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Summary 

Neonatal primary hyperparathyroidism is a life threaten- 
ing disorder that is associated with severe hypercalcae- 
mia, hypotonia, bone demineraliration, fractures and 
respiratory distress. Treatment consists of total para- 
thyroidectomy and without this affected infants will usually 
die by the age of three months. We report a patient with 
neonatal primary hyperparathyroidism who survived with- 
out fractures or parathyroidectomy to an age of nine 
months, and In whom the hypercalcaemia became 
masked by vitamin D deficiency. At surgery, four-gland 
hyperplasia was demonstrated and total parathyroid- 
ectomy followed by oral calcitriol treatment has restored 
well-being and normocalcaemia. An absence of skeletal 
complications, a survival beyond three months of age 
without parathyroidectomy and the masking of the hyper- 
calcaemia by vltamin D deficiency represents a unique 
combination of metabolic abnormalities in a patlent with 
neonatal primary hyperparathyroidism. 

Neonatal primary hyperparathyroidism is a rare disorder 
which is characterized by hypercalcaemia, muscular hypoto- 
nia, failure to thrive, poor feeding, constipation, irritability, 
bone demineralization, multiple fractures, and respiratory 
distress. The disease has been reported in 35 patients (Blair et 
al., 1991; Ross et al., 1986) and in the absence of treatment, 
the disorder has usually been fatal by the age of three 
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months. Total parathyroidectomy followed by autotrans- 
plantation of a parathyroid gland or by oral vitamin D 
supplementation in the form of calcidol or calcitriol has been 
successful in the treatment of 21 patients (Ross et a/. ,  1986; 
Fujimoto et al., 1990). We report novel findings in a patient 
with neonatal primary hyperparathyroidism in whom the 
hypercalcaemia was masked by vitamin D deficiency. 

Case history 

An 8-month-old boy, who was the first child of non- 
consanguineous Italian parents, was referred for investiga- 
tion orneonatal onset hypercalcaemia. He was born at full 
term after an uneventful pregnancy during which his 20-year- 
old mother had not taken any medications or vitamin D 
containing preparations. Delivery was normal and his birth 
weight was 3.5 kg (50th centile). During the first week of life 
he was lethargic and poor at feeding which resulted in 
dehydration and admission to hospital. Investigations 
revealed a chest infection and hypercalcaemia with a serum 
calcium of 6.53 mmol/l (corrected to an albumin of 39 g/l). 
Treatment with antibiotics, rehydration and hydrocortisone 
for one week restored normocalcaemia. However, at the age 
of 5 months, severe lethargy, dehydration and vomiting 
associated with recurrent hypercalcaemia (serum calcium 
5.10 mmol/l) necessitated hospital admission and peritoneal 
dialysis combined with salmon calcitonin (20 units S.C. five 
times daily) improved his condition and restored norniocal- 
caemia. 

Continued treatment with salmon calcitonin and a diet 
low in vitamin D, in which the mean daily vitamin D intake 
was estimated to be 0.2 pg (estimated daily requirement 
below age one year, 7 pg, Department of Health, 1991), 
maintained normocalcaemia and the patient was referred for 
further investigations at the age of 8.5 months. Examination 
revealed that his weight, which was 7.8 kg, had declined to 
the 8th centile. However, he was remarkably well and there 
were no dysmorphic features, developmental delay or abnor- 
mal heart sounds indicative of the Williams-Beuren syn- 
drome (Williams et al., 1961; Beuren et al., 1964). In 
addition, he had not suffered from fractures, and clinical and 
radiological examination of the skeleton revealed no abnor- 
malities with a total bone mineral density of 0.576 g/cm2 and 
a bone mineral content of 153 g of calcium. Further 
investigations revealed a normal serum biochemical profile 
(urea, creatinine, electrolytes, liver function tests, total 
protein, albumin, phosphate and thyroid function tests), 
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Fig. 1 Circulating calcium concentrations in the patient following 
admission at the age of 8.5 months. The periods of treatment ., 
with calcitonin 100 units daily, m, vitamin D 400 units/day and 
parathyroidectomy (arrow) are shown. Following total 
parathyroidectomy, treatment with la-hydroxycholecalciferol and 
later with calcitriol was required to restore normocalcaemia. 
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electrocardiogram, echocardiogram and chest radiograph. 
The serum calcium was normal at 2.33 mmol/l but the 
circulating immunoreactive parathyroid hormone concen- 
tration was elevated a t  78 pmol/l (normal 1.1-6.8 pmol/l). In 
addition, the calcium :creatinine clearance ratio was mark- 
edly low at  0.005 and in keeping with either vitamin D 
deficiency or familial hypocalciuric hypercalcaemia (FHH). 
However, both parents were found to  be normocalcaemic 
thereby indicating that the family did not suffer from F H H  
(Marx et al., 1981). Treatment with calcitonin was stopped 
and marked hypercalcaemia was not observed over the next 
week (Fig. 1). However, variable hypercalcaemia was 
observed in the second and third week and hypocalcaemia 
occurred in the fourth week. The circulating concentration of 
PTH remained elevated (40-90 pmol/l) and the aetiology of 
the abnormal calcium homeostasis was investigated further. 

The serum magnesium concentration was found to be 0.89 
mmol/l (normal range 0.75-1.05) thereby excluding hypo- 
magnesaemia. However, the circulating concentration of 25- 
hydroxyvitamin D was found to  be low at  < 2 pg/l (normal 
range 7-50 pg/l) thereby indicating that the hypercalcaemia 
of primary hyperparathyroidism was being masked by 
vitamin D deficiency. In order to confirm this, replacement 
with 400 units (10 p g )  of vitamin Dj (0.6 ml Dalivit solution) 
daily was commenced and this restored normocalcaemia 
within 4 days. Hypercalcaemia (calcium 3.12 mmol/l) in 
association with elevated serum PTH concentrations (55-90 
pmol/l) ensued in keeping with a diagnosis of primary 
hyperparathyroidism and persisted after stopping the vita- 
min D treatment. In addition, the circulating concentrations 
of 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D were 
8 pg/l and 66.1 ng/l respectively after vitamin D replacement; 

the normal adult range for serum 1,25-dihydroxyvitamin D 
concentrations for the assay used is 16-42 ng/l (Fraher et al., 
1982) but a reference range for infants and children has not 
been established. However, these serum concentrations of 
the vitamin D metabolites observed in our patient are in 
keeping with the acute phase of calciferol replacement 
observed in patients with vitamin D deficiency (Stanbury, 
1981) and would exclude vitamin D intoxication. Thus, a 
diagnosis of primary hyperparathyroidism masked by vita- 
min D deficiency was indicated and parathyroidectomy was 
undertaken. At surgery, all four glands were found to be 
enlarged and weighed between 21 and 72 mg with the total 
weight being 193 mg (normal total weight including sur- 
rounding parenchyma established in a post-mortem study in 
five boys was 43 mg (Gilmour & Martin, 1937)). Histology 
revealed hyperplasia of all four parathyroids and total 
parathyroidectomy with cryopreservation of one half gland 
was performed. Post-operatively the patient became hypo- 
calcaemic (calcium 1.45-2.10 mmol/l) with undetectable 
serum PTH concentrations, and treatment initially with la- 
hydroxycholecalciferol 3.2 pg daily and calcium glubionate 
32 mmol daily was required. Normocalcaemia was restored 2 
weeks post-operatively, and 6 months later he remains well 
with normal serum calcium concentrations being maintained 
with 0.5 fig calcitriol daily. 

Discussion 

Hypercalcaemia occurring in the neonate or infant may be 
due to primary hyperparathyroidism (Ross et al., 1986), the 
Williams-Beuren syndrome (Black & Bonham-Carter, 19631, 
benign infantile hypercalcaemia (Martin et al., 1984), fami- 
lial hypocalciuric hypercalcaemia (FHH) (Law et al., 1984; 
McMurtry et al., 1992) or maternal hypocalcaemia asso- 
ciated with hyperparathyroidism (Landing & Kamoshita, 
1970). Our investigations revealed that the abnormalities in 
calcium homeostasis in this patient were due to primary 
hyperparathyroidism which was complicated by vitamin D 
deficiency. Such a masking of hypercalcaemia in primary 
hyperparathyroidism by vitamin D deficiency has been 
observed previously in adults (Woodhouse et al., 1971; 
Taylor et al., 1983; Shimada et al., 1986) and our demonstrd- 
tion of this combination in the patient represents the first 
report of this mineral metabolic disorder in an infant. 
Vitamin D deficiency in our patient was the result of dietary 
restriction, and such treatment has been used previously in 
the treatment of idiopathic infantile hypercalcaemia (Martin 
et al., 1984). However, this restriction of dietary vitamin D 
and calcium was associated with rickets and asymptomatic 
episodes of hypocalcaemia in 9 and 21% of the children 
respectively and such treatment is therefore no longer 
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recommended (Martinet al., 1984). Thus early diagnosis and 
surgical treatment for neonatal primary hyperparathyroid- 
ism, which is usually fatal by the age of three months without 
parathyroidectomy because of multiple rib fractures and 
respiratory failure, is the management of choice in this life 
thrcatening disease. 

The absence in our patient of skeletal abnormalities, which 
would be expected from this combination of primary 
hyperparathyroidism and vitamin D deficiency, is of interest 
as it may reflect the observed association between neonatal 
primary hyperparathyroidism and F H H  (Marx et a/., 1982) 
which is a benign disorder that is not associated with skeletal 
abnormalities. Neonatal primary hyperparathyroidism has 
been reported to occur in six children from four kindreds 
with F H H  and in two of these kindreds, both parents of the 
affccted neonates were observed to suffer from F H H  (Marx 
cf al., 1982; 1985). It has therefore been postulated that the 
two syndromes share a common genetic cause (Marx et a/., 
1985), and that heterozygotes for the mutation manifest the 
milder disorder of F H H  and that homozygotes for the 
mutation manifest the more severe disorder of neonatal 
primary hyperparathyroidism. Recent studies have revealed 
that there are at least two F H H  loci, one located on 
chromosome 3q21-24 (Chou et al., 1992) and the other 
locatedon 193713.3 (Heathctal. ,  1993). It has been suggested 
that genes a t  these loci are likely to  encode calcium sensing 
rcceptors (Chou et al., 1992), and the occurrence of tissue 
spccific expression or mosaicism of these mutant genes may 
hclp to  explain the unusual combination of neonatal primary 
hyperparathyroidism without skeletal abnormalities in our 
patient. The cloning of these F H H  genes and mutational 
analysis of' the calcium sensing receptor genes (Brown et a/., 
1993; Garrett et al., 1993; Rask et al., 1993) will help to 
elucidate the aetiology of these abnormalities in our patient 
in whom neonatal primary hyperparathyroidism was 
masked b y  vitamin D deficiency. 
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