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Parathyroid glands are small endocrine glands that regulate calcium metabolism by producing
parathyroid hormone (PTH). These are located at the back of the thyroid gland. Typically, four
glands comprise the parathyroid glands, although their numbers may vary among individuals.
Parathyroid diseases are related to parathyroid gland dysfunction and can be caused by prob-
lems with the parathyroid gland itself or abnormal serum calcium levels arising from renal dis-
ease. In recent years, as comprehensive health checkups have become more common, abnor-
mal serum calcium levels are often found incidentally in blood tests, after which several
additional tests, including a PTH test, ultrasonography (US), technetium-99m sestamibi para-
thyroid scan, single-photon-emission CT (SPECT)/CT, four-dimensional CT (4D-CT), and PET/CT,
are performed for further evaluation. However, the parathyroid gland remains an organ less fa-
miliar to radiologists. Therefore, the normal anatomy, pathophysiology, imaging, and clinical
findings of the parathyroid gland and its associated diseases are discussed here.

Index terms Parathyroid Gland; Ultrasonography; Tc-99m Sestamibi Scan; PET/CT

INTRODUCTION

The parathyroid glands produce the parathyroid hormone (PTH) to maintain serum
calcium homeostasis. PTH stimulates the release of calcium and phosphate from the
bone, reabsorbs calcium, inhibits phosphate reabsorption, stimulates calcitriol pro-
duction in the kidney, and absorbs calcium in the bowel secondary to increased cal-
citriol levels (1). Diseases of the parathyroid gland are caused by either problems with
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the gland itself or abnormal serum calcium levels. Diagnosis is primarily based on clinical
and biochemical methods. Recently, asymptomatic diagnoses have been made incidentally
(2). As minimally invasive surgery has become mainstream, preoperative imaging-guided lo-
calization of parathyroid lesions and the role of radiologists have become more important (1,
3). In this study, we review the anatomy, pathophysiology, imaging, and clinical findings of
the parathyroid gland.

ANATOMY

The average size of the parathyroid gland is 5mm X 3mm X 1 mm, and its weight is 35-40 mg
(4). It is oval or bean-shaped and is usually composed of four endocrine glands (two superior
and two inferior) in up to 81% of patients and fewer or more glands in 19% of patients (5).
The superior gland is located posterior to the upper pole or interpolar area of the thyroid
gland, whereas the inferior gland is located near the lower pole of the thyroid gland (6).

EMBRYOLOGY

The superior glands originate from the 4th branchial pouch with an ultimobranchial body.
The dorsal wing of the 4th branchial pouch develops into the superior parathyroid glands,
and the ventral wing differentiates into ultimobranchial bodies, which give rise to the parafol-
licular C-cells of the thyroid gland. The inferior glands derive from the 3rd branchial pouch of
the thymus. The dorsal wing of the 3rd branchial pouch becomes the inferior parathyroid
gland. The thymus also originates from the ventral wing of the 3rd branchial pouch. The infe-
rior glands are initially cranial to the superior glands and migrate caudally over a greater dis-

tance, leading to a greater propensity for ectopic location (7).

ECTOPIC LOCATION

Aberrant migration can cause ectopic parathyroid glands with a prevalence of 16% in pa-
tients with primary hyperparathyroidism (Fig. 1) (5). The ectopic parathyroid glands are located
between the angles of the mandible and mediastinum. Ectopic inferior parathyroid glands
have greater variation and are most frequently located in the thymus (intrathymic) (30%), fol-
lowed by the anterosuperior mediastinum (22%), intrathyroidal (22%), thyrothymic ligament
(17%), and submandibular locations (8). Ectopic superior parathyroid glands are rare. They are
most commonly found in the tracheoesophageal groove (43%), followed by the retroesopha-
geal area (22%), posterosuperior mediastinum (14%), intrathyroidal area, and carotid sheath
(9). The three most common ectopic locations are the thymus (38%), para- or retroesophageal
space (31%), and thyroid (18%) (10). The ectopic gland could be one of the four parathyroid
glands or a supernumerary gland. The recurrent laryngeal nerve is an important surgical land-
mark that helps differentiate between the superior and inferior parathyroid glands. The superi-
or glands are located posteriorly to the plane of the recurrent laryngeal nerve within the tra-
cheoesophageal groove, whereas the inferior glands are located anteriorly to this plane (11).

328 jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(2):327-344 RADIOLOGY

Fig. 1. Schematic of orthotopic and ectopic parathyroid glands, with ectopic parathyroid adenomas most
commonly located in the thymus, paraesophageal or retroesophageal space, and the thyroid.
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HISTOLOGY

The parathyroid gland is composed of chief cells, oxyphil cells, stromal fat, and connective
tissue septa with a thin fibrous capsule. Chief cells are functional cells responsible for the
synthesis and secretion of PTH and are more numerous than oxyphil cells. The function of
oxyphil cells is unclear and no secretory granules are present in these cells. They are larger
than the chief cells and scattered throughout the parathyroid gland. They have an eosino-
philic cytoplasm due to their rich mitochondrial content (12). The average percentage of stro-
mal fat is 35% =+ 19% and correlates with age, obesity grade, and serum PTH levels (13).

DISEASE OF THE PARATHYROID GLAND

Hyperparathyroidism is a condition characterized by high serum PTH levels. Primary hy-
perparathyroidism refers to hyperfunction of the parathyroid gland with high levels of PTH
and calcium and normal or low levels of phosphate in the serum (1). Compensatory stimula-
tion of the parathyroid gland for hypocalcemia results in secondary hyperparathyroidism
with high PTH, low calcium, and varying phosphate levels. Chronic renal failure is the most
common cause of this condition. In patients with long-term chronic renal failure, the loss of
negative feedback leads to autonomous secretion of PTH, causing tertiary hyperparathyroid-
ism with high PTH, calcium, and phosphate levels (2).

WHO CLASSIFICATION OF PARATHYROID TUMORS

Parathyroid neoplasms can be classified into parathyroid adenomas, atypical parathyroid

tumors, and parathyroid carcinomas. The term atypical parathyroid adenoma is no longer
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used because of its uncertain malignant potential and has been replaced with the term atypi-
cal parathyroid tumor (Fig. 2) (14). Parathyroid hyperplasia has traditionally been considered
as primary hyperparathyroidism that involves multiple parathyroid glands. However, the af-
fected glands are usually composed of multiple clonal neoplastic proliferations in multiglan-
dular primary hyperparathyroidism. Therefore, multiglandular parathyroid adenoma (pri-
mary hyperparathyroidism-related multiglandular diseases) is a more appropriate term than
parathyroid hyperplasia, which is now used to refer to secondary hyperparathyroidism (14).
Multiglandular parathyroid adenomas can have germline susceptibility, and genetic testing
may be helpful in identifying underlying abnormalities, such as multiple endocrine neopla-
sia (MEN) types 1, 4, or 5. The absence of nuclear parafibromin (PFIB) immunoreactivity sug-
gests a risk of tumor recurrence and an underlying germline or somatic CDC73 gene muta-
tion with a high risk of parathyroid carcinoma. In patients with atypical parathyroid tumors,
parathyroid carcinomas, and young patients with parathyroid adenomas and multiple other
tumors, PFIB immunohistochemistry is helpful for further evaluation (14).

ULTRASONOGRAPHY

Currently, the most commonly used imaging modalities are ultrasonography (US) and
technetium-99m sestamibi planar scintigraphy MIBI with additional single-photon emission
CT (SPECT)/CT. Parathyroid US is an inexpensive and readily available imaging modality that
does not use ionizing radiation. This offers the advantage of the concurrent evaluation of the
thyroid gland. Normal parathyroid glands are not well visualized using conventional imag-
ing. However, when visualized, they appear as hyperechoic structures with homogeneous
echogenicity in 91% of cases and isoechoic structures with homogeneous echogenicity in 9%

Fig. 2. Atypical parathyroid tumor at the left superior parathyroid gland in a 60-year-old female with prima-
ry hyperparathyroidism: transverse and color Doppler US images show a 1.5 cm-sized heterogeneous iso-
to hypoechoic mass (arrowhead) with a polar vessel sign at the posterior aspect of the left thyroid gland,
while the *™Tc-MIBI scan shows a lesion with residual tracer uptake (arrow) in the left thyroid gland.

PARATHYROID
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(15). Another recent study identified homogeneous hyperechogenicity with a circumscribed
oval shape as a characteristic of the parathyroid gland (16). The stromal fat component of the
parathyroid gland accounts for hyperechogenicity (17), whereas perithyroidal fat tissue can
be distinguished by ill-defined margins and heterogeneous echotexture (16). Parathyroid ad-
enomas are typically homogeneously hypoechoic relative to the thyroid gland, with a well-
defined hyperechoic capsule or rim. The presence of residual normal parathyroid glands in
the lesion can be observed in some cases with hyperechoic areas, which are defined as resid-
ual parathyroid signs (Fig. 3) (15). Parathyroid adenomas are oval or bean-shaped and when

large are infrequently multilobulated. Hypervascularity in Doppler imaging due to feeding

Fig. 3. Solitary adenoma at the left inferior parathyroid gland in a 63-year-old female with primary hyper-
parathyroidism.

A. Transverse, sagittal and color doppler US images show a markedly hypoechoic nodule (arrow) with re-
sidual parathyroid sign (arrowhead) and polar vessel sign at the posterior aspect of the left thyroid lower
pole, and *™Tc-MIBI scan shows a lesion (arrow) with residual uptake of the tracer in the region of the left
thyroid gland.

B. Histopathology reveals a well-circumscribed mass with thin fibrous capsule and reduced stromal adipo-
cytes (hematoxylin and eosin stain) attached to the thyroid tissue (arrow). Compressed nonneoplastic para-
thyroid tissue (arrowhead) containing 40%-50% fat component is seen at the edge, possibly corresponding
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vessels is a characteristic of parathyroid adenoma and is known to feed the polar artery or
vascularity along the peripheral rim (18). However, when adenomas are small and located
deep within the tissue, they may not exhibit detectable blood flow on imaging (19). Less com-
mon features include cystic degeneration, hemorrhage, calcification, fibrosis, and fat deposi-
tion, resulting in a heterogeneous appearance and areas of increased echogenicity (8).
Lymph nodes can be differentiated based on typical sonographic findings, such as hilar
blood supply, hypoechoic cortex, and echogenic hilum. Exophytic thyroid nodules or sepa-
rate thyroid lobulations, such as the tubercle of Zuckerkandl, may mimic parathyroid adeno-
mas because of the thin hyperechoic septum between them and the thyroid gland. However,
careful examination of the entire margin of the nodule can help to differentiate it by identify-
ing the thin portion communicating with the thyroid gland (19). MIBI scanning or SPECT/CT
is also helpful in differentiating thyroid lesions that mimic parathyroid adenomas on US
(Fig. 4). Parathyroid carcinomas can cause severe hypercalcemia and require surgical treat-
ment. The US features of parathyroid carcinomas (Fig. 5) include large size (mean, 3.5 cm),
irregular shape, non-circumscribed margins, hypoechogenicity with heterogeneous echotex-
ture, cystic change (13%-30%), calcification (10%-43%), infiltrative margin (50%-57%), and

Fig. 4. Solitary adenoma with misinterpreted ultrasonography in an 82-year-old female with primary hyper-
parathyroidism.

A. Transverse, sagittal and color doppler US images show hypoechoic masses (arrows) with peripheral vas-
cularity at the posterior aspect of the both thyroid upper poles, which were initially thought to be parathy-
roid lesions.

B. ®mTc-MIBI scan shows a lesion (arrow) with residual uptake of the tracer in the region of the left thyroid
gland; 2*C-methionine PET/CT also shows hot uptake (arrow) at the posterosuperior aspect to the left thy-
roid upper pole, but no uptake (arrowhead) at the right upper pole. The right lesion is a thyroid lesion.

ANT - 10MIN ANT - 120MIN
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suspicious metastatic lymph nodes (14%) (20-22). US-guided fine needle aspiration (FNA) or
biopsy with PTH washout analysis is recommended only for inconclusive or repeat surgical
cases, such as ectopic locations, due to complications such as hematoma, post-FNA fibrosis,
and risk of seeding in cases of parathyroid carcinoma. Fine-gauge needles (25-27 gauge) with
gentle and fewer passes are recommended (23, 24). US-guided percutaneous ablation can be
used as an alternative treatment option for parathyroid adenomas when primary or repeat para-
thyroidectomy is infeasible. It can also be considered for symptomatic secondary hyperpara-
thyroidism that does not respond to medication and cannot be treated with surgery (25, 26).

Fig. 5. Parathyroid carcinoma at the right superior parathyroid gland in a 64-year-old female with primary
hyperparathyroidism.

A. Transverse, sagittal and color doppler US images show a hypoechoic mass (arrowhead) with irregular
margin, internal echogenic calcification and increased vascularity at the posterior aspect of the right thy-
roid mid-pole, *™Tc-MIBI scan shows a lesion (arrow) with prolonged uptake of the tracer in the region of
the right thyroid gland, and ®"Tc-MIBI SPECT/CT shows hot uptake and calcification in the lesion (arrow).

B. Histopathology shows a poorly circumscribed, multilobular mass with invasion of thyroid gland (arrow)
(hematoxylin and eosin stain) and vascular invasion (arrowhead) on immunohistochemical staining for CD31.
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4D-CT

Four-dimensional CT (4D-CT) has become the first line of study at several international in-
stitutions (27). The term 4D-CT refers to the number of phases and changes in perfusion over
time (fourth dimension). A systematic review of 34 studies concluded that a three-phase pro-
tocol with pre-contrast imaging, an arterial phase (25-40 seconds), and a delayed venous
phase (60-80 seconds) is the best for balancing diagnostic performance with radiation expo-
sure. The late delayed phase (120 seconds) is no longer considered necessary (28). In non-
contrast images, parathyroid adenomas and hyperplastic glands have low attenuation, while
thyroid glands have high attenuation owing to their high iodine content. There are variable
enhancement patterns of parathyroid adenomas, such as peak arterial enhancement greater
than the thyroid gland with washout in the delayed phase (classic pattern), a lower degree of
arterial enhancement than the thyroid gland but greater washout during the delayed phase
(most common pattern), or similar enhancement and washout to the thyroid gland in a small
proportion (29). Therefore, excluding the non-contrast phase from the imaging protocol may
result in missing parathyroid lesions that appear similar to thyroid tissue in the arterial and
venous phases. Cystic changes and intralesional hemorrhages can contribute to atypical en-
hancement. Thyroid tissue and lymph nodes show progressive enhancement for up to 90
seconds. Polar vessels are identified in up to two-thirds of cases, and an asymmetrically
prominent vessel may guide clinicians to this abnormality (30). 4D-CT is not as widely used
as US and MIBI scans for the initial evaluation of parathyroid lesions. However, it can be use-
ful for anatomical localization in cases of persistent or recurrent hyperparathyroidism after

surgery because of their adhesive and distorted architecture at the surgical site (31).

*M™Tc SESTAMIBI PLANAR SCINTIGRAPHY (MIBI SCAN)

Technetium-99m sestamibi (*™Tc-MIBI) accumulates in mitochondria-rich cells, including
the overactive parathyroid glands, myocardium, and malignant cells. Uptake is related to the
oxyphil cell content of the parathyroid gland (18, 32). Dual-phase imaging with a single radio-
tracer or single-phase imaging with a dual radiotracer has been used to detect parathyroid le-
sions. In the dual-phase single-tracer protocol using **Tc-MIBI, parathyroid adenomas show
increased and prolonged tracer uptake in the delayed phase compared with the thyroid gland,
which shows tracer washout, typically within 30 minutes (33). Approximately 700-1100 MBq
of #™Tc-MIBI is administered in a dual-phase imaging protocol with a large field of view from
the skull base to the diaphragm to detect ectopic tissue. Early- and delayed-phase images are
acquired 10-30 minutes and 90-150 minutes, respectively, after administration of the radio-
pharmaceutical agent. Planar scintigraphy is performed at both time points, and SPECT/CT
is commonly supplemented with delayed-phase imaging of MIBI scans because of its more
precise anatomical localization (23, 34). Technetium-99m tetrofosmin (*™Tc-TETR) is an al-
ternative radiotracer with parathyroid uptake. It has comparable imaging characteristics and
the choice of agent depends on availability and experience of the interpreting physician (33).
In dual-tracer single-phase protocol, radiotracer with parathyroid uptake (*™Tc-MIBI or

#mTe-TETR). These agents have comparable imaging characteristics, and the choice of the

334

jksronline.org



JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2024;85(2):327-344 RADIOLOGY

agent depends on their availability and the experience of the interpreting physician (33). In
the dual-tracer single-phase protocol, radiotracers with parathyroid uptake (*™Tc or *™Tc-
TETR) and a radiotracer without parathyroid uptake (*™Tc-pertechnetate or I-123) are used.
All these tracers accumulate in the functioning thyroid, and the subtraction of pertechnetate
or iodine data from sestamibi or tetrofosmin data generates a parathyroid-only image (33,
34). This technique has been reported to have high sensitivity in detecting multiglandular
diseases (23). In a single-tracer protocol, approximately 15% of parathyroid lesions, particu-
larly hyperplastic glands, may demonstrate rapid washout of the radiotracer, similar to the
washout pattern observed in the thyroid gland during MIBI scan (34). Furthermore, patients
with thyroid disease or a history of thyroid surgery may show slower washout of the radio-
tracer from the thyroid gland than the typical washout rate in the single-tracer protocol. The
differentiation between parathyroid lesions and thyroid tissues can be challenging in such
cases. Subtraction techniques using dual-tracer protocols can potentially overcome these
limitations but also have a higher radiation burden and are technically challenging (19, 23).

PET/CT

PET/CT has recently been accepted as an effective imaging modality for tumor localization.
Several radiotracers have been used in PET/CT, including 'C-methionine, "C-choline, and *F-
fluorocholine. The detection rate of **F-fluorodeoxyglucose is inferior to those of "C-methio-
nine and “*F-choline (35). However, that study had a selection bias. Methionine is an essential
amino acid precursor to PTH. However, it is not routinely used owing to its high cost and lim-
ited availability (23). Choline is an essential component of cell membrane metabolism that ac-
cumulates in overactive parathyroid cells. The widespread use of "C-labelled tracers is limited
by their short half-life (approximately 20 minutes), which makes their transportation from
centers with cyclotrons challenging. **F-choline is more suitable for clinical imaging than *C-
choline owing to its longer half-life of 110 minutes, and it provides lower positron energies
that result in less noise and offers improved spatial resolution (36). **F-choline PET/CT offers
the highest sensitivity (90%) among available imaging modalities. It provides higher spatial
resolution and shorter scanning time, requires a lower dose of radiation, but is more expensive
than SPECT/CT. Therefore, it is an effective second-line tool for problematic cases with nega-
tive or discordant results on conventional imaging (Fig. 6) (37). The optimal **F-choline PET/
CT protocol remains unclear. However, relying on single-time-point imaging, either in the
early or late phases, carries a potential risk of missing lesions (23, 38). In dual-time point imag-
ing, early and late images are usually acquired at 5-15 minutes and 45-60 minutes, respectively
(39). Parathyroid adenomas usually exhibit more intense radiotracer uptake than the thyroid
glands. The parathyroid to thyroid uptake ratio tends to be higher in late imaging because of
faster washout of the radiotracer from the thyroid gland (23, 38).

DIAGNOSTIC PERFORMANCE OF IMAGING MODALITIES

Several meta-analyses have compared the pooled sensitivity and positive predictive value

(PPV) of parathyroid imaging techniques. In patients with primary hyperparathyroidism, the
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Fig. 6. Solitary adenoma with false-negative US, MIBI scan and SPECT/CT in a 69-year-old female with pri-
mary hyperparathyroidism.

A. US images show a partially cystic isoechoic mass (arrow) with scanty flow signals at the inferior aspect of
the left thyroid gland; *™Tc-MIBI scan and *™Tc SPECT/CT are negative with no tracer uptake, whereas non-
enhanced CT shows a high attenuated mass (arrow) in the left thyroid gland.

B. 1!C-methionine PET/CT shows a nodular lesion (arrowhead) with hot uptake at the posterior aspect of the
left thyroid gland upper pole, and US images reveal an oval marked hypoechoic mass (crosses) with a feed-
ing vessel at the posterosuperior aspect to the left thyroid upper pole.

— —

O o et

pooled sensitivity and PPV were 76% and 93% for US and 79% and 91% for **Tc sestamibi
SPECT, respectively (40). The sensitivity of combined scintigraphy and US ranges from 74%
to 95% (1, 18). Therefore, US and MIBI complement each other as first-line modalities. The
combination of SPECT or SPECT/CT with MIBI is a widely used technique.

Conventional imaging modalities (US, MIBI with SPECT, and SPECT/CT) remain insensitive
to the detection of multiglandular disease in primary hyperparathyroidism. The detection
rate of multiglandular disease is low for both US (16%-35%) and MIBI scan (30%-44%), show-
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ing lower sensitivity compared with that for a solitary adenoma (41). Even with combined US
and MIBI scans, the sensitivity ranges from 30% to 60% (18). Furthermore, 4D-CT and sesta-
mibi SPECT/CT did not significantly improve the detection rate of multiglandular disease,
with 58% in 4D-CT and 31% in SPECT/CT (42). However, *F-choline PET/CT showed a sensitiv-
ity of 91% and a specificity of 100%, demonstrating superior performance compared with
conventional imaging methods (43, 44). It is now recognized that the time has come for *F-
choline PET/CT to replace parathyroid planar scintigraphy. US still plays a role in preopera-
tive localization or correlation with PET/CT.

PRIMARY HYPERPARATHYROIDISM

Autonomous PTH overproduction by abnormal parathyroid glands leads to primary hyper-
parathyroidism. Routine biochemical testing has increased the number of asymptomatic pa-
tients. The incidence of primary hyperparathyroidism varies between 0.4--82.0 cases per
100000 individuals, with sporadic cases in 95%, and familial syndromes in 5% (e.g., MEN1,
MEN2A, MEN4, and familial isolated hyperparathyroidism). Ionizing radiation and chronic
lithium therapy are the known risk factors (2). Genetic counselling is recommended for pa-
tients younger than 40 years with multiglandular disease or a family history. Primary hyper-
parathyroidism manifests as musculoskeletal diseases, recurrent urinary calculi, gastrointes-
tinal dysfunction, and neurocognitive/neuropsychiatric diseases. Surgery is required for all
symptomatic patients with primary hyperparathyroidism and for asymptomatic patients
who meet the surgical indications (Table 1) (3). Solitary adenomas, double/multiple adeno-
mas, and parathyroid carcinomas account for 89%, 10%, and 1% of cases of primary hyper-
parathyroidism, respectively (41). Minimally invasive parathyroidectomy is widely accepted
as an effective and minimally invasive surgical technique that uses preoperative imaging-
guided localization of solitary adenomas. For minimally invasive parathyroidectomy, intra-
operative PTH monitoring is recommended to determine whether further exploration or bi-

lateral neck exploration is required (3).

PERSISTENT OR RECURRENT HYPERPARATHYROIDISM

Persistent primary hyperparathyroidism refers to the occurrence of hyperparathyroidism

within six months of parathyroidectomy, whereas recurrent primary hyperparathyroidism is

Table 1. Surgical Indications of Primary Hyperparathyroidism in Asymptomatic Patients

Age <50 years

Serum calcium level > 1.0 mg/dL above upper limit of normal range
24-hour urinary calcium excretion > 400 mg/day

Estimated glomerular filtration rate <60 mL/min/1.73 m?
Nephrolithiasis or nephrocalcinosis

Vertebral or fragility fracture

Dual-energy X-ray absorptiometry T-score < -2.5
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diagnosed when hyperparathyroidism reappears after six months. In these cases, reoperation
carries an increased risk of complications including recurrent laryngeal nerve injury, perma-
nent hypothyroidism, and treatment failure (45). The most common causes of persistent and
recurrent primary hyperparathyroidism are failure to identify the pathological glands and
unrecognized multiglandular diseases. Ectopic and supernumerary glands are frequently ob-
served in patients with persistent or recurrent primary hyperparathyroidism. Therefore, most
surgeons require two concordant results from imaging studies before considering a repeat op-
eration to improve localization (46). According to a study involving patients with sporadic pri-
mary hyperparathyroidism, the risk of multiglandular disease was 31.6% with two negative
results, 3.6% with one positive result, and 0.0% with two concordant positive results based on

preoperative imaging findings of US and MIBI scans (47).

SECONDARY AND TERTIARY HYPERPARATHYROIDISM

Secondary hyperparathyroidism is caused by elevated PTH levels secondary to hypocalce-
mia, and can result from chronic renal failure or vitamin D deficiency. Tertiary hyperparathy-
roidism is characterized by the autonomous hyperfunction of the parathyroid gland in long-
term secondary hyperparathyroidism due to the loss of feedback from serum calcium levels (1,
2). This condition can lead to hypercalcemia that may persist even after renal transplantation
in patients with chronic renal failure (48). Medication is the mainstay treatment in secondary
hyperparathyroidism. However, parathyroidectomy is required in patients with uncontrolled
symptoms, such as bone pain, fracture, calciphylaxis, pruritus, and failure to correct metabolic
parameters. In tertiary hyperparathyroidism, parathyroidectomy is the treatment of choice be-
cause it provides higher cure rates than medical management (49). Bilateral neck exploration is
necessary to identify all four parathyroid glands. Total parathyroidectomy carries the risk of
permanent hypoparathyroidism; therefore, total parathyroidectomy with autotransplantation
and subtotal parathyroidectomy are often preferred (48, 49). The aim of preoperative imaging
is to identify ectopic and supernumerary parathyroid glands and asymmetric gland hyperpla-
sia, and to evaluate concurrent thyroid disease (50). The US features of secondary and tertiary
hyperparathyroidism are similar to those of primary hyperparathyroidism, with well-defined
hypoechoic lesions and peripheral vascularity. However, the incidence of mixed echogenicity,
cystic changes, calcification, supernumerary glands, and ectopic parathyroid glands is higher
than that in primary hyperparathyroidism (Fig. 7) (51, 52). **F-choline PET/CT is reportedly
more sensitive (86%) and accurate (87%) than US (62% and 65%, respectively) and sestamibi
SPECT/CT (55% and 59%, respectively) in patients with secondary and tertiary hyperparathy-
roidism. It also offers the advantage of detecting intrathyroidal hyperfunctioning parathyroid
glands, although false-positive results may occur because of benign and malignant thyroid
nodules (50, 53).

PARATHYROID INCIDENTALOMA

Parathyroid incidentaloma refers to unexpected parathyroid lesions detected incidentally

during imaging or surgery. The incidence of parathyroid incidentaloma detected on US is
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Fig. 7. Multiple hyperplasia of all four parathyroid glands in a 46-year-old male with tertiary hyperparathy-
roidism: sagittal US images (A) showing multiple masses (crosses) of variable size and mixed echogenicity
in the posterior and inferior aspects of both thyroid glands, while ®"Tc-MIBI scan (B) shows all four parathy-
roid lesions (arrows) with residual tracer uptake in both thyroid glands, histopathology (C) shows nodular
growth without a definite rim of compressed normal parathyroid tissue (hematoxylin and eosin staining),
and follow-up sagittal US image (D) after one year shows the preserved remaining left inferior parathyroid
gland (arrow) at the inferior aspect of the left thyroid gland.

0.4%-1.2% (54, 55). Most incidentalomas are non-functioning or less functioning, and may
represent an early stage of the development of primary hyperparathyroidism. The possibility
of an enlarged parathyroid gland should be considered when a homogeneous, hypoechoic,
well-defined oval nodule with a feeding vessel is found beyond the thyroid capsule (54, 55). If
the imaging characteristics and location of an incidental lesion suggest an enlarged parathy-
roid gland, further clinical and biochemical assessments should be performed to evaluate the
hyperfunctioning glands. Additional US-guided FNA with a PTH assay in the washout fluid
can accurately diagnose parathyroid incidentalomas detected during thyroid US. For the de-
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Fig. 8. Parathyroid cyst at the left inferior parathyroid gland in a 54-year-old female who presented with an-
terior neck swelling: US images show an anechoic cystic mass (cross) at the inferior aspect of the left thyroid
gland, and neck CT images performed at other hospitals show a cystic mass (arrows) in the left infrathyroi-
dal and paratracheal areas.
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tection of incidentalomas, the PPV of thyroid US is 21.4%, and multinodular goiters or peri-
thyroidal lymph nodes may account for false-positive diagnoses (55). Most patients with hy-
perfunctioning parathyroid incidentalomas are asymptomatic. Several factors, including
serum and urinary calcium levels, renal function, and bone density, should be considered for
appropriate management.

PARATHYROID CYST

A true parathyroid cyst is a nonfunctioning lesion, but if large, it can cause compressive
symptoms (Fig. 8). Sung et al. (56) showed that the success rate of US-guided aspiration was
only 33%. Ethanol ablation can be considered in recurrent cases (55-57). In contrast, function-
al parathyroid cysts and cystic parathyroid adenomas are suspected to originate from cystic
degeneration and hemorrhage. Non-functioning parathyroid cysts have unilocular clear fluid,
while cystic parathyroid adenomas have cloudy brown fluid, suggesting a previous hemor-
rhage (57, 58).

CONCLUSION

Several imaging modalities are available for preoperative localization of parathyroid tumors
and hyperplasia. US and MIBI scans with SPECT/CT are the first modalities, whereas *F-cho-
line PET/CT is used as the second modality in negative or discordant cases. 4D-CT can also
serve as a problem-solving technique in challenging cases. To make an accurate diagnosis and
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provide proper information before surgery, radiologists should be aware of the characteristic
radiological findings and the overall management of parathyroid diseases.
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