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/Abstract A

Background: Vitamin D intoxication in children mostly results from accidental overdosage. The resulting hypercalcemia can
lead to hypercalciuria, nephrocalcinosis and acute kidney injury (AKIl). Prognostic factors for kidney involvement are still
barely known.

Methods and Case: We report the case of a 13-month-old girl with vitamin D intoxication due to accidental overdosage with
a subsequent 25(0OH)D-level of 661 ng/ml (N<100). Severe hypercalcemia (3.73 mmol/l, N2.25 — 2.75) and AKI (pRIFLE stage
3) with tubulointerstitial nephritis, nephrocalcinosis, and renal anemia were present. Low-calcium diet, hydration, forced
diuresis and two doses of bisphosphonates (neridronate) were necessary to treat severe hypercalcemia. Serum calcium nor-
malized within 12 days, normalization of 25(OH)D-level took 7 months. Nephrocalcinosis was still present after 7 months. We
performed a literature research using Pubmed to analyse cases with vitamin D intoxication and renal involvement in children.

Results: We identified 46 cases of vitamin D intoxication in children with a medium age of 12.6 -1.0 months. The average vita-
min D level was 497 ng/ml. In 45 of 46 cases hypercalcemia was reported with a mean serum # calcium level of 4.07 mmol/I.
Hypercalcemia normalized within 7.3 days in most cases. Nephrocalcinosis was present in 12 of 38 children examined by
sonography. 8/13 children had a reduced eGFR at presentation (mean 72 £32 ml/min/1.73m2). We were able to identify
hypercalcemia as a positive predictor for the development of nephrocalcinosis in the reported cases with a cut-off value of
4.37 mmol/I.

Conclusions: Vitamin D intoxication can cause severe hypercalcemia, nephrocalcinosis and AKI. The level of hypercalcemia at
initial presentation is a prognostic factor for the development of nephrocalcinosis in children.
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Introduction vitamin D metabolite 1,25-(OH),D in granulomatous disorders,
in idiopathic infantile hypercalcemia or in lymphomas [3].
25(0OH)D is produced in the liver from its precursor metabo-
lite cholecalciferol, which is either a product from endogenous

Vitamin D intoxication is rare but potentially life-threatening
and can result in renal long-term consequences [1]. Main

cause Pf vitamin D-intoxication is an accidental overdosage of 7-dehydroxycholesterin or exogenous administered as vitamin
prescribed medication or an incorrect use of over-the-counter D3 supplement or via nutrition [4]. The renal 1a-hydroxylase
supplements [2]. Rarely it is caused by genetic disorders of the converts 25(0H)D to its active form 1,25-(OH)2D, which is reg-
vitamin D metabolism or by the excessive production of the ulated by a negative feedback by 1,25-(OH)2D, calcium, phos-
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phorus, fibroblast growth factor 23 (FGF-23) and activated by
parathyroid hormone (PTH) [4]. Elevated 25(OH)D levels per-
sist for several months as it is lipophilic and can be stored in
adipose tissue [2, 5]. Laboratory findings in vitamin D intoxica-
tion are elevated 25(OH)D concentrations (> 150 ng/ml), se-
vere hypercalcemia, hypercalciuria and a low or undetectable
PTH [3,6]. Clinical symptoms of vitamin D intoxication include
polyuria and polydipsia due to hypercalciuria, cardiovascular
symptoms such as QT-shortening or ST segment elevation,
neurological manifestations such as apathy, confusion and
drowsiness or gastrointestinal symptoms e.g. vomiting, ab-
dominal pain and failure to thrive [3,7-9]. Hypercalciuria and
urinary supersaturation of calcium induces intra- and extratu-
bular accumulation of calcium salts in the kidney leading to
AKI with tubulointerstitial nephritis and nephrocalcinosis [10].
The deposition of calcium salts and crystals at the tubuloint-
erstitium may induce tubular necroptosis, a programmed cell
death driven by activation of immune cells and pro-inflamma-
tory cytokines, thereby aggravating renal failure [11].

The therapy for vitamin D intoxication includes elimination of
exogenous vitamin D supply, calcium reduced diet and forced
diuresis [12]. Further options are the administration of pred-
nisolone or bisphosphonates (BS) [13,14]. So far, there is only
limited data about the efficiency and long-term course of the
different treatment strategies. Here, we report a 7-month
follow-up of a child with severe vitamin D intoxication treated
with BS and give a systematic overview of the literature of
published cases with vitamin D intoxication in children includ-
ing treatment regimes.

Case report

A 13-month-old girl diagnosed with failure to thrive was ad-
mitted to a peripheral hospital for further evaluation. The
patient presented with pallor, loss of appetite and mild de-
velopmental regression. A maximum creatinine of 1.65 mg/
dl (N <0,3) and sonographic hyperechogenic kidneys were
found. With the suspicion of unexplained chronic kidney dis-
ease, the patient was transferred to our hospital after 4 days
of treatment with intravenous fluid administration. The medi-
cal history was unremarkable for previous illnesses. Upon
presentation an inadequate weight gain with 7.1 kg (1st per-
centile) and a height of 72 cm (3rd percentile) was evident
after normal thrive in the first 6 months of life (weight 22th
percentile, height 41. percentile). There were no signs of infec-
tion. Laboratory blood testing (Figure 1A) showed acute renal
injury (AKI) (creatinine 1.2 mg/dl; cystatin ¢ 1.79 mg/l; urea
38 mg/dl). AKI was classified as pRIFLE stage 3 (eGFR 33 ml/
min/1.73m?, N 105+12; cystatin C GFR 48 ml/min/1.73m?, N
92+12). Additional findings were severe hypercalcemia (3.73
mmol/l, protein-corrected), anemia (hemoglobin 9.2 g/dl, nor-
mochromic, normocytic) and a very low parathyroid hormone
(10.1 pg/ml). Urine testing showed hallmarks of tubulointer-
stitial nephritis with tubular proteinuria (alpha-1-microglob-
ulin/creatinine quotient 20 mg/g, N<14), decreased tubular
phosphate reabsorption (63%, N>80%) and decreased water
reabsorption (93.2%, N>98.5). There was also an increased

fractional sodium (4.82%, N<1) and chloride excretion (6.52%,
N<1). An increased calcium-creatinine quotient was initially
not detectable. The renal sonography showed enlarged and
hyperechogenic kidneys (Figure 1B). There was no evidence of
detritus or kidney stones. As the laboratory values were sug-
gestive for vitamin D intoxication, the supplements adminis-
tered were analyzed. The daily vitamin D dosage was found to
be far above the recommended norm of 500 IU daily. Due to a
10-fold higher concentration of over-thecounter suspension,
the patient received 20.000 IU per day for more than 8 weeks.
The patient’s entire vitamin D intake for the first 13 months
of life was thus eight times higher than the recommended in-
take. The 25(OH)D level was markedly increased to 661 ng/ml
(N 20-100) and the vitamin D-1,25 was 575 ng/| (N 25-154).
A calcium-reduced diet and forced diuresis with intravenous
fluid substitution combined with furosemide (maximum 7 mg/
kg/d) were started (Figure 1C). Bisphosphonates (neridronate
2 mg/kg/d) were given on day 2 and 3. For renal anemia and
iron deficiency additional subcutaneous administration of
erythropoietin and iron supplementation were necessary. Fur-
thermore, the patient developed arterial hypertension, which
was treated with amlodipine. Normal creatinine levels were
achieved on day 7, normal cystatin C concentrations on day
90, and normocalcemia on day 12 after therapy initiation. The
patient was discharged on day 23. Vitamin D levels normal-
ized 7 months after diagnosis. However, the kidneys were still
hyperechogenic at that timepoint.

Methods and Statistical Analysis

We performed a literature research at PubMed using the key
words “pediatric”, “vitamin D intoxication”, and “bisphospho-
nate” and identified 46 pediatric cases from 10 single case
reports or case series published in the years 2011 — 2021 [1-
3,7-9,12-21]. We selected case reports with reported vitamin
D, PTH, and serum calcium concentrations. We calculated the
eGFR in ml/min/1.73m? using the Schwartz formula [22]. In
cases without height documentation, an age and sex adapted
height of the 50th percentile was used to calculate the eGFR
[23]. In 38 of the 46 cases, where both serum calcium and
nephrocalcinosis were reported, binary logistic regression was
performed using SPSS v28 to assess the predictive capacity of
serum calcium on the development of nephrocalcinosis.

Results

We analyzed 46 pediatric cases with vitamin D intoxication
from 10 single case reports or case series published in the
years 2011 — 2021 (Figure 2A) [1-3,7-9,12]. Reasons for vita-
min D intoxication in the studied cases included high doses
prescribed by physicians, manufacturing errors in dietary
supplements, self-medication with over-the-counter supple-
ments, enriched fish oil, or accidental overdose (Table 1). Me-
dian age at presentation was 12.6 months + 1.0 months (Fig-
ure 2A). Renal function parameters were documented in 13 of
46 cases with a mean GFR of 72.1 + 32 ml/min/1.73m? (Figure
2A). Eight of these 13 children presented with a reduced eGFR
defined as an eGFR lower than 1 standard deviation from
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Figure 1: (A) Laboratory of our patient at presentation, day 30, day 90 and day 180. (B) sonographic hyperechogenic kidneys
of our patient. (C) patient’s treatment plan. D: day; m: month; ICU: intensive care unit.
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Figure 2: (A) Clinical and laboratory characteristics of reported cases (n = 46). Max: maximum, min: minimum, SD: standard
deviation. (B) Presence of nephrocalcinosis in pediatric cases of vitamin D intoxication. In 12 of 46 children nephrocalcinosis
(NC) was detected, 26 patients did not show any signs of NC and in the remaining 8 cases no kidney sonography was reported.
(C) 25-(OH)D (ng/ml) levels do not correlate with serum calcium levels of reported cases. (D) Serum calcium level predict
nephrocalcinosis. The cut-off serum calcium level to predict nephrocalcinosis in more than 50% is 4.37 mmol/| with an overall
classification accuracy of 78.9 %. (E) Distribution of applied treatment regimes. A total of 46 pediatric cases with vitamin D

intoxication was analyzed.

the age specific references values according to KDIGO 2012
Guideline24. Measured 25(OH)D levels revealed a high vari-
ability with a mean 25(0OH)D level of 497 + 217 ng/ml (N <150)
(Figure 2A). Hypercalcemia was present in 45 of 46 cases with
a mean serum calcium level of 4.08 + 0.6 mmol/I (N 2.2-2.7)
(Figure 2A). The measured PTH values showed high variability
with a mean of 5.6 + 14.5 pg/ml (N 13-65) (Figure 2A). No
significant correlation was found between 25(0OH)D levels and
serum calcium levels (Figure 2B). Sonography of the kidneys
was performed in 38 of 46 cases, which revealed the presence
of nephrocalcinosis in 12 cases (Figure 2C). The binary logistic
regression model identified hypercalcemia as a positive pre-
dictor to develop nephrocalcinosis (Figure 2D). The model was

valid and with a Cohen’s coefficient of 0.22 the effect size can
be classified as medium. Odds ratio to develop nephrocalci-
nosis is 1.286 for every 0.1 mmol/l increase in serum calcium.
The cut-off serum calcium level to predict nephrocalcinosis in
more than 50% is 4.37 mmol/l with an overall classification ac-
curacy of 78.9 %. (Figure 2D). Fortyfive of 46 patients received
i.v.-hydration and diuretics. Forty of 46 patients received a cal-
cium-reduced diet. In all 46 cases the supportive therapy was
not sufficient to control the hypercalcemia. Hence, further
therapy was needed. With 80 % of all patients included in this
analysis, the vast majority received bisphosphonates (Figure
2E). The two active ingredients prescribed were pamidronate
and alendronate. Eight of 46 children were treated with cor-

Volume 2 | Issue 4 | 2022



jcmimagescasereports.org

tisone only, of which 7 patients got prednisolone and one re-
ceived hydrocortisone. Twelve patients were treated with the
combination of prednisolone and bisphosphonate. Only one
patient got calcitonin and prednisolone (Figure 2E).

Discussion

Vitamin D intoxication can lead to severe renal complications
such as AKI and long-lasting nephrocalcinosis [2]. In recent
years, the number of affected pediatric patients seems to have
increased with the growing use of vitamin D supplementation
[3,8,14]. Infants are at highest risk since they are exposed to
daily supplementation [3]. Here, we analyzed 46 published
cases of vitamin D intoxication showing that the mean age
of the patients was 12.6 months. The presented 13-month-
old girl belongs to this most affected age group of hypervita-
minosis D. Very recently, Lin et al. presented 44 patients with
vitamin D intoxication with a mean age of 17.5 months [25].
Hence, especially in infants with hypercalcemia, vitamin D in-
toxication should be considered as a relevant differential diag-
nosis. The level of 25(OH)D in our patient was 661 ng/ml (N
<150), which was higher than the mean 25(0OH)D level of 497
ng/mlin our 46 reviewed cases with vitamin D intoxication. Lin
et al. reported a mean 25(0OH)D level of 124 ng/ml, which was
much lower than the levels reported in our reviewed cases. A
possible explanation could be the fact that only 45.5% of the
included children in their study met the criteria for hypervita-
minosis [25]. Our analysis of 46 cases with vitamin D intoxica-
tion showed no significant correlation between the measured
25(0OH)D levels and the serum calcium concentration. These
findings are consistent with data from older case series and
meta-analyses [2,14]. Polymorphisms in genes that regulate
vitamin D metabolism may explain the lack of correlation.
Genome-wide association studies showed that single nucleo-
tide polymorphisms (SNPs) of the vitamin D binding protein
and of proteins that regulate the synthesis or hydroxylation of
25(0OH)D have an impact on the 25(0OH)D levels [26-28].

AKI caused by hypercalciuria and nephrocalcinosis was pres-
ent in 62% (8 of 13 children) of our reviewed cases. These
eight children had a reduced eGFR at presentation. By con-
trast, Lin et al. reported AKl in only 9% (4 of 44 children) with a
mean serum creatinine of 0.5 mg/dl [25]. This difference could
be explained by a more severe vitamin D intoxication with
1.5-fold higher mean serum calcium levels in our reviewed
cases (4.08 mmol/l) compared to the study of Lin et al. (2.57
mmol/I) [25]. In our patient with AKI (pRIFLE stage 3) the eGFR
was only 33 ml/min/1.73m2 at presentation and recovered
slowly over time. The AKI following vitamin D intoxication was
caused by tubulointerstitial nephritis with tubular proteinuria
(alpha-1microglobulin/creatinine quotient 20 mg/g, N<14),
loss of sodiumchloride, glucosuria as well as a decreased con-
centration capacity (water reabsorption 93.2%, N>98.5). This
tubulointerstitial nephritis may be caused by toxic effects of
calcium salts and crystals, which form in the tubular lumen
due to supersaturation of calcium [10]. Calcium crystals in the
kidney not only cause kidney injury by obstructing the tubular
lumen, but also elicit a variety of cytotoxic effects on renal tu-
bular cells by triggering inflammation [11]. They can activate
transmembrane surface receptors, which mediate necroptosis
in renal tubular cells, a regulated form of necrosis and necro-
inflammation [11]. The process of self-amplifying necroinflam-
mation might be the explanation for the time gap between
normalization of serum calcium levels and kidney function.

In our patient, normocalcemia was achieved on day 12 after
therapy initiation, whereas it took 90 days until normalization
of cystatin C concentrations, demonstrating that acute kidney
injury was still ongoing.

Our analysis of 46 published cases showed that 38 children
were checked by renal sonography, which revealed nephro-
calcinosis in 31%. This is in line with the very recent study of
Lin et al. showing that nephrocalcinosis was present in 32%
children with hypervitaminosis D (14 of 44 patients) [25]. Un-
fortunately, no conclusion could be drawn about the course
of nephrocalcinosis after normalization of serum calcium. This
is due to lack of data in the analyzed case reports and stud-
ies. In our patient, nephrocalcinosis was still present 7 months
after normalization of serum calcium levels. One case report
still showed calcified spots in the renal tissue after one year,
while the published data by Lin et al. showed persistent neph-
rocalcinosis over 5 years of follow-up [19,25], underlining the
importance of kidney monitoring in patients with vitamin D
intoxication.

Serum calcium levels above 3.5 mmol/l are known to cause
further organ damage, but there is very limited data about risk
factors and long-term consequences of renal involvement [1].
Here, we were able to identify a cut-off serum calcium level
of 4.37 mmol/I to predict the development of nephrocalcino-
sis. When reaching this calcium level, the estimated risk for
nephrocalcinosis is above 50 %. Nevertheless, in our patient a
maximum serum calcium level of 3.73 mmol/I was sufficient to
cause nephrocalcinosis. Our findings imply that patients with
vitamin D intoxication should have routine check-up for re-
nal involvement including sonography and renal function pa-
rameters for at least several years. Further prognostic factors
for nephrocalcinosis following vitamin D intoxication are low
body weight <10.25 kg and height <78.5 cm. In particular the
body surface area (BSA) <0.475 m? is a significant prognostic
predictor of nephrocalcinosis, emphasizing the need for renal
check-ups in the very small and young infants with hypervita-
minosis D [25]. The basic management of vitamin D intoxica-
tion includes vitamin D restriction, calcium reduced diet and
forced diuresis [12]. A case series from 1948 showed that it
takes up to 1 year to achieve normocalcemia when only those
two treatment options were available [29]. Hence, almost ev-
ery case requires further medication. The most common drugs
used in our analysis were bisphosphonates such as pamidro-
nate 20/46, alendronate 4/46 and prednisolone 8/46 or a
combination of both 12/46. Retrospective studies revealed a
significant superior effectiveness of bisphosphonates towards
prednisolone regarding the management of hypercalcemia.
Time to normalization of serum calcium and relapses of hyper-
calcemia are lower when bisphosphonates are used [1,12,14].
In our case report, we used two shots of neridronate and
achieved normocalcemia on day 12. No side effects were ob-
served, and no major complications of bisphosphonates were
reported in the reviewed cases. We summarize that severe hy-
percalcemia due to vitamin D intoxication should be treated
with bisphosphonates, as it is well tolerated and the most ef-
ficient medication to treat hypercalcemia.

Conclusion

Every child with severe vitamin D intoxication and hypercal-
cemia should be checked for renal complications including
assessment of renal function parameters und renal sonogra-
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phy. Beyond the basic therapeutic management consisting of
vitamin D restriction and forced diuresis, the administration
of bisphosphonates should be considered. Administration
of bisphosphonate in children is safe and the most effective
treatment for hypercalcemia in vitamin D intoxication.
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