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Abstract

Autosomal dominant hypocalcemia type I is due to a gain-of-function mutation in CASR. We report on a very symptomatic
patient in whom classical treatment lead to massive hypercalciuria, so that recombinant 1-34 PTH was used from 8 weeks of

life. Our aim is to document pitfalls of this treatment.
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Introduction

Calcium sensing receptor (CASR) is a G-protein-coupled
receptor that plays an essential role in calcium homeostasis. It is
expressed mainly in the parathyroid glands, kidneys and bones.
It mediates parathormone (PTH) secretion and also directly
regulates the rate of divalent cation reabsorption by the kidneys
[1, 2, 3]. Heterozygous activating mutations in CASR cause
Autosomal dominant hypocalcemia (ADH), characterized by
hypocalcaemia with inappropriately low PTH levels and high
urinary calcium excretion. Additionally, hyperphosphatemia and
hypomagnesaemia are present. The clinical manifestations of ADH
vary from asymptomatic or mild paresthesia to seizures [4, 5].
Treatment of symptomatic ADH patients is challenging. The risk
of nephrocalcinosis is increased by vitamin D analogs, calcium
and magnesium supplementation [5]. Subcutaneous recombinant
1-34 PTH as a treatment for hypoparathyroidism in adults was

first described in 1996. [6] In 1998, Winer et al reported that adult
patients with an activating CASR mutation required higher doses
of recombinant 1-34 PTH than patients with hypoparathyroidism;
the treatment did not normalize but significantly lowered urinary
calcium / creatinine ratio [7]. The use of recombinant 1-34 PTH in
children with hypoparathyroidism was first described in 2008. [8]
In 2011, recombinant 1-34 PTH delivered by an insulin pump [9]
was reported to be a good therapeutic alternative since it reduces
calciuria. A few patients with long-term follow-up with 1-34
recombinant PTH were published: 13.5 years with twice daily
injections [10] and 8 years with pump delivery [11]. PTH delivered
by pump seems to produce the most physiological replacement.
[12] However, currently, no consensus on ADH treatment exists,
especially during infancy.

We report on an infant with ADH treated with recombinant
1-34 PTH from the age of 8 weeks. Our aim is to document the
pitfalls encountered during 5.5 years of treatment.

Case Report

A male neonate was referred to our pediatric endocrinology
unit for hypocalcaemia. The boy was born at 37 weeks with 4,060
kg (2,2 SDS), 54 cm (2, 2 SDS), and a head circumference of 37
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cm (2, 7 SDS). The pregnancy was obtained after reimplantation of
a frozen embryo obtained by in vitro fertilization. Polyhydramnios
was present during pregnancy. At 37 weeks of gestation, the
mother presented a nephritic colic and labor was induced due
to maternal renal dilatation. On the first day of life, tremor was
observed. Laboratory investigations showed hypoglycemia which
was rapidly corrected. Despite normal glycaemia, tremor persisted.
Hypocalcemia (calcium 1.57 mmol/l, NR: 2.2-2.7) was noted along
with hyperphosphatemia (Phosphore 3.25 mmol /L, NR: 1.28-2.08),
hypomagnesiemia, (Magnesium 0, 59 mmol/l, NR: 0.66-1.07) low
PTH (PTH 5 ng/l, NR: 15-65) and hypercalciuria (5.470 mol/
mol creatinine, NR: <2.200) (Figure 1). A heterozygous de novo
activating mutation in CASR gene was found (c.374T>C). As he
was symptomatic, calcium supplementation and vitamin D analogs
were started. The patient also received magnesium supplementation
(20 mg/kg/day elemental magnesium), hydrochlorothiazide (1
mg/kg/day) (in order to reduce hypercalciuria) and 800 Ul/day
of 25 OH vitamin D. Despite treatment, calcemia stayed low and
calciuria increased. At 6 weeks of life, the clinical exam revealed
an extreme irritability and poor weight gain. Calcemia was 1, 65
mmol/l and calciuria was 5.905 mol/mol creatinine. Consequently,
at 8 weeks of life, treatment with recombinant 1-34 PTH was
started as a continuous subcutaneous infusion with a Minimed 640
G insulin pump (Medtronic). Classical treatment was stopped. The
starting dose was 0.47 pg/ kg/day. 60 mcg (0, 24 ml) recombinant
1-34 recombinant PTH was diluted in 1, 56 ml of 0, 9% saline
solution in the 1.8 ml reservoir.

Calcemia normalization occurred within the first 12 hours.
Phosphatemia normalized within 7 days. Calciuria significantly
dropped within 1 week. The catheter was replaced every 72h. The
site of subcutaneous catheter insertion was also modified every 72h.
Buttocks, lower back and thighs were used as catheter insertion
sites. Both parents got the instructions about management. During
febrile episodes, the flow rate was increased to 120%, preceded by
a 4U bolus (1.33 g of recombinant 1-34 PTH).

At 5.5 month of age, 6.5 and 13 months of age, he
presented a stridor. At 5.5 month of age, stridor led the parents
to consult the emergency department. No infection was present
but a severe hypocalcemia of 1.42 mmol/l (reference range 2.25-
2.75), hypomagnesemia (0.60 mmol/L (N.R.0.66-1.07)) and
hyperphosphatemia (2.89 mmol/L (N.R.1.28-2.08)) were noted.
Serum 25 OH vitamin D was 45.8 ng/ml 1 month before. Initially,
PTH dose was increased and he received calcium supplementation

but calcemia did not improve (stayed at 1.87 mmol/l); the catheter
and the site of insertion was replaced without success. Then 50
000 UI of vitamin D were given orally and calcemia increased to
reach hypercalcemia after 72 h (3.12 mmol/l) so PTH was reduced
to his usual dose.

After this episode, vitamin D was increased to 25 000 Ul/
week. Throughout the follow-up serum levels of 25 (OH) vitamin
D were mostly in the high normal values between 77-95 ng/l
One month later, stridor improved after subcutaneous catheter
replacement.

At 13-months of age, hypocalcemia re-ocurred, (1.53
mmol/l) despite normal serum 250H Vitamin D (53 pg/l, NR:
30-80) and catheter replacement. Initially, 1-34 PTH doses were
increased but without improvement. Calcemia normalized only
after administration of a bolus of 50 000 UI of oral vitamin D.

During follow-up, the dilution of the 1-34 recombinant PTH
was changed, adding less saline solution, (0,78 ml saline rather
than 1.56 ml leading to a more concentrated PTH solution) and
improvement was obtained. He required then 0.75 pg/kg/day
of 1-34 recombinant PTH. We do not used pure recombinant
1-34 PTH, in order to reduce waste of product, as the product is
expensive. At the same age, we observed that calcemia decreased
after 48h of catheter replacement. Consequently, the catheter was
replaced every 48h. The dose of the recombinant 1-34 PTH was
progressively increased to 0, 7 mcg/kg/day in order to normalize
calcemia and reduce hypercalciuria. Also, bubbles were observed
in the reservoir and the tube, leading to a drop in calcemia when
bubble were present. So, the parents are checking, at least every
8 h, for bubbles in the catether. In 2021 Omnipod Dash became
available in Belgium and at 4 years and 3 month he started to
use it. Initially the same dose was used, but hypercalcemia was
observed and dosage of recombinant 1-34 PTH has been decreased
at 0.55 ng/kg/day.

Currently, the patient is 5.7 years old, his development and
growth are perfectly normal (Figure 2).

Nephrocalcinosis, first noticed before the recombinant 1-34
PTH treatment, has initially evolved, and at 2,5 years of age a low
citrate excretion (172.9 mg/24 h NR: >300) with a high urinary
calcium/urinary citrate was found (1.33 mg/mg, considered normal
>0.7 (13)). Treatment with potassium citrate was initiated 0.4
mmol of citrate/kg. Since then, no evolution of nephrocalcinosis
is seen.
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Figure 1: Evolution of calcemia, phosphatemia and calciuria and treatment during the follow up.

Figure 2: Growth chart of the patient.

Discussion

We report on a young infant with ADH type I treated with continuous 1-34 recombinant PTH delivered by insulin pump. Treatment
was started as soon as 8 weeks of life with a follow-up of 5.5 years. During follow-up we encountered several problems. Higher doses
of vitamin D were necessary to avoid hypocalcemia. Nephrocalcinosis worsened despite the treatment and despite normalized calciuria;
hypocitraturia was observed and once citrate supplements were added, nephrocalcinosis stabilized. Finally bubble formation in the
reservoir and tube contributed to the decrease in the serum calcium levels, using a tubeless pump allowed even to reduce the recombinant
1-34 PTH.
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Indeed since 1996 a few reports using recombinant 1-34
PTH are published in adults. In 2012, pump delivery permitted
a better calcium homeostasis and a dose reduction [14]. Shortly
later, 1-34 PTH was used for the first time in children with
hypoparathyroidism, and was shown to be superior to calcitriol
[15, 16, 17] Using PTH via an insulin pump in children was first
described in 2011 by Linglart et al in 2 children with APECED
and one with idiopathic hypoparathyroidism. [9] In the neonatal
period, PTH treatment was reported by Cho et al for a neonate with
HDR syndrome for a period of 12 days [18]. In a recent paper 3
infants started continuous 1-34 recombinant PTH before 12 weeks
of age, but the follow up was only 0.8 to 3.6 years. [19] The longest
reported follow-up of 1-34 PTH pump delivery is 8 years [11] in a
patient with hypoparathyroidism who started 1-34 PTH treatment
at 6 years and 2 months of age [10]. Our patient started as soon as
8 weeks of life, and doing well after 5.5 years of treatment.

Higher doses than usual of oral vitamin D were necessary
in our patient in order to maintain a normal plasmatic 250H D
level during recombinant 1-34 PTH. Maintaining a normal-high
25 OHD plasma level seemed to help avoiding hypocalcemia.
One of our limitations to this affirmation is not having a serum
level of 25 OH D at the moment of hypocalcemia at 5.5 months
of age. Maintaining normal 25 OH D levels for successful results
was already reported [9] in a patient with profound vitamin D
deficiency.

We also observed hypocalcemia due to bubble formation
in the tube between the pump and the subcutaneous catheter
delivering recombinant 1-34 PTH. Bubble formation using PTH
has never been reported, but bubble formation is frequently
reported by patients using insulin pumps [20, 21]. The use of
Omnipod Dash permitted to decrease the recombinant 1-34 PTH
dose in our patient to 0.55 pg/kg/day. In ADH the reported doses
of 1-34 recombinant PTH continuous infusion are varying between
0.3 to 0.9 pg/kg/day [9, 19].

Maintaining the lowest effective dose of 1-34 recombinant
PTH is important, to minimalize potential long term side
effects. When administered intermittently, recombinant 1- 34
PTH stimulates bone turnover and increases bone volume, as
shown in the iliac biopsies done by Gafni et al in patients with
hypoparathyroidism (2 adults and 3 adolescents) treated with
1-34 recombinant PTH for 1 year at a mean dose of 0.57 pg/
kg/j administered 2 or 3 times a day by subcutaneous injections.
[22] Theman also reported a thickened calvaria after 13, 5 years
of treatment with intermittent 1, 34 recombinant PTH. [10] The
effects of continuous 1-34 recombinant PTH are different in
healthy subject, mostly catabolic [23] but needs further studies in
ADH patients.

Hypocitraturia is a known risk factor for developing
nephrocalcinosis and nephrolithiasis, and is one of the side effects

of thel-34 recombinant PTH treatment in hypoparathyroidism
reported by Gafni et al in 2018. [13] In our patient we found that
urinary citrate was low after 2.5 years of treatment, and this may
contribute to the evolution of the nephrocalcinosis.

In conclusion, we report on long term continuous
subcutaneous 1-34 PTH treatment in a symptomatic infant with
ADH with extremely high calciuria. Given the failure of the
classical treatment to correct calcemia and calciuria, recombinant
1-34 PTH was started as early as 8 weeks of life. This treatment
is still ongoing at the age 5.7 years. The patient reported here is
among the youngest started on continuous 1-34 recombinant PTH
treatment along with the 3 patients reported in 2021 [19] and
the treatment improved both hypocalcemia and hypercalciuria.
We also observed, as already reported in the literature, that
maintaining normal serum levels of 250H vitamin D is important
for good results. Bubble formation in the catheter delivering 1-34
PTH is one of the inconvenient of pump delivery in our patient.
The clinical outcome after 5.5 years is excellent. More studies are
needed to document long-term safety and assess novel therapeutic
options such as calcilytic treatment [24].
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