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EMBRYOLOGYANDANATOMY

The parathyroid glands develop at 6 weeks of fetal
life and migrate caudally at 8 weeks. The paired
superior parathyroid glands derive, along with
the thyroid gland, from the dorsal portions of the
fourth branchial pouch. The superior parathyroid
glands tend to be consistent in position, posterior
and lateral to the upper pole of the thyroid, at the
level of the cricoid cartilage, along the inferior thy-
roid artery and recurrent laryngeal nerve. The infe-
rior parathyroid glands, along with the thymus,
develop from the third branchial pouch and mi-
grate caudally to rest inferior to the relatively less
mobile superior parathyroid glands. Occasionally
the inferior parathyroid glands migrate to the level
of the aortic arch, or in rare circumstances, fail to
migrate and remain in the high neck.1–4

The parathyroid glands are usually located
between the posterior border of the thyroid gland
and its fibrous capsule, although they can be intra-
thyroidal also. A normal parathyroid gland has
dimensions of 5 � 3 � 1 mm and weight of 30 to
40 mg. Although most patients have four parathy-
roid glands, approximately 5% have fewer, and
3% to 13% have supernumerary glands.3,5,6

PATHOLOGY
Hyperparathyroidism

Hyperparathyroidism can be primary, secondary,
or tertiary. Primary hyperparathyroidism, defined
as an independent focus of parathyroid hormone
overproduction, has an estimated prevalence of

1:7000 in the United States. Women are affected
approximately twice to three times as often as
men. Diagnosis is based on elevated calcium
and parathyroid hormone levels and clinical symp-
toms consist of renal calculi, gastric ulcers, bone
cysts, and mental depression. In the vast majority
of patients (approximately 85%), a single parathy-
roid adenoma is the cause of disease (Fig. 1); the
remaining causes include diffuse hyperplasia
(10%), multiple adenomas (4%), or rarely parathy-
roid carcinoma or cysts.7–9

Secondary hyperparathyroidism occurs be-
cause of hyperplasia of the parathyroid glands
following long-term hyperstimulation and parathy-
roid hormone release. In contrast to primary hyper-
parathyroidism, elevated parathyroid hormone
levels do not result in hypercalcemia. Classically
this has been ascribed to most patients who
have secondary hyperparathyroidism suffering
from chronic renal failure and therefore having an
underlying hypocalcemic state, although this has
not been fully elucidated. Rarer causes of seco-
ndary hyperparathyroidism include diminished
calcitriol levels, resistance to parathyroid hormone
by skeletal tissue, rickets, and malabsorption
syndromes.10,11

Following long-term hyperstimulation, the
parathyroid glands start to function autono-
mously and produce high levels of parathyroid
hormone, despite correction of underlying
chronic hypocalcemia. Tertiary hyperparathyroid-
ism refers to the subsequent hypercalcemia pro-
duced by this autonomous parathyroid
function.10,11
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Multiple Endocrine Neoplasia

Multiple endocrine neoplasia (MEN) is a hereditary
syndrome characterized by abnormal function of
two or more endocrine organs. MEN1 is character-
ized by primary hyperparathyroidism, pancreatic
endocrine tumors, and anterior pituitary gland
neoplasms, whereas MEN2A is characterized by
pheochromocytomas, medullary thyroid carci-
noma, and hyperparathyroidism. In both cases
the hyperparathyroidism is multiglandular; how-
ever, in MEN1 it is characterized by an asynchro-
nous and steadily progressive course, whereas in
MEN2A it has a later onset and less severe effects
at clinical evaluation, with lower morbidity.3,12–15

Parathyroid Cysts

There are two types of parathyroid cysts. The first
is a purely cystic parathyroid lesion, attributable to
embryologic remnants of the third or fourth bran-
chial pouches or enlargement of microcysts within
the parathyroid because of colloid retention
(Fig. 2). The second type refers to cystic necrosis
or degeneration of parathyroid adenomas. Both
entities can cause hypercalcemia because of

high parathyroid hormone level in the cyst
fluid.3,6,16

Parathyroid Carcinoma

Carcinoma occurs in 0.5% to 1.0% of patients
who have primary hyperparathyroidism. It is usu-
ally indistinguishable from benign adenoma on
clinical evaluation and imaging (Fig. 3). It can be
suggested by a palpable neck mass on examina-
tion or demonstration of invasion of adjacent
structures on imaging, however. Classically, para-
thyroid carcinomas are said to be slow growing
with distant metastasis occurring late in the course
of the disease.6,16

Parathyromatosis

Parathyromatosis is a rare condition characterized
by findings of multiple rests of hyperfunctioning
parathyroid tissue in the neck and mediastinum
with resultant persistent or recurrent hyperpara-
thyroidism (Fig. 4). It has been associated with
MEN1, spillage of hypercellular parathyroid tissue
during surgical exploration of the neck, or hyper-
functioning parathyroid rests left behind during on-
togenesis.17,18 Importantly, ultrasound-guided fine

Fig.1. Parathyroid adenoma. (A) Unenhanced CT shows an oval mass (*) uniformly isodense to vessels that might
be confused with the internal jugular vein, except that the vein is visible laterally (arrow). (B) Early three-
dimensional sestamibi image in frontal projection shows uptake in the mass (*) and physiologic uptake in the
salivary glands (arrowheads) and thyroid gland (arrow). (C) Late sestamibi image shows retention of radiotracer
in the adenoma (*), with washout (absence) of radiotracer in the thyroid gland. The salivary glands normally re-
tain radiotracer on late images. (D) Sonographic image in transverse plane shows the adenoma (*) with uniform
intermediate echogenicity, situated between the right thyroid lobe (arrow) and the carotid artery (arrrowhead).
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