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Summary

Autosomal dominant hypocalcaemia type 1 (ADH1) is a rare familial disorder characterised by low serum calcium and

low or inappropriately normal serum PTH. It is caused by activating CASR mutations, which produces a left-shift in the set
point for extracellular calcium. We describe an Australian family with a novel heterozygous missense mutation in CASR
causing ADH1. Mild neuromuscular symptoms (paraesthesia, carpopedal spasm) were present in most affected individuals
and required treatment with calcium and calcitriol. Basal ganglia calcification was present in three out of four affected
family members. This case highlights the importance of correctly identifying genetic causes of hypocalcaemia to allow for
proper management and screening of family members.

Learning points:

e ADHT1 is a rare cause of hypoparathyroidism due to activating CASR mutations and is the mirror image of familial
hypocalciuric hypercalcaemia.

e In patients with ADH1, symptoms of hypocalcaemia may be mild or absent. Basal ganglia calcification may be
present in over a third of patients.

e CASR mutation analysis is required for diagnostic confirmation and to facilitate proper management, screening
and genetic counselling of affected family members.

e Treatment with calcium and activated vitamin D analogues should be reserved for symptomatic individuals due to
the risk of exacerbating hypercalciuria and its associated complications.

Background

ADHI is a rare disorder arising from activating mutations
of the calcium-sensing receptor gene (CASR). It is the
mirror image of familial hypocalciuric hypercalcaemia
and is characterised by hypocalcaemia with low or
inappropriately normal PTH. To date, more than 70
mutations have been reported in association with ADH1

(1). Treatment with activated vitamin D analogues and
calcium should be reserved for symptomatic patients,
due to the risk of hypercalciuria and severe complications
such as nephrocalcinosis, nephrolithiasis and renal
impairment. We describe an Australian family with a
novel heterozygous missense mutation causing ADH1.
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Case presentation

A 40-year-old Caucasian woman presented with muscle
spasms affecting the hands, feet, abdomen and chest. She
had been diagnosed with hypocalcaemia at age 23 years
during her second pregnancy. At that time, she was
noted to have basal ganglia calcification on CT imaging
performed for investigation of Bell’s palsy. She had a
history of childhood petit mal seizures. Her medications
included calcitriol 0.25pg daily, calcium 600mg daily
and cholecalciferol 1000 IU daily. Despite this, she had
symptomatic hypocalcaemia with an inappropriately
low-normal PTH: serum calcium 1.94 mmol/L (reference
range 2.15-2.55mmol/L), PTH 1.7pmol/L (reference
range 1.6-6.9mmol/L). Serum magnesium, phosphate
and creatinine levels were in the normal range. A 24-h
urine calcium while on treatment was 7.2mmol/day
(reference range 2.5-7.5mmol/day).

There was a family history of hypocalcaemia also
in her brother, nephew and father (Fig. 1). Her 43-year-
old brother had a history of recurrent muscle spasms
since youth. After being diagnosed with type 1 diabetes
mellitus at age 28 years, he decided to undergo a whole-
body CT scan (as part of a general health check), which
showed basal ganglia calcification. Serum calcium was
low (1.93mmol/L), as was PTH (0.7pmol/L). He was
subsequently treated with oral calcium, calcitriol 0.5nug
bd and magnesium. In 2007, when his 3-year-old son
required a blood test for an unrelated, acute febrile
illness, his father requested serum calcium be measured.
The serum calcium was 1.82mmol/L, PTH 1.0pmol/L,
phosphate 2.25 mmol/L (reference range 0.80-1.50), with
normal serum creatinine and magnesium. A spot urine
calcium to creatinine ratio was 0.26 (reference range
0.05-1.1). There was no calcification seen on a brain CT
at age 4 years. During childhood, he developed muscle
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cramps at night after prolonged activity and episodes
of jaw tetany. He also had a history of attention deficit
hyperactivity disorder and obsessive compulsive disorder.
There was no history of seizure disorder. He was treated
with calcitriol 0.75pg bd and calcium 600mg daily, with
symptomatic relief and maintenance of serum calcium
between 1.8-1.9mmol/L. Serial renal tract ultrasounds
have not demonstrated nephrolithiasis.

The index patient’s 65-year-old father had
asymptomatic hypocalcaemia discovered incidentally
after he presented with an electrocution injury many
years ago. He had no symptoms of hypocalcaemia.
He had a history of type 2 diabetes mellitus, chronic
obstructive pulmonary disease, vitamin B12 deficiency
and gastroesophageal reflux disease. His serum calcium
was 1.92mmol/L, PTH 2.7 pmol/L and 24-h urine calcium
1.9mmol/day. A brain MRI showed bilateral basal ganglia
and cerebellar dentate nuclei calcification. He was not
treated with any calcium or calcitriol.

Investigation
The index patient underwent genetic testing.
Chromosomal analysis with fluorescence in situ

hybridisation was arranged primarily to exclude 22q11.2
deletion syndrome (DiGeorge syndrome) and was normal.
Sanger sequencing revealed a heterozygous CASR missense
variant (c.2269G>A, p.Glu757Lys). The affected family
members (father, II-1; brother, III-2; nephew, IV-1 — see
Fig. 1) were subsequently referred for CASR mutation
analysis and each found to harbour the same CASR variant
(c.2269G>A, p.Glu757Lys) (Table 1). This variant has not
yet been reported to be associated with ADH1 and has
not been identified in normal population cohorts. Its
pathogenicity is supported by segregation with phenotype
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Figure 1

Family pedigree. The arrow indicates the
proband. Filled symbols, individuals with
hypocalcaemia; dotted symbols, status unknown;
slash, deceased; E, CASR gene mutation analysis.
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Table 1 Characteristics of affected individuals.
Serum calcium
Family Pedigree Age, (corrected), Basal ganglia CASR gene
member  number?2 Sex  years mmol/Lb PTH, pmol/Lc  Treatment calcification Clinical features analysis
Proband IlI-1 F 40 1.93 1.7 Calcitriol,  Yes Muscle spasms Heterozygous
calcium Childhood petit €.2269G>A
mal seizures
Father -1 M 65 1.92 2.7 None Yes Asymptomatic Heterozygous
c.2269G>A
Brother  lII-2 M 43 1.93 0.7 Calcitriol,  Yes Muscle spasms Heterozygous
calcium €.2269G>A
Nephew V-1 M 13 1.78 1.0 Calcitriol, No Muscle spasms Heterozygous
calcium Fatigue €.2269G>A

aPedigree number as appears on family pedigree in Table 1. bPSerum calcium reference range, 2.15-2.55mmol/L. <PTH reference range 1.6-6.9 mmol/L.

in our kindred, its absence from population cohorts and in
silico prediction tools (Polyphen-2, MutationTaster) (2, 3).

Outcome and follow-up

To date, there have been no adverse effects of treatment,
such as nephrolithiasis, nephrocalcinosis or renal
impairment in affected treated with
calcium and calcitriol. They are monitored with annual
biochemistry (serum calcium, phosphate, creatinine),
annual 24-h urine calcium measurement and second
yearly renal tract ultrasound.

All affected individuals received genetic counselling.
Laboratory and genetic testing was offered to the index
patient’s asymptomatic sister, who has declined. Our
index patient’s four offspring and her brother’s unaffected
offspring are currently asymptomatic (see Fig. 1). Serum
calcium will be measured opportunistically whenever
they should require laboratory testing for other reasons.

individuals

Discussion

We describe three generations of a family with ADH1
due to a novel heterozygous CASR missense mutation
(c.2269G>A, p.Glu757Lys). ADH1 is a rare disorder
arising from activating CASR mutations, characterised
by hypocalcaemia and hypoparathyroidism due to a left-
shift in the set point for extracellular calcium (4). Most
reported mutations causing ADHI1 are heterozygous
missense mutations (www.casrdb.mcgill.ca) (1). Relative
hypercalciuria may occur due to reduced PTH and lower
renal calcium reabsorption, as well as increased activation
of the mutated CASR in the distal renal tubule (5). The
clinical presentation tends to be variable, ranging from
asymptomatic hypocalcaemia to mild neuromuscular
symptoms, and in severe cases, may manifest as seizures

(6). Basal ganglia calcification is seen commonly in ADH1.
In one series, 36% of patients were observed to have basal
ganglia calcification, with the youngest patient being
5 years of age (7). In our cohort, several kindred had basal
ganglia calcification seen at diagnosis, consistent with
this being a complication of the disease rather than its
treatment.

Accurate diagnosis of ADH1 with confirmatory
genetic testing is important to allow for appropriate
screening and genetic counselling of family members
and to avoid unnecessary treatment. Treatment of
asymptomatic individuals should be avoided due to the
risk of exacerbating hypercalciuria and its associated
complications (nephrocalcinosis, nephrolithiasis
renal impairment). In symptomatic individuals, the aim
of therapy should be to achieve symptom relief using the
lowest possible dose of calcium and activated vitamin D
analogues rather than aiming to achieve normocalcaemia.
Thiazide diuretics may be used alongside calcitriol to
reduce renal calcium excretion.

This case reports a novel CASR mutation causing
ADH]1. In patients presenting with hypoparathyroidism,
a positive family history of hypocalcaemia should
prompt clinicians to consider rarer familial causes, as
these diagnoses will have important implications on
management, screening and genetic counselling of
affected individuals.
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