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KEY POINTS

Ultrasonography plays a crucial role in preoperative localization of abnormal parathyroid glands to
facilitate minimally invasive surgical techniques.

The accuracy of ultrasonography in characterizing parathyroid disease is augmented by correlation
with scintigraphy, although neither technique excels in multigland disease or after failed surgical
resection.

Cystic degeneration of parathyroid adenomas, parathyroid cysts, lipoadenomas, and parathyroid
carcinoma are uncommon entities but could be encountered on sonography.

Normal structures and other diseases may simulate parathyroid disease on sonography, including
thyroid nodules and septa, cervical lymph nodes, and blood vessels.

Fine-needle aspiration of parathyroid lesions for parathyroid hormone levels can be a useful adjunct
to identify abnormal glands. Cytologic analysis of parathyroid lesions cannot consistently differen-
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tiate them from thyroid tissue.

DISCUSSION OF PROBLEM/CLINICAL
PRESENTATION
Physiology

The parathyroid glands regulate calcium homeo-
stasis by secretion of parathyroid hormone (PTH)
from chief cells, which in turn increases renal re-
absorption of calcium, decreases renal phosphate
excretion, and stimulates osteoclasts. Hyperpara-
thyroidism is classically categorized into primary,
secondary, and tertiary subtypes. Although they
may be asymptomatic, patients with hyperpara-
thyroidism commonly present with symptoms of
hypercalcemia, namely urinary tract stones, hy-
pertension and abdominal and bone pain, as
well as psychiatric symptoms, most commonly
depression.

Primary Hyperparathyroidism

e Increased serum PTH and calcium levels

e Caused by parathyroid adenomas (90%),
double adenomas (5%), hyperplasia (5%),
and carcinomas (<1%)

e Treatment usually surgical excision
e Preoperative imaging commonly used

Primary hyperparathyroidism is caused by hyper-
functioning of the parathyroid glands themselves
and manifests biochemically with abnormally
increased serum levels of both PTH and calcium.
Causes include adenomas, hyperplasia, and carci-
noma of the parathyroid gland. This condition is
most commonly caused by a single adenoma
(approximately 90% of cases). Less commonly, it
may occur in the setting of multigland disease,
defined as either 2 adenomas (5%), or 4-gland
hyperplasia (5%)."? Parathyroid carcinoma ac-
counts for less than 1% of cases of primary hyper-
parathyroidism and tends to produce worse
laboratory abnormalities and more severe clinical
symptoms.? Patients with multiple endocrine
neoplasia (MEN) syndromes and other inherited
causes of hyperparathyroidism comprise a small
subset of primary hyperparathyroidism cases,
occurring more commonly with type | MEN than
in MEN [IA. Primary hyperparathyroidism is most
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often treated with surgical resection of the hyper-
secreting gland or glands.

Secondary Hyperparathyroidism

e Increased serum PTH and decreased serum
calcium levels

e Caused by glandular hyperplasia as a result of
end-stage renal disease (ESRD), vitamin D
deficiency

e Treatment usually medical

e Imaging use controversial

Secondary hyperparathyroidism is PTH overse-
cretion occurring in response to hypocalcemia,
most commonly caused by chronic renal insuffi-
ciency and vitamin D deficiency. This condition
typically manifests with multiglandular hyperplasia
and biochemically with high serum PTH and low
calcium levels. Medical management is the main-
stay of treatment of secondary hyperparathyroid-
ism, with only approximately 5% of ESRD
requiring surgery after failed pharmacologic ther-
apy.® Preoperative localization of parathyroid
glands using ultrasonography or scintigraphy can
be performed in select cases, such as with persis-
tent hyperparathyroidism after subtotal resection,
but its use before primary parathyroidectomy re-
mains controversial because of the high likelihood
of multigland disease and a wide range of accu-
racy in the literature.*®

Tertiary Hyperparathyroidism

e Increased serum PTH and calcium levels

e Caused by persistent glandular hyperplasia
after correction of causative disease

e Treatment commonly surgical

e Imaging use controversial

Tertiary hyperparathyroidism occurs when long-
standing secondary hyperparathyroidism results
in parathyroid hyperplasia that secretes PTH
autonomously regardless of serum calcium level,
usually in the setting of ESRD. This disorder re-
mains despite correction of the underlying cause,
classically seen as persistent hyperparathyroidism
after renal transplantation. Biochemically, these
patients have increased serum calcium and PTH
levels, frequently accompanied by hyperphospha-
temia. Total or subtotal parathyroidectomy is
usually the treatment of choice for tertiary hyper-
parathyroidism. Similar to secondary hyperpara-
thyroidism, preoperative imaging can be used in
some cases, but it is not commonly used, because
of the frequent need for bilateral neck exploration
and the varying reported sensitivity in this
setting.*®

Surgical approach

Depending on the subtype of hyperparathyroidism
that a patient has and the number of glands
affected, bilateral neck exploration (in patients
with multigland disease) or unilateral minimally
invasive surgery may be performed. Minimally
invasive parathyroidectomy with either radioguid-
ance or serum PTH monitoring has decreased
morbidity and shorter hospital stays than those
observed with more radical dissections of the
neck.>'® However, this approach relies on preop-
erative imaging, with precise localization of the
abnormal gland. In patients with secondary or ter-
tiary hyperparathyroidism, a subtotal parathyroid-
ectomy may be performed to avoid
hypoparathyroidism, in some cases with autolo-
gous transplantation of parathyroid tissue into
the patient’s forearm.

ANATOMY
e Normal parathyroid glands rarely seen by
imaging
e Most patients have 4 glands (2 superior, 2
inferior)

e Inferior glands less predictable in location
than superior glands and may be seen in the
cervical thymus (26%) or mediastinum (2%)

The normal parathyroid glands are small and are
rarely seen by imaging. The typical average size
of the individual glands is approximately 5 x 3 x
1 mm and 40 to 50 mg.'" Most patients have
4 glands (2 superior and 2 inferior), although
approximately 3% to 5% of patients have a
fifth gland.'> The presence of fewer than 4
glands is rare, documented in less than 3% of
patients.™

The superior parathyroid glands are closely
associated with the thyroid gland, with a fairly pre-
dictable location posterior to the midthyroid
(>90%). The superior glands may uncommonly
be found more inferior than the midthyroid gland
(4%), or above the superior margin of the thyroid
(83%). Even less commonly, the superior parathy-
roid glands may be seen in retropharyngeal
(1%), retroesophageal, or intrathyroidal locations
(Figs. 1 and 2).721°

The inferior glands are associated with the
thymus, with a more variable location spanning
from posterior to the midthyroid to the upper ante-
rior and middle mediastinum. The inferior parathy-
roids are most commonly seen inferior, posterior,
or lateral to the lower thyroid pole (69%). However,
they are often seen in the cervical portion of the
thymus (26%), mediastinum (2%), or rarely in the
carotid sheath (see Fig. 1; Fig. 3).">71°
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