
Autosomal-dominant hypocalcemia with hyper-
calciuria (ADHH) is a genetic disease character-
ized by hypoparathyroidism, hypocalcemia, and 
varying degrees of hypocalcemia. Although con-
vulsions can occur with hypocalcemia, most pa-
tients are asymptomatic or show intermittent 
limb numbness, muscular contractions, and la-
ryngeal spasms [1]. Most patients with ADHH 
have a missense mutation in the calcium sensing 
receptor (CASR) gene [1]. CaSR is a 1078-resi-
due glycoprotein, encoded by six exons of CASR 
located on chromosome 3q13.3-21, and is pri-
marily expressed in the parathyroid gland and re-
nal tubules [2]. It plays a pivotal role in systemic 
calcium metabolism by regulating parathyroid 
hormone secretion and urinary calcium excre-
tion [3]. Dysfunctions in the CaSR manifest dif-
ferentially, depending on the locus of the muta-
tion, or mutations in other CASR-associated 
genes [3]. 

Here, we report a case of ADHH as confirmed 
by whole exome sequencing (WES). A 9-year-
old boy reported with frequent repetitive gener-
alized tonic-clonic seizures over a course of 2 
months. The seizures occurred spontaneously, 
lasting for 5 to 60 seconds, followed by urination 
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and decreased muscle tone. He was born via ce-
sarean section at 36 weeks gestation with a birth 
weight of 3.4 kg (94th percentile), and was sub-
sequently admitted to the neonatal intensive care 
unit with hypoxia. Following discharge, he sur-
vived normally without any abnormal neurologi-
cal symptoms. His mother had mild tingling sen-
sations in her limbs, but was never diagnosed 
with any neurological conditions. At the first 
hospital visit, his body weight, height, and head 
circumference were 43.2 kg (86th percentile), 
143.7 cm (82th percentile), and 56 cm (96th 
percentile), respectively. He had no physical de-
fects or deformities. His initial vital signs were 
within the normal ranges, and neurologic exam-
ination was unremarkable. Upon laboratory test-
ing, hypocalcemia (6.6 mg/dL; reference range, 
8.6 to 10.2) and hyperphosphatemia (8.8 mg/
dL; reference range, 2.0 to 5.5) with borderline 
hypercalciuria (urine calcium/creatinine ratio: 
0.198; reference range, 0 to 0.2) were found 
without evidence of severe vitamin D deficiency 
(25-hydroxy-vitamin D: 25.57 ng/mL; reference 
range, 30 to 100). The serum levels of parathy-
roid hormone (PTH-I) dropped to 13.91 pg/
mL (reference range, 15 to 65). Interictal electro-
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encephalography (EEG) showed semi-rhythmic high amplitude 3 
to 4 Hz delta frequency activity from the left fronto-temporal area 
following hyperventilation. Under the initial impression of hypo-
parathyroidism, oral calcium preparations (40 mg/kg/day as ele-
mental calcium) and alfacalcidol (12 ng/kg/day) were prescribed. 
His serum calcium levels recovered, and were within the normal 
range. A year later, the patient revisited the hospital because the fre-
quency of convulsions that had previously decreased with medica-
tion, had increased. His serum calcium levels dropped to 6.8 mg/

dL despite high-dose calcium treatment. Intravenous calcium glu-
conate and high-dose vitamin D were injected, but refractory hy-
pocalcemia with generalized seizures persisted. Brain computed 
tomography (CT) revealed multiple gross calcifications in the bi-
lateral cerebral white matter, basal ganglia, thalamus, and cerebel-
lum (Fig. 1A and B). A kidney stone was found on abdominopelvic 
CT scan (Fig. 1C). WES was performed for elucidating the exact 
cause of the symptoms, which revealed a likely pathogenic [4] het-
erozygous missense mutation in the CASR gene (c.721G > A [p.

BA C

Fig. 1. (A, B) Multiple calcifications (white areas) are observed in the basal ganglia and frontal white matter in the cross sectional view 
on brain computed tomography. (C) A small kidney stone is evident in the left kidney (arrow).

Fig. 2. The serial progress in the serum levels of calcium, phosphorus, and parathyroid hormone (PTH-I), and the doses of the medications. 
PO, per os.
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Glu241Lys]). Trio-WES was performed on the parents, and the 
same mutation was found in his mother. Blood tests were subse-
quently performed on his mother, and her serum levels of calcium 
and PTH-I were 6.6 mg/dL and 12.38 pg/mL, respectively, indi-
cating hypocalcemic hypoparathyroidism like the patient. The fre-
quency of hypocalcemic seizures gradually decreased following 
treatment with increasing doses of calcitriol and calcium carbonate 
and the addition of 0.5 mg/kg/day hydrochlorothiazide. After 5 
months, the patient was re-admitted with abrupt hypercalcemia. 
The levels of blood calcium and ionized calcium were 13.5 mg/dL 
and 1.68 mmol/L, respectively, despite steadily decreasing doses of 
oral calcium supplementation. After the doses of calcium and vita-
min D were further reduced, the blood calcium levels gradually re-
turned to the normal range. An EEG after 16 months revealed no 
epileptic discharges. Three years post diagnosis, the patient was 
still taking calcitriol (5 ng/kg/day) and calcium carbonate (8 mg/
kg/day as elemental calcium), and did not have tingling sensations 
or seizures. The serial progression in the serum levels of calcium, 
phosphorus, and PTH-I, and dose of the medications are schemat-
ically presented in Fig. 2.

The common clinical symptoms of patients with hypoparathy-
roidism range from asymptomatic to severe symptomatic hypocal-
cemia. However, in this case, the clinical manifestations of a mis-
sense mutation in the CASR gene (c.721G > A [p.Glu241Lys]) 
had more diverse effects on the serum calcium levels, ranging from 
refractory hypocalcemia to hypercalcemia during long-term fol-
low-up. Hyperparathyroidism or hypoparathyroidism may appear 
depending on the locus of the mutation. However, Hannan et al. 
[4] reported that both hypocalcemia and hypercalcemia can occur 
due to a p.Glu250Lys mutation in CASR. Similarly, the calcium 
levels in our patient remained normal for a while, for which the ad-
ministration of calcium was gradually reduced. However, the pa-
tient suddenly developed severe hypercalcemia. Notably, the p.
Glu241Lys mutation identified herein also caused severe hypercal-
cemia when the calcium replacement was tapered. During the 3 
years of follow-up, the p.Glu241Lys mutation in CASR responded 
poorly to calcium or vitamin D modulation therapy and showed 
periodic dysregulated pendular hypocalcemia and hypercalcemia. 

ADHH patients with hypocalcemic convulsions are commonly 
treated with parenteral calcium for increasing serum calcium, fol-
lowed by maintenance with oral calcium and vitamin D supple-
mentation. However, calcium treatments should be limited to hy-
pocalcemic or symptomatic conditions, as nephrocalcinosis may 
occur as a side effect. Thiazides can be used for reducing the 
amount of excreted urinary calcium. The serum and urine calcium 
concentrations should be checked every 3 to 6 months for re-de-
termining the appropriate dose of the drug [3]. In this case, severe 

hypocalcemia followed by hypercalcemia occurred within 5 
months, despite regular checkups for calcium concentration and 
treatment modulation. 

In conclusion, we report a case of a p.Glu241Lys mutation in 
CASR, as detected by WES, in which the serum calcium levels var-
ied periodically between severe hypocalcemia with refractory gen-
eralized seizures and unexpected hypercalcemia during long-term 
follow-up. This is the first report of a p.Glu241Lys mutation in 
CASR, with phenotypes of hypocalcemia and hypercalcemia, and 
insignificant responses to medical treatment. This mutation induc-
es sudden irregular changes in the calcium concentration, making 
treatment difficult and requiring frequent serum calcium tests and 
detailed drug concentrations for controlling treatment. 

This study was approved by the Institutional Review Board of 
CHA Bundang Medical Center (IRB No: 2018-06-008). Written 
informed consent was obtained from all patients. 
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