuria and 
stones. Am J Kidney Dis 17:386–391. https://​doi.​org/​10.​1016/​
s0272-​6386(12)​80628-7

	42.	 Vierge M, Laborie S, Bertholet-Thomas A, Carlier M-C, Picaud 
J-C, Claris O, Bacchetta J (2017) Neonatal intoxication to vita-
min D in premature babies: a series of 16 cases. Arch Pediatr 
24:817–824. https://​doi.​org/​10.​1016/j.​arcped.​2017.​06.​016

	43.	 Zanardo V, Dani C, Trevisanuto D, Meneghetti S, Guglielmi A, 
Zacchello G, Cantarutti F (1995) Methylxanthines increase renal 
calcium excretion in preterm infants. Biol Neonate 68:1. https://​
doi.​org/​10.​1159/​00024​4234

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

3104 Pediatric Nephrology (2022) 37:3093–3104

https://doi.org/10.1159/000074956
https://doi.org/10.1159/000074956
https://doi.org/10.1259/bjr.73.875.11144796
https://doi.org/10.1259/bjr.73.875.11144796
https://doi.org/10.1210/jc.2011-1531
https://doi.org/10.1016/s0272-6386(12)80628-7
https://doi.org/10.1016/s0272-6386(12)80628-7
https://doi.org/10.1016/j.arcped.2017.06.016
https://doi.org/10.1159/000244234
https://doi.org/10.1159/000244234

	Nephrocalcinosis in very low birth weight infants: incidence, associated factors, and natural course
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Population and methods
	Type of study
	Patients
	Feeding regimen
	Nutritional and renal monitoring
	Data collected
	Statistical analysis
	Ethics approval

	Results
	Discussion
	References


