
Case report

Primary hyperparathyroidism (PHPT) is a hypercalcemia disorder with inappro
priately normal or increased serum parathyroid hormone (PTH) levels resulting 
from excessive secretion of PTH from one or more of the parathyroid glands. PHPT 
is uncommon in infants and children, with an estimated incidence of 2–5 cases per 
100,000 persons. Patients with PHPT usually present with bone pain, urolithiasis, 
or nephrolithiasis, as well as nonspecific symptoms such as fatigue and weakness. 
Asymptomatic hypercalcemia may also be detected incidentally. Only a few cases 
of pediatric PHPT have been reported in Korea. We present three patients (a 9year
old girl, a 14yearold boy, and a 14yearold girl) with PHPT who manifested 
variable clinical features of hypercalcemia. The first and second patients each had 
a parathyroid adenoma and presented with abdominal pain caused by pancreatitis 
and a ureter stone, respectively. The third patient had an ectopic mediastinal 
parathyroid adenoma and presented with gait disturbance and weakness of the 
lower extremities. All of the patients underwent surgical resection of parathyroid 
adenoma, and their serum calcium levels subsequently normalized without 
medication.
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Highlights

· Primary hyperparathyroidism is a very rare in children. We experienced 3 patients with 
hypercalcemia caused by parathyroid adenoma.  The calcium levels were decreased to 
normal after surgical resection.

Introduction

Parathyroid hormone (PTH) consists of 84 amino acids and is synthesized and released 
by the chief cells of the parathyroid glands. It plays an important role in regulating calcium 
levels and bone homeostasis.1) PTH secretion is regulated by extracellular ionized calcium 
concentration. In other words, PTH secretion is stimulated by hypocalcemia and suppressed 
by increased ionized calcium through interaction with calcium-sensing receptors. Thus, 
PTH increases serum calcium level by raising calcium reabsorption in the renal proximal 
tubules and increasing calcium resorption from bone.1) PTH stimulates the conversion of 
25-hydroxyvitamin D3 (25(OH)D3) to 1,25-dihydroxyvitamin D3 (1,25(OH)2D3) in the 
kidney, which in turn augments intestinal calcium absorption. In addition, PTH increases 
urinary phosphate excretion by stimulating fibroblast growth factor 23 release from mature 
osteoblasts and osteocytes.2)

Primary hyperparathyroidism (PHPT) is defined as hypercalcemia with inappropriately 
normal or increased serum PTH levels resulting from excessive secretion of PTH from the 
parathyroid glands. The annual incidence of PHPT is estimated to be 3/10,000 in adults 
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between the ages of 50 and 60 years, and it is 2 to 3 times more 
prevalent among women than men.3) In contrast, PHPT is 
relatively uncommon in pediatric patients, with an estimated 
incidence of 2–5 cases per 100,000 persons, regardless of sex. 
A single benign parathyroid adenoma is the most common 
cause of PHPT in the general population, including children 
and adolescents.4) PHPT is often associated with rare genetic 
disorders such as multiple endocrine neoplasia (MEN) 1 and 
2A and familial hypocalciuric hypercalcemia.5)

PHPT may be detected incidentally as asymptomatic 
hypercalcemia during routine laboratory testing; however, 
children have a tendency to present with hypercalcemic 
symptoms, such as bone pain, urolithiasis, nephrolithiasis, or 
nonspecific symptoms like fatigue and muscle weakness.5) 
Depression, anxiety, and dif f iculty with memor y and 
concentration are frequently observed in patients with 
PHPT. Nevertheless, the pathogenesis of these symptoms in 
hyperparathyroidism remains unclear.

Measuring serum calcium and PTH is helpful for diagnosing 
PHPT. Tests to localize parathyroid adenomas include 
ultrasonography (US), computed tomography (CT), magnetic 
resonance imaging (MRI), and Tc-99m sestamibi parathyroid 
scans. Familial hypocalciuric hypercalcemia should be 
differentiated from parathyroid adenoma because the former 
generally requires no specific treatment. In patients with PHPT, 
focused parathyroidectomy to remove parathyroid adenomas is 
the treatment of choice and normalizes serum calcium levels.

Only a few cases of  pediatric PHPT have been repor-
te d in  Kore a, and t hes e  p at ients  under went  fo c us e d 
parathyroidectomy.6) We recently encountered 3 pediatric 
patients with PHPT caused by a single parathyroid adenoma 
with diverse clinical presentations.

Case reports

1. Case 1

A 9-year-old girl presented with recurrent abdominal pain, 
vomiting, and nausea. She was born at 40 weeks of gestation by 

normal spontaneous vaginal delivery with a birth weight of 2.9 
kg. From the age of 7 years, she had suffered from periumbilical 
pain, generalized weakness, and recurrent vomiting. After the 
age of 9 years, her symptoms occurred more frequently, and 
she was referred to our institution. The patient's height was 
129 cm (Korean standard deviation score [SDS] of -0.67), 
and weight was 22.3 kg (-1.88 SDS). Her vital signs were as 
follows: blood pressure, 123/74 mmHg; pulse rate, 112 bpm; 
and respiratory rate, 22 times/min. Electrocardiogram (EKG) 
demonstrated normal sinus rhythm. Biochemical findings 
showed an increased serum calcium level of 14.6 mg/dL (normal 
range, 8.6–10.2 mg/dL) and serum ionized calcium level of 7.2 
mg/dL (normal range, 3.9–4.5 mg/dL), as well as a low serum 
phosphorus level of 1.9 mg/dL (normal range, 2.5–4.5 mg/dL). 
Serum intact PTH level was 514 pg/mL (normal range, 10–65 
pg/mL), serum 25(OH)D3 level was 8.9 ng/mL (normal range, 
30–100 ng/mL), and alkaline phosphatase (ALP) level was 
220 IU/L (normal range, 81–316 IU/L). Spot urine calcium/
creatinine ratio was increased to 2,244 mg/g (normal range, 
16.5–144 mg/g). Her serum amylase and lipase levels were 919 
U/L (normal range, 30–110 U/L) and 1,650 U/L (normal range, 

Fig. 1. Abdominal computerized tomography of subject 1. Mild pancreatic 
swelling (arrow) and subtle decrease in pancreatic tail density indicates interstitial 
edematous pancreatitis.

(A) (B)

Fig. 2. Parathyroid ultrasonography (US) of subjects 1 and 2. (A) Parathyroid US of subject 1 revealed a well-defined 1.25×0.81×2.20-cm-sized hypoechoic mass in the 
lower pole in the posterior aspect of the left thyroid gland. (B) Parathyroid US of subject 2 showed a 1.5×0.5×1.6-cm-sized nodule with increased vascularity in the upper 
pole in the posterior aspect of the right thyroid gland, suggesting parathyroid adenoma.
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13–60 U/L), respectively. Abdominal CT revealed pancreatic 
swelling and decreased density of the pancreatic tail, indicating 
interstitial edematous pancreatitis (Fig. 1). Serum amylase 
and lipase levels decreased gradually after intravenous (IV) 
hydration and fasting for treatment of pancreatitis. However, 
hypercalcemia was not improved by hydration, furosemide, 
IV hydrocortisone, or IV pamidronate. On the fifth day of 
hospitalization, she underwent hemodialysis for 2 days, which 
reduced the serum calcium level to 9.6 mg/dL, but it increased 
again 2 days later. She had no family history of MEN. Molecular 
analysis of the CASR and MEN1 genes did not identify any 
mutation. A Tc-99m sestamibi parathyroid scan did not identify 
any parathyroid abnormalities; however, parathyroid US 
revealed a 1.3×0.8×2.2-cm-sized, well-defined hypoechoic mass 
at the posterior of the left thyroid gland in the mid to lower pole, 
suggesting a parathyroid adenoma (Fig. 2A). She subsequently 
underwent surgical excision of parathyroid adenoma. A few 
hours after surgery, she experienced hypocalcemic tetany 
with a serum calcium level of 6.7 mg/dL and was treated with 
oral calcium carbonate (elemental calcium 75 mg/kg/day) 
and cholecalciferol (1,200 IU/day). Following treatment with 
medication for one month, serum calcium level was maintained 
between 9 and 10 mg/dL without any medication. She showed a 
normal growth rate of 6.4 cm/yr, and reached final adult height 
of 154 cm (10th–25th percentile; midparental height, 155 cm).

2. Case 2

A 14-year-old girl presented with sudden left flank pain. She 
was born at term by cesarean section with birth weight of 2.6 kg. 

The patient's height and weight were 160 cm (0.14 SDS), and 60 
kg (0.96 SDS), respectively. Her vital signs were as follows: blood 
pressure, 120/75 mmHg; pulse rate, 109 bpm; and respiratory 
rate, 20 times/min. EKG result was normal sinus rhythm. Initial 
serum calcium, phosphorus, and ionized calcium levels were 
12.1 mg/dL, 3.4 mg/dL, and 6.38 mg/dL, respectively. Urine 
calcium/creatinine ratio was 103 mg/g. Serum intact PTH level 
was elevated to 144 pg/mL, serum 25(OH)D3 level was 8.2 ng/
mL, and ALP level was 405 IU/L. She had no specific family 
history of MEN. There were no rare sequence variants in the 
CASR gene. Abdomino-pelvic CT revealed a 6.3×5.6-mm-sized 
stone in the left ureter with obstructive nephropathy. A Tc-
99m sestamibi parathyroid scan detected a parathyroid mass at 
the upper pole in the posterior aspect of the right thyroid lobe. 
Parathyroid US also revealed a 1.5×0.5×1.6-cm-sized nodule 
with increased vascularity in the upper pole in the posterior 
aspect of the right thyroid gland (Fig. 2B). Extracorporeal 
shock-wave lithotripsy was performed for the left ureter stone. 
The patient underwent surgical excision of the parathyroid 
mass, and the pathological findings demonstrated parathyroid 
adenoma. Three days after surgery, calcium carbonate (elemental 
calcium 10 mg/kg/day) and calcitriol (0.75 μg/day) were given 
for transient hypocalcemia; however, the patient's serum 
calcium level returned to normal 7 days after surgery without 
further medication.

3. Case 3

A 14-year-old boy manifested difficulty walking for 2 years, 
which progressed to weakness in the lower extremities. The 

Fig. 3. Parathyroid positron emission tomography-computed tomography (PET/CT) of subject 3. In the 10-minute 
and 2-hour regional images and PET/CT images, there is a mass showing local uptake on the right side of the anterior 
mediastinum.
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patient's height and weight were 174.4 cm (1.41 SDS) and 59.2 
kg (0.27 SDS), respectively. His vital signs were as follows: blood 
pressure, 110/70 mmHg; pulse rate, 94 bpm; and respiratory 
rate, 20 times/min. EKG demonstrated normal sinus rhythm. 
Initial serum calcium, phosphorus, and ALP levels were 11.2 
mg/dL, 3.1 mg/dL, and 1,886 IU/L, respectively. Serum intact 
PTH level was 2984 pg/mL. Serum 25(OH)D3 and 1,25(OH)2D3 
levels were 4.6 ng/mL and 69.8 pg/mL (normal range, 15–90 
pg/mL), respectively. He had no specific family history of 
MEN. Contrast-enhanced CT and parathyroid Tc-99m 
sestamibi positron emission tomography (PET)-CT showed 
a 2.6×3.1-cm-sized homogeneously enhancing mass in the 
anterior mediastinum, abutting the ascending aorta (Figs. 3, 4). 
Bone mineral density z-scores of the L-spine and the femur neck 
were -0.69 (0.661 g/cm2) and -1.94 (0.452 g/cm2), respectively, 
according to age- and sex-matched Korean references.7)

MRI of the pelvis to evaluate lower extremity weakness 
demonstrated a wide sacroiliac joint space and posterior and 
inferior displacement of the proximal femoral epiphysis with 
irregular metaphysis and joint erosion, indicating a bilateral 
slipped capital femoral epiphysis (SCFE). The patient underwent 
excision of the ectopic parathyroid adenoma, and calcium 
carbonate (elemental calcium 40 mg/kg/day) and alfacalcidiol (2 
μg/day) were given for one month after surgery. However, intact 
PTH level was 310 pg/mL with low calcium (7.7 mg/dL) and 
25(OH)D3 (6.6 ng/mL), and normal ALP (203 IU/L). Biannual 
blood tests and parathyroid PET-CT were scheduled to monitor 
intact PTH and calcium levels.

Discussion

This study describes 3 pediatric patients with PHPT who 
presented with hypercalcemia. A single parathyroid adenoma 
was found in 2 patients, while the other had an ectopic 
mediastinal parathyroid adenoma, which is rare and found 
in only 10% of pediatric PHPT cases. Surgical excision of 
parathyroid adenoma was performed in all patients, and their 
serum calcium levels were subsequently restored to the normal 
range without medication.

For localization of parathyroid adenomas, noninvasive 
imaging tools such as US, CT, MRI, and Tc-99m sestamibi 
parathyroid scans are generally used. One meta-analysis 
reported that the sensitivity of high-resolution US was 78% 
in comparison to 88% for dual-phase Tc-99m sestamibi 
scintigraphy.8) However, Tc-99m sestamibi parathyroid imaging 
has a limited capacity to detect small parathyroid adenomas or 
multiglandular lesions, especially in the case of preoperative 
normocalcemia.9) Accordingly, a combination of different 
imaging modalities is required. Combined US and Tc-99m 
sestamibi scintigraphy have shown high sensitivity of up to 
94.5% for preoperative localization of parathyroid adenomas.10)

PHPT is usually symptomatic in young patients, except for 
a few young children in whom asymptomatic hypercalcemia 
is detected incidentally. Nephrolithiasis, nephrocalcinosis, and 
bone pain are the most common clinical features in pediatric 
patients with PHPT. Pediatric patients have a tendency to 
present with hypercalcemic symptoms compared to adults.11) 
There is a hypothesis that this may be caused by delayed 
diagnosis. Unlike most adults who have hyperparathyroidism 
on routine blood screening, children rarely undergo blood 
screening, so it is possible that late detection may affect symp-
toms.12) In addition, the clinical symptoms of children are 
different from those of adults. For example, bone pain and 
rickets are common in children and adolescents, while renal 
stones are generally found in adults.13)

The prevalence of acute pancreatitis in PHPT is between 1.5% 
and 13%.14) The association between PHPT and pancreatitis 
remain unclear. Notwithstanding, a previous report suggested 
that the frequency of pancreatitis among patients with PHPT 
was about 30-fold higher than among the general population.15) 
Symptoms of pancreatitis improve after surgical treatment in 
most patients with PHPT. Recently, some experimental evidence 
suggested that hypercalcemia may cause intrapancreatic 
trypsin activation and pancreatic damage, which can lead to 
pancreatitis.16)

SCFE is associated with PHPT, although the frequency is low. 
PHPT is an unusual cause of SCFE, with only 11 cases having 
been reported.17) PTH receptors are present in the hypertrophic 
cartilage zone of the epiphyseal plate. This is the same zone 
where SCFE occurs. It is possible that the action of PTH on 
growth plate chondrocytes results in the aberrant cartilage 
mineralization through its mediators and metalloproteinases, 
which can extend the duration required for fusion of the 
epiphyseal plate.18) Prolonged elevation of PTH levels result in 

Fig. 4. Contrast-enhanced computed tomography of the chest of subject 3 
showing a 2.6×3.1-cm-sized, homogeneously enhancing mass in the anterior 
mediastinum (arrow), abutting to the ascending aorta, suggesting parathyroid 
adenoma.
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bone catabolism by elevation of receptor activator of nuclear 
factor kappa beta (RANKL) and reduction of osteoprotegrin 
(OPG) levels. Children have higher concentrations of bone 
biomarkers and faster bone turnover than adults.19) Thus, the 
bone remodeling cycle, which protects the integrity of bone 
from micro-damage during daily life, is shorter.20)

In conclusion, this study described 3 pediatric patients with 
PHPT, which is relatively rare in children and adolescents. 
Although the clinical features of hypercalcemia are nonspecific 
and diverse, PTHP should be considered in patients with 
gastrointestinal symptoms, flank pain, limping, and hip pain. 
Clinicians should be aware of the various clinical presentations 
of hypercalcemia in children, as prompt diagnosis is essential to 
preventing complications of hypercalcemia.
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