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Familial hypocalciuric hypercalcemia (FHH, [OMIM #145980]) is recognized as a benign
endocrine condition affecting PTH and calcium levels due to heterozygous inactivating
mutations in the calcium sensing receptor (CaSR). The condition is often un- or
misdiagnosed but may have a prevalence as high as 74 in 100.000. Here, the neonatal
courses of two brothers with paternally inherited FHH (CaSR c.554G>A; p.(Arg185Gln))
are described. The older brother was born preterm at 25 weeks gestation with
hypercalcemia and hyperparathyroidism. The younger brother, born full-term, had
severe hyperparathyroidism, muscular hypotonia, thrombocytopenia, failure to thrive
and multiple metaphyseal fractures. Treatment with cinacalcet was initiated, which
resulted in subsequent reduction of PTH levels and prompt clinical improvement. While
it is known that homozygous mutations in CaSR may lead to life-threatening forms of
neonatal severe hyperparathyroidism (NSHPT), few reports have described a severe
clinical course in neonates with FHH due to heterozygous mutations. However, based on
the pathophysiological framework, in de novo or paternally transmitted FHH the differing
calcium needs of mother and fetus can be expected to induce fetal hyperparathyroidism
and may result in severe perinatal complications as described in this report. In summary,
FHH is a mostly benign condition, but transient neonatal hyperparathyroidism may occur
in affected neonates if the mutation is paternally inherited. If severe, the condition can be
treated successfully with cinacalcet. Patients with FHH should be informed about the risk
of neonatal disease manifestation in order to monitor pregnancies and neonates.

Keywords: familial hypocalciuric hypercalcemia, neonatal hyperparathyroidism, pregnancy, management, calcium
sensing receptor (CaSR), FHH
Abbreviations: NHPT, neonatal hyperparathyroidism; CaSR, calcium-sensing receptor; NSHPT, neonatal severe
hyperparathyroidism; FHH, familial hypocalciuric hypercalcemia; PTH, parathyroid hormone; TSAP, total serum alkaline
phosphatase; PHPT, primary hyperparathyroidism.
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INTRODUCTION

Loss-of-function mutations in the calcium-sensing and signaling
pathway cause a spectrum of calcium-hyposensitivity-disorders
with elevated PTH secretion (1). The resulting disorders can be
summarized by inappropriately high PTH concentration despite
elevated serum calcium levels.

Familial hypocalciuric hypercalcemia (FHH) comprises a
genetically heterogenic group (2): FHH1 [OMIM #145980] is
caused by heterozygous inactivating mutations in the calcium-
sensing receptor (CaSR) gene (3). FHH2 and 3 are caused by
mutations in genes encoding for proteins involved in calcium
signal transduction (4–6). The CaSR is a member of the subfamily
of G protein-coupled transmembrane receptors and is expressed
in parathyroid chief cells and the renal tubulus (7). FHH typically
presents with the biochemical triad: life-long, non-symptomatic,
non-progressive hypercalcemia, normal or slightly elevated serum
PTH levels and hypocalciuria (8). Thus, FHH is thought to be a
mostly benign condition, with no definite association to adverse
outcomes (8). Accordingly, the vast majority of patients with FHH
do not require medical or surgical treatment (2, 9) and counseling
of affected individuals aims to avoid future misdiagnosis and
unnecessary parathyroidectomies (9, 10).

In contrast to the clinically benign course of FHH1, neonatal
severe primary hyperparathyroidism (NSHPT) [OMIM #239200]
is a severe rare disease associated with a high mortality and is
usually caused by homozygous inactivating mutations in the CaSR
gene (8, 11). Infants with NSHPT develop severe and symptomatic
hypercalcemia with muscular hypotonia, respiratory distress,
fractures, intestinal dysmotility, and failure to thrive in the early
days of life (12–14). Milder phenotypes are summarized as
neonatal hyperparathyroidism (NHPT) and refer to infants with
elevated serum PTH levels and resulting bone disease, but only
modest hypercalcemia, usually based on heterozygous inactivating
mutations of CaSR (15).

Here, we present the disparate neonatal courses of two siblings
with a paternally inherited FHH.
CASE PRESENTATION

Patient 1 was born in 2017 and is the first child of unrelated
Caucasian parents. He was born by cesarean section at 25 weeks
after premature rupture of membranes with gestational age-
appropriate weight and height.

At birth, his serum calcium was 3.04 mmol/l (n: 1.90 – 2.60)
and ionized calcium 1.41 mmol/l (n: 1.22 – 1.37). At day 23 of life
elevated PTH (85.9 pg/ml [n: 14.9 – 56.9]) and total serum alkaline
phosphatase (TSAP) (518 U/l [n: 89 – 390]) were detected while
urinary calcium excretion was low (Figure 1A). Phosphate levels
were within the normal range. He required tube-feeding with
breastmilk starting day 1 of life. During the first 2 weeks, he
received partial parenteral nutrition with lipids containing vitamin
D3. Due to hypercalcemia routine oral vitamin D and calcium
supplementation were withheld until day 42 of life.

Based on a suspected diagnosis of FHH the routine
supplementation with 500 IE Vitamin D3 daily was initiated
Frontiers in Endocrinology | www.frontiersin.org 2
from day 42 and a calcium supplementation of 128 mg/kg BW/d
(from day 48 to age 3 months) was started as appropriate for
preterm infants. Calcium levels stabilized around 3.42 mmol/l
and PTH remained only slightly elevated (Figure 1A).

At discharge at a postmenstrual age of 38 weeks renal
ultrasound showed minimal nephrocalcinosis.

Molecular genetic analysis revealed the same heterozygous
variant in CaSR NM_000388.4:c.554G>A;p.Arg185Glu;
[GRCh37/hg19:chr3:g.121980436], a class V variant, that was
later proven in his father. The father has been asymptomatic so
far and no further diagnostic workup has been performed. To
our knowledge, no other family members are affected.

Bayley Scales of Infant Development-II showed normal
development at 24 months corrected age (Mental Development
Index 112, Psychomotor Developmental Index 96). The boy is a
currently a healthy 4-year-old with a stable serum calcium of
around 3.6 mmol/l. No nephrocalcinosis is present on ultrasound.

Patient 2 is the family’s second child.Hewas born by vaginal delivery
at a gestational age of 41 weeks with normal size and Apgar scores.

At 31 and 37 weeks of gestation bowing of the right proximal
femur was detected by ultrasound. Postnatally, clinical examination
revealed radial deviation of both wrists.

Laboratory examination on day 1 showed thrombocytopenia
(15.000/ml [n: 355.000 – 666.000/ml]) and hyperbilirubinemia
(9.5 mg/dl [n: 0 – 7.0 mg/dl]). The boy received two platelet
transfusions and phototherapy. Elevated serum calcium of 2.69
mmol/l and an ionized calcium with 1.54 mmol/l was present. PTH
was elevated at 196.5 pg/ml, while serum phosphate and TSAPwere
normal. Urinary calcium was undetectable when first measured on
day 21 of life (Figure 1B). According to national guidelines routine
vitamin D3 supplementation with 500 IE/d was started on day 5.

Radiographs revealed multiple metaphyseal fractures of the
long bones as well as multiple fractures at different stages of
healing. Skeletal survey showed a generalized decrease in bone
density with poor mineralization of the entriegeln skeleton, and at
the skull wide sutures and a wormian bone was noted. (Figure 2).

The boy showed muscular hypotonia, limited movement of
extremities, mispositioning of both wrists and the left proximal
humerus with signs of discomfort.

The familial diagnosis of FHHwas assumed and later confirmed.
Patient 2 carries the samemutation in CaSR as his older brother and
his father: NM_000388.4:c.554G>A;p.Arg185Glu;[GRCh37/hg19:
chr3:g.121980436].

Breastfeeding was attempted, but proved difficult due to
muscular hypotonia.

The patient was started on 20 mg/m² body surface/day of
Cinacalcet orally given as 2.5mg twice daily on day 26.
Subsequently, PTH levels decreased and urinary calcium
excretion was detectable. The patient’s overall clinical condition
gradually improved. (Figure 1B).

Breastmilk was provided via bottle feeds and routine vitamin
D supplementation was increased to 1000 IE per day during the
4th week of life.

Maternal blood test (on day 23 after delivery) showed normal
levels of 25OH vitamin D at 22.0 ng/ml [n: 20 - 46] calcium (2.36
mmol/l [n: 2.20 – 2.70]), phosphate (1.31 mmol/l [n: 1.10 –
2.00]) and PTH at 18.4 pg/ml [n: 15 – 65].
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On follow-up, the boy presented bi-weekly from 6 weeks of age
until present (age 6 months). Muscular hypotonia gradually
improved, as did the deformities on the left proximal humerus
and the wrists. Cinacalcet was discontinued at 6 months of age and
the vitamin D supplementation was reduced to 500 IE/d, to prevent
oversubstitution. Serum calcium currently is 3.20mmol/l and PTH is
26.7 pg/ml. There is no evidence for nephrocalcinosis (Figure 1B).
DISCUSSION

Whilst FHH1 [OMIM #145980] is thought to be a benign, typically
asymptomatic condition (8), transient neonatal hyperparathyroidism
later reverting to FHH has been reported, even in patients with
heterozygous CaSR mutations, including the c.554G>A,
p.Arg185Gln; R185Q variant present in the family of this report
(13, 16–21). This mutation is known to result in defective receptor
Frontiers in Endocrinology | www.frontiersin.org 3
signaling (13, 22, 23), while the ligand binding is unaffected allowing
for potential treatment with calcimimetic drugs (12, 24).

The development of neonatal hyperparathyroidism in FHH is
likely modified most significantly by the parental origin of the
CaSR mutation. In pregnancies affected by de novo or paternally
derived mutations, the calcium setpoints of mother and fetus differ
and result in conflicting regulation of calcium levels (13, 23). In
these pregnancies the normocalcemic maternal environment is
perceived as hypocalcemic by the fetus and thus induces fetal
hyperparathyroidism to support increased fetal calcium levels at
the expense of increased bone resorption. Laboratory findings in
both neonates of this report resembled this situation (Figure 1) The
demand for calcium may result in pre – and perinatal fractures, as
seen in patient 2 (Figure 2) (16, 20). However, paternal inheritance
does not always lead to NHPT but may only cause FHH, as shown
in the first brother of this report (25). In contrast, in pregnancies
affected by maternally derived FHH, mother and fetus share the
A B

FIGURE 1 | Laboratory parameters and calcium-affecting treatments over the first 150 respectively 240 days in Patient 1 Panel (A) and Patient 2 Panel (B). Vitamin
D3 was provided orally/once daily. Cinalcacet was started in patient 2 on day 26 of life at 20 mg/m² body surface (5mg) daily and increased on day 137 of life based
on increased body weight and elevated calcium levels (to 6mg). Age-appropriate normative range is indicated by the grey bar for calcium, PTH and total serum
alkaline phosphate (TSAP) levels; Red arrow: estimated date of delivery.
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FIGURE 2 | Radiographs (Patient 2) at 3 weeks of life: Images of the skull (A, B) show blurred borders at the cortical/medullar bones and wide sutures with
occipital intrasutural bones (Wormian bones). Poor mineralization is present in the skeleton as seen on the thoracoabdominal radiograph (C) arms and legs.
Multiple metaphyseal fractures are present in both arms, with malalignments of the radius and ulna (E–H). Distal fractures of the right tibia and fibula are present
(D), with internally rotated position and, to a lesser extent, likewise on the left. Fractures on the left side are close to consolidation, indicating intra uterine onset
of fractures.
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need for increased calcium levels and stimulation of fetal PTH is
not required for calcium homeostasis (26).

In fact, the majority of the reported neonatal FHH cases are
caused by de-novo or paternally derived mutations in CaSR,
supporting the notion that maternally inherited FHH usually
remains asymptomatic (11, 23, 27). Like patient 2 of this report
Tonyushkina et al. reported the case of a female infant with
paternally derived FHH (CaSR (c.1664T>C) het) who was affected
by multiple fractures and bilateral femoral bowing in utero (28) and
like the older child of this report, prematurely born infants with
paternally inherited CaSR mutations were reported by Harris et al.
and Fox et al.While the reason for premature delivery in patient 1 of
this report was rupture of membranes (25 weeks), acute antepartum
hemorrhage (27 weeks) and progressive preeclampsia (34 weeks)
were reported in the other two cases (20, 29).

Amodifying factor in the phenotypic variability of heterozygous
CaSR mutations may be the maternal vitamin D status. Schwarz
et al. reported the rare case of an infant with NHPT, based on a
maternal heterozygous mutation in CaSR. (30) In this case NHPT
might have risen based on insufficient calcium supply of the fetus,
e.g. via severe maternal vitamin D deficiency (11). Consistent,
Zajickova et al. presented the case of a newborn who inherited a
heterozygous mutation from her father and presented with a
milder phenotype. When studying the modifying effect of
exogenous factors, the authors demonstrated an effect of
adequate vitamin D levels in the infant, born to a healthy, yet
vitamin D insufficient mother. This patient with low 25OHD level
profited from an early start of vitamin D supplementation (21).

A possible reason for the different clinical presentation of the two
patients of this report might be the gestational week at birth. Patient
2 was born full-term with a more severe disease and multiple
fractures, which at least partly were probably present in utero. Due
to the longer duration of the pregnancy, this child was longer
exposed to the relatively hypocalcemic intra-uterine environment.
In contrast, patient 1 was born at 25 + 6 weeks gestation and received
calcium supplementation allowing for better mineralization during
the third trimester. In utero, 80% of mineral is absorbed during the
third trimester, resulting in an increase of trans-placenta calcium
uptake from 60mg/day of calcium at week 24 of gestation to between
300 and 350 mg/day during the last 6 weeks of the pregnancy (31,
32). Another potential mechanism for the different clinical
presentation of the two patients of this report might be maternal
vitamin D status during Gestation, as maternal vitamin D supply
und calcium status plays a role for the clinical outcome of neonates
with CaSR mutations (21).

These findings and the knowledge on the pathophysiology of
FHH should have practical implications for the management of
pregnancies affected by FHH and genetic counseling of patients
with FHH. This becomes particularly relevant in light of the recent
publication by Dershem et al. who presented results from whole
exome analyses in 51,289 probands of the DiscovEHR cohort in
northern USA and detected a prevalence of CaSRmutations of 74.1
per 100.000. Of those, 49/100.000 show a clinical FHH1 phenotype.
The authors state that these results indicate a prevalence of FHH
comparable to that of primary hyperparathyroidism (PHPT). If
these findings can be replicated, FHH cannot be considered a rare
disease anymore (33, 34). Assuming a prevalence of 74/100.000,
Frontiers in Endocrinology | www.frontiersin.org 5
about 580 neonates would have been affected by inherited FHH
(with about 50% paternal inheritance) and an unknown number of
de novo cases, based on the 780.000 livebirths in Germany in 2019.
These numbers are difficult to interpret, given the fact that NHPT is
reported so rarely in the literature.

Given the range of possible neonatal outcomes, Ghaznavi et al.,
recommend offering genetic counseling to all pregnant women with
confirmed FHH or a partner with FHH (10). This seems reasonable,
especially in the light of the data by Dershem et al. (33). Of note, no
specific treatment in utero is reported or seems feasible, except for
ensuring a sufficient vitamin D and calcium status in the mother.

Treatment of neonatal FHH and NHPT is not always necessary.
Spontaneous clinical improvements in infants with NHPT have been
reported (35). In fact, spontaneous recovery of neonates should be
expected in cases of NHPT based on paternal inheritance, since the
counter-regulating maternal environment is no longer influencing
the fetal organism, and the neonate is allowed to achieve higher
calcium levels and correct the osteopenia, if enough calcium is
provided (20).

In very severe cases with clinical signs and fractures treatment
with cinacalcet can be considered as in patient 2 of this report.
Cinacalcet binds within the transmembrane domain and enhances
CaSR sensitivity to extracellular calcium, resulting in normalization
of PTH (Figure 1A). It is not approved for clinical use in pediatrics
or FHH (36) but successful off label use in FHH has been reported
previously (37–39). Based on the severe phenotype with multiple
fractures, it was decided to use cinacalcet off label and discontinue
the calcium treatment. The mutation in the family of this report is
known to result in defective receptor signaling (13, 22, 23), while
the ligand binding is unaffected allowing for potential treatment
with calcimimetic drugs (12, 24). However, it remains unclear,
whether the use of cinacalcet was necessary or whether a
spontaneous improvement over time would have occurred, as
reported by others (35).

CONCLUSION

Neonates with FHH based on paternally inherited CaSRmutations
may present with or develop symptomatic hyperparathyroidism
and fractures. This clinically relevant neonatal hyperparathyroidism
may occur more frequently than currently established. Patients with
FHH should be informed about this risk and careful monitoring of
the pregnancy and the neonates is necessary.
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