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Abstract: Hyperparathyroidism is a condition caused by increased secretion of the parathyroid
hormone, which plays an important role in calcium homeostasis. This condition has been diag-
nosed more frequently recently and can affect multiple organ systems resulting in a variety of
signs and symptoms. Hyperparathyroidism can be classified as primary, secondary, or tertiary
disease and can result from eutopic or ectopic parathyroid lesions. Parathyroid adenoma is the
most common cause of primary hyperparathyroidism, accounting for more than 80% of cases.
Parathyroid hyperplasia is the cause in about 20% of patients, while parathyroid carcinoma is
rare and accounts for less than 1% of cases. Surgical removal of the abnormal gland(s) is the
definite treatment for hyperparathyroidism. Bilateral neck exploration is the classical approach
for parathyroidectomy. In recent years, minimally invasive parathyroidectomy is becoming
more popular due to the fewer complications and shorter hospital stay. This new approach has
placed a greater emphasis on the preoperative localization techniques. Multiple localization
techniques have been used, including invasive techniques, anatomical, and scintigraphic imag-
ing modalities. Thallium/pertechnetate subtraction method was introduced in 1980 and was the
first method to gain widespread acceptance. It is not widely used now due to the suboptimal
characteristics of thallium and the technical difficulties associated with subtraction and reg-
istration. The dual-phase method using Tc-99m sestamibi is currently the method of choice
for parathyroid localization. It is based on the differential washout rate of sestamibi from the
thyroid and abnormal parathyroid glands. The reported sensitivity of this method ranges from
80% to 90%. The addition of single-photon emission computed tomography (SPECT) and
more recently SPECT/CT improves the anatomical localization and helps in the differentiation
of the parathyroid from the thyroid lesions. Multiple factors can affect the sensitivity of the
scan including the lesion size, cellularity, and the presence of P-glycoprotein. Modification of
the imaging protocol may help to avoid false positive or false negative results in certain cases.
Positron emission tomography has been recently investigated for possible role in parathyroid
imaging and showed promising results with ''C-methionine.
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Introduction
The parathyroid gland was the last organ to be recognized in humans and was discov-
ered by Ivar Sandstrom in 1880. In 1915, Friedrich Schlaugenhaufer noticed that bone
disease might be caused by an enlarged parathyroid gland. Ten years later, the first
successful parathyroidectomy was performed in Vienna by Felix Mandl.!

In the past few decades, the frequency of hyperparathyroidism has been increas-
ingly noticed. It affects calcium homeostasis and can result in various complications
involving multiple organ systems.
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Surgical removal of the abnormal parathyroid gland(s)
remains the definite treatment of hyperparathyroidism.? The
classical surgical approach is bilateral neck exploration,
which has a good success rate in expert hands. Recently, mini-
mally invasive parathyroidectomy is increasingly becoming
the technique of choice due to the lower complication rate.
This technique placed a greater emphasis on the preoperative
localization techniques for abnormal parathyroid glands.’

Although normal parathyroid glands are too small to
be visualized, parathyroid disease often produces visibly
enlarged glands.** Multiple imaging techniques using differ-
ent imaging agents have been used with varying degree of
success. Proper interpretation of the imaging studies requires
good understanding of the anatomical, embryological, and
physiological features of the parathyroid glands.

Basic considerations

The parathyroid glands have some of the most variable
anatomical features among other organs in terms of their
shape, size, number, and location.® They are usually ovoid or
bean-shaped. Less commonly, the glands may be elongated,
flattened into a leaf-like structure, or multilobulated.>®

The size and diameter of the glands vary according to the
shape. The normal glands usually measure 4-6 mm in length,
2-4 mm in width, and 0.5-2 mm in thickness.® Therefore,
the weight of the glands is a better estimate of the glandular
tissue and is usually 30—50 mg for each gland, with the largest
not exceeding 70 mg.¢

The weight of the functioning parenchyma is a relatively
new parameter and can be calculated from the glandular
weight and the relative proportions of the two main glandular
components, parenchymal and fat cells. The normal weight
of the four glands is usually less than 210 mg and the total
parenchymal cell weight is less than 145 mg.°

Human beings usually have two pairs of glands, but vari-
able numbers may be found occasionally.” About 80%—97%
of healthy people have four parathyroid glands, about 5%
have less than four glands, and 3%—13% have supernumer-
ary glands.?

Understanding the normal and ectopic locations of the
parathyroid glands requires good knowledge of their embryo-
logical origin. The superior parathyroid glands are derived
from the dorsal aspect of the fourth pharyngeal pouch and
descend along with the thyroid gland. Because of their shorter
migratory pathway, the superior glands are less variable in
location.’ They are typically located at the cricothyroid junc-
tion above the anatomical demarcation of the inferior thyroid
artery and the recurrent thyroid nerve.®?

On the other hand, the inferior parathyroid glands are
derived from the dorsal aspect of the third pouch and descend
along with the thymus. They are more variable in location
due to the relatively longer migratory pathway.’ They are
usually located at the anterolateral or posterolateral aspects
of the lower pole of the thyroid.?

Ectopic parathyroid glands can be found in variable
locations along their migratory pathway.!” Ectopic superior
glands may be found embedded within the thyroid gland or
its capsule because of their shared embryological origin.
Ectopic inferior glands may be found along the migratory
pathway of the thymus. Their common ectopic locations
include the thyrothymic ligament, upper mediastinum, and
within the thymus itself.>!°

Histologically, the chief cells represent the majority of the
parathyroid parenchymal cells.! These cells contain cytoplas-
mic fat droplets and are responsible for the secretory function
of the gland. Oxyphilic and transitional oxyphilic cells are
sparsely present in children and increase to 4%—5% of the
parenchymal cells in old age. Ultrastructurally, oxyphilic
cells are larger than chief cells and have more eosinophilic
cytoplasm because of the abundant mitochondria.'" Water-
clear cells are inactive and appear vacuolated.*

The parathyroid glands secrete parathyroid hormone
(PTH) that is responsible for maintaining calcium homeostasis.
PTH is a polypeptide that consists of 84 amino acids and is
produced mainly from the chief cells.!? PTH controls calcium
level through four principal mechanisms: 1) increases cal-
cium absorption from the gastrointestinal tract; 2) stimulates
osteoblastic activity; 3) enhances renal tubular reabsorp-
tion of calcium; 4) decreases renal tubular reabsorption
of phosphate.'? The extracellular concentration of calcium
controls PTH secretion. PTH is metabolized by Kupffer
cells in the liver.

Pathophysiology of
hyperparathyroidism

Hyperparathyroidism is a condition caused by oversecretion
of PTH. In recent years, this condition has been diagnosed
more frequently due to improvement in the routine laboratory
screening and increase in the awareness of this disease. The
clinical presentation and complications of hyperparathyroid-
ism depends on the rapidity of its development as well as
the degree of hypercalcemia. Muscle weakness, polydipsia,
dry skin and itching, memory loss, and anxiety are the
five disease-specific symptoms, which usually show sig-
nificant improvement after successful parathyroidectomy.'
Hyperparathyroidism can also result in other abnormalities
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involving multiple organ systems like the genitourinary,
gastrointestinal, musculoskeletal, and nervous systems
(Table 1).!

Hyperparathyroidism is classified as primary, secondary,
or tertiary disease. This condition may have familial associa-
tion as in multiple endocrine neoplasia (MEN) syndrome.'*
Hyperparathyroidism can occur as a result of eutopic or
ectopic disease.

Primary hyperparathyroidism is the most common disease
of the parathyroid glands. It is characterized by elevated
calcium level due to oversecretion of PTH that results from
loss of normal feedback control by extracellular calcium.'? In
the United States, the incidence of this disease is estimated
at 27.7 cases per 100,000 population per year.'> Primary
hyperparathyroidism is three times more common in females

Table | Clinical manifestation and complications of hyperpar-
athyroidism

Clinical manifestation
Weakness

Easy fatigability

Weight loss

Pruritus

Organs

General

Hypertension

Metastatic calcification

Keratitis, conjunctivitis
Renal Renal stones
Nephrocalcinosis
Renal failure
Polyuria
Nocturia
Metabolic acidosis
Gastrointestinal Nausea
Vomiting
Constipation
Increased thirst
Loss of appetite
Abdominal pain
Peptic ulcers
Heartburn
Pancreatitis
Nervous system Sleeplessness
Poor concentration
Depression
Impaired thinking
Sensory and motor neuropathy
Psychosis
Musculoskeletal Muscle weakness
Pathological fracture
Bone and joints pain
Osteopenia
Chondrocalcinosis
Brown tumor

Osteitis fibrosa cystica

Note: Adapted from Elgazzar and Alenezi.*

than males.'? More than 80% of the patients with primary
hyperparathyroidism have a solitary parathyroid adenoma.
Parathyroid hyperplasia is the cause in less than 20% of
patients. Parathyroid carcinoma may be the cause in less
than 1% of patients. Ectopic secretion of PTH or biologi-
cally similar peptides is a rare cause and is associated with
bronchogenic or renal cell carcinoma.*

Secondary hyperparathyroidism is simply a compensatory
mechanism in response to chronic hypocalcemia, which is
frequently caused by chronic renal failure. In this condi-
tion, the renal production of the active form of vitamin D
is reduced, resulting in decreased intestinal absorption of
calcium. Also, there is decreased renal tubular excretion of
phosphate resulting in hyperphosphatemia.'? In an attempt
to compensate for hypocalcemia and hyperphosphatemia,
generalized parathyroid hyperplasia occurs and results in
overproduction of PTH.!® Other less common causes of
secondary hyperparathyroidism include malabsorption syn-
drome, dietary rickets, and ingestion of drugs like phenytoin,
phenobarbital, and laxatives.*

Tertiary hyperparathyroidism is a complication of long-
standing secondary hyperparathyroidism. The parathyroid
glands develop autonomous hyperplasia, which may not
regress even after correction of the underlying condition.*

Eutopic parathyroid disease results from abnormal
parathyroid glands located within their typical anatomical
location®® and represents about 80%—90% of all cases.!”
The parathyroid glands, interestingly, demonstrate constant
symmetry, which is helpful in the surgical exploration of
eutopic disease.®

Ectopic parathyroid disease is less common than eutopic
disease and results from abnormal parathyroid glands
outside their typical anatomical location. Ectopic superior
parathyroid adenoma may be found at the superior—posterior
mediastinum and can be retropharyngeal, retroesophageal, or
at the trachea-esophageal groove. Rarely, superior parathy-
roid adenoma can be intrathyroidal. Both the right and left
superior glands have similar frequency of ectopia.'” Ectopic
inferior glands, on the other hand, are more common and
represent 10%—13% of all cases of hyperparathyroidism."”
Ectopic tissue can be found along the embryological migra-
tory pathway of the inferior glands from the angle of the
mandible to the mediastinum. The common sites include
the upper mediastinum, thymus, aortopulmonary window,
carotid sheath, vagus nerve, thyrothymic ligament, and
pericardium. %1720

Parathyroid adenoma is the most common cause of
hyperparathyroidism.?!' It is a benign tumor that is usually
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solitary, although double or multiple adenomas can occur in
up to 12% of patients with primary hyperparathyroidism.?
These adenomas usually weigh 300 mg to 1 g. The degree
of hypercalcemia was found to correlate with the tumor
size.?> Microscopically, parathyroid adenoma is formed
predominantly of chief cells, although a mixture of oxyphil
cells and transitional oxyphil cells can be also found.!
Multiple other variants of parathyroid adenomas had been
recognized including cystic adenoma, lipoadenoma, and
oncocytic adenoma.*

Parathyroid hyperplasia is a less common cause of hyper-
parathyroidism and accounts for less than 20% of all cases.
It usually affects the glands to varying degrees. Commonly,
one or two glands may be normal in size, although micro-
scopic signs of endocrine hyperfunction are present in all
the glands. Chief-cell hyperplasia is the most common form.
Hyperplasia affects the glands asymmetrically in primary
hyperparathyroidism. In secondary hyperparathyroidism,
the hyperplastic glands are more uniformly enlarged. In
tertiary hyperparathyroidism, the glands are markedly and
asymmetrically enlarged.*

Parathyroid carcinoma is a rare cause of hyperparathy-
roidism.?* The tumor has no sex preference and is usually
found in patients from 30 to 60 year of age. Parathyroid
carcinoma is usually larger than adenoma and is usually
lobulated, firm, and attached to surrounding soft tissue
structures.? Patients with parathyroid carcinoma usually have
significantly high PTH and calcium levels and present with
severe and atypical clinical picture. The bone and kidney are
often more severely and frequently affected.?!

Treatment of hyperparathyroidism
Surgery is the only curative treatment for primary hyper-
parathyroidism. Parathyroidectomy with bilateral neck
exploration and intraoperative localization by the surgeon
is the classical surgical technique.>*2¢ This technique has a
good success rate in more than 90% of cases in experienced
hands."? However, intraoperative visual identification of the
glands is not always easy and can be challenging, particu-
larly with removal of multiple glands and with reoperation.
This may result in prolonged surgical exploration, which
is associated with higher incidence of complications such
as injury of the recurrent laryngeal nerve.”” Preoperative
parathyroid localization was only reserved typically for
difficult cases."

In recent years, minimally invasive parathyroidectomy is
becoming the procedure of choice for single parathyroid adenoma
which represents about 80% of hyperparathyroidism cases.?®

This approach has many advantages over the classical one.
It has less morbidity, shorter hospital stay time, and better
cosmetic results.>* The success of the minimally invasive
technique depends on accurate preoperative localization of
the abnormal gland(s). Therefore, greater emphasis has been
placed on the preoperative localization studies.'?

Preoperative localization

Several techniques have been used to guide the surgeons
to localize the abnormal parathyroid gland(s). Invasive
localization techniques, like parathyroid arteriography and
selective venous sampling, are reliable. However, they are
technically difficult, time consuming, and involve some risks
like catheter injury, hematoma, contrast-induced nephropathy,
anaphylaxis, and stroke.’ Therefore, they are not routinely
performed and reserved for difficult cases with recurrent or
persistent hyperparathyroidism.’

Many noninvasive localization studies, morphologic and
scintigraphic, have been used clinically but none of them
are considered ideal. Multiple morphologic modalities, like
ultrasound, computed tomography (CT), and magnetic reso-
nance, have been used for parathyroid localization providing
excellent image resolution and contrast. These modalities, on
the other hand, have inadequate and variable accuracy and
they can’t differentiate functional parathyroid tissue from
other types of tissues. Ultrasound is operator dependent and,
therefore, has a wide range of accuracy ranging from 36%
to 76%. CT and magnetic resonance have similar range of
sensitivity ranging from 46% to 76% and from 50% to 78%

respectively.3034

Scintigraphic imaging

Multiple scintigraphic studies can be used to localize abnor-
mal parathyroid glands in patients with biochemically proven
hyperparathyroidism. A radiotracer that is specific for the
parathyroid gland should ideally be used for this purpose.
Unfortunately, such a radiotracer does not exist currently.
Therefore, different methods with multiple radiotracers had
been used with different success rates.

The dual isotope method was the first method to gain
widespread acceptance for parathyroid imaging. It was
first introduced in the early 1980s.>* Thallium-201 is the
main radiotracer used in this method. It is a cationic analog
of potassium and was first used for myocardial perfusion
imaging. Thallium-201 accumulates in both the thyroid and
the parathyroid glands. Therefore, the thyroid activity should
be subtracted from the image to allow for the identification
of the parathyroid activity. This can be achieved by the use of
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another radiotracer like iodine-123 or Tc-99m pertechnetate
which only accumulate in the thyroid gland. The thyroid
activity is then digitally subtracted from thallium image
resulting in a subtraction image that represents activity only
within the abnormal parathyroid gland. This method has many
limitations due to the suboptimal physical characteristics of
thallium-201. Its photon energy is 69—-80 KeV, which is not
ideal for the current gamma cameras, resulting in poor image
quality. It also delivers a high radiation dose to the patient,
warranting limitation the administered dose. In addition, digi-
tal subtraction of the images may be difficult due to technical
problems such as patient motion between two scans.'?

The single radiopharmaceutical dual-phase method is
currently the most widely used method for preoperative
localization. Taillefer et al*® introduced this single isotope,
dual-phase method, which is based on the differential washout
rates of sestamibi from the thyroid and abnormal parathyroid
glands. It was observed that sestamibi is washed out less
rapidly from the parathyroid tissue than from thyroid, where
it is retained for a longer time, presumably due to the pres-
ence of more mitochondria-rich oxyphil cells. This method
is easy to perform as it requires a single injection of Tc-99m
sestamibi. Early images are then acquired at 10-20 minutes
followed by delayed images at 2—3 hours after the radiotracer
injection (Figure 1). An additional image of the chest is also
routinely obtained as ectopic parathyroid adenoma can be
found in the upper mediastinum.

In addition to the dual isotope and dual-phase methods,
various other techniques have been used in special cases.
Some institutions combine the subtraction method with
the dual-phase method by obtaining an additional image of
the thyroid, either with lodine-123 or Tc-99m pertechnetate
(Figure 2). This technique is useful in patients with thyroid
abnormalities to avoid false positive results from retention
of sestamibi in thyroid lesions.'? Other institutions obtain
a dynamic pinhole acquisition over the neck, at a rate of

2 minutes/frame, following the administration of sestamibi.
This is followed by the administration of Tc-99m pertechne-
tate to acquire a thyroid image.*” This protocol is especially
helpful in cases of parathyroid lesions with rapid washout
of sestamibi.

Single-photon emission computed tomography (SPECT)
has been used routinely in some institutions. SPECT is useful
in the localization of ectopic lesions and in the differentiation
of parathyroid from thyroid lesions.!? SPECT can also be
combined with CT (SPECT/CT) to improve the anatomi-
cal localization of the lesion in relation to other structures
(Figure 3A and B). This technique is helpful in preopera-
tive localization and performing scan-directed minimally
invasive surgery.’

Positron emission tomography (PET) has been recently
used for parathyroid imaging using multiple radiotracers.
Fluorine-18-fluorodeoxyglucose (**F-FDG) had been used
in initial studies, which showed conflicting results in cases
of primary hyperparathyroidism. Neumann et al*® compared
FDG-PET and sestamibi-SPECT for preoperative localiza-
tion in 21 patients with primary hyperparathyroidism. They
concluded that FDG-PET is more sensitive than sestamibi,
with a sensitivity of 86%. On the other hand, Melon et al*
demonstrated a too low sensitivity for preoperative local-
ization of parathyroid adenoma using FDG-PET in seven
patients with primary hyperparathyroidism.

""C-methionine had also been used with PET imaging
and showed more promising results than FDG. Sundin
et al* reported a sensitivity of 85% for localization with ''C-
methionine in 32 patients with primary hyperparathyroidism.
More recently, Beggs and Hain*' reported a sensitivity of
83%, a specificity of 100%, and an accuracy of 88% for
localizing parathyroid adenoma in 51 patients with hyper-
parathyroidism, in whom other imaging studies failed to
localize the adenoma. Weber et al*> conducted the largest
prospective study to date on the use of ''C-methionine

Figure | Results of Tc-99m sestamibi study acquired at 15 and 90 minutes postinjection using pinhole collimator.%
Notes: The delayed image shows differential clearance of activity from the thyroid gland, with retained and intense uptake by a large parathyroid adenoma (arrow).
Springer, Pathophysiologic Basis of Nuclear Medicine. 3rd ed, Parathyroid gland, 2014, Elgazzar A, editor. © 2014 with permission of Springer Science+Business Media.**
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Figure 2 Tc-99m sestamibi study results.
Notes: Tc-99m sestamibi study (A—C) acquired at 15 and 120 minutes postinjection using parallel hole collimator. In addition, Tc-99m pertechnetate study (D) was also

obtained using parallel hole collimator. The early image (A) show a focus of increased uptake inferior to the left lower pole that persists on the delayed image (B) after the
clearance of the thyroid activity. There is also increased uptake at the right upper pole on the early image (A) which washes out on the delayed image (B). The pertechnetate
study (D) shows a corresponding focus of increased uptake at the right upper pole suggesting a thyroid nodule.

SPECT

Figure 3 Tc-99m sestamibi study acquired at |5 and 120 minutes postinjection using parallel hole collimator.
Notes: Planar images (A) reveal a focus of increased uptake at the right lower pole seen on the early image and persisting on the delayed image (arrow) which showed further

clearance of thyroid background activity. SPECT/CT study (B) was also obtained, showing the lesion with better contrast and anatomic localization (arrow).
Abbreviations: CT, computed tomography; SPECT, single-photon emission computed tomography.
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for parathyroid imaging in 102 patients. Despite the high
number of concomitant thyroid nodules (34%) in the study,
the reported sensitivity was 91% and the positive predictive
value was 93%. Few case reports suggested a possible role for
8F-choline in localizing ectopic parathyroid adenoma.®

Factors affecting scan sensitivity

Radiotracer and technique used

Different techniques had been used for parathyroid imaging
using multiple radiotracers such as thallium-201, Tc-99m
sestamibi, Tc-99m tetrofosmin, and short-lived PET tracers.
Each radiotracer has different characteristics and different
uptake mechanisms by the target tissue.

Sestamibi is a lipophilic cationic isonitrile derivative that
accumulates in the mitochondria-rich oxyphil cells.* The
negative transmembrane potential of the mitochondria is
the main factor for sestamibi retention.’ It has been reported
that P-glycoprotein, a membrane transport protein encoded
for by the MDR gene, may also be responsible for sestamibi
uptake. This protein also transports other product with similar
structure to sestamibi.* Currently, scintigraphy using Tc-99m
sestamibi is the preferred method for parathyroid imaging as
it is the most sensitive and cost-effective modality for preop-
erative localization.>?* Due to the variation in the scanning
protocols, the reported sensitivity of sestamibi ranges from
80% to 100%.4647

Tetrofosmin (Myoview™, GE Healthcare, Princeton, NJ,
USA) is a lipophilic cationic diphosphine that has been also
used for parathyroid imaging. The use of this radiotracer in
dual-phase method is less reliable because it has little washout
from the thyroid gland.? Tetrofosmin has been used in a 2-day
protocol, using Tc-99m pertechnetate for thyroid imaging
and early Tc-99m Tetrofosmin for parathyroid imaging on
the next day, and it was successful in detecting adenoma
with high accuracy.* Nevertheless, Tetrofosmin has never
gained widespread use for parathyroid imaging despite its
comparable results with sestamibi.'?

Thallium-201 is a cationic analog of potassium that is
mainly used with the subtraction method for parathyroid
imaging. Its mechanism of uptake is dependent on the active
transport through the Na/K ATPase pump.'? The activity per
gram of thyroid and parathyroid tissue is higher for thallium
than for sestamibi. Unlike thallium, sestamibi washes out
form the thyroid and parathyroid tissues resulting in a higher
target to nontarget ratio.** Therefore, sestamibi is superior
to thallium in localizing small glands and distinguishing
parathyroid lesion from thyroid tissue.*® Parathyroid imag-
ing using thallium subtraction protocol is not currently

preferred due to technical problems associated with sub-
traction and misregistration.**° The reported sensitivity of
this method for primary parathyroid adenoma is between
42% and 96%.?

The time of imaging after the radiotracer administration
may also affect the scan sensitivity. Multiple timings had
been used with no clear consensus on the optimal one. For
example, Neumann et al*® imaged at 10 minutes, Bonjer
et al®! imaged at 30 minutes, De Feo et al®? imaged at
10 and 90 minutes, Klieger and O’Mara*® imaged at 30 and
120 minutes, Mazzeo et al>* imaged at 30 and 180 minutes,
and Slater and Gleeson imaged at 2 hours.

The type of collimator used is another important factor
that can affect the scan sensitivity. The parathyroid lesions
are usually too small and difficult to be visualized. The pin-
hole collimator magnifies these small lesions and provides
the highest resolution among other collimators (Figure 1).
Therefore, the sensitivity improves with the use of pinhole
collimator.'? Parallel hole collimator has also been used in
parathyroid imaging. It allows inclusion of both the neck and
chest in the field of view (Figure 2A—D). This is important
in cases of ectopic lesions which can be found in the medi-
astinal area. Many institutions use the pinhole collimator to
obtain images of the neck, with the addition of chest image
as a routine protocol.

The added sensitivity with using SPECT is controversial.
Multiple studies using SPECT showed different sensitivities
ranging from 53% to 87%.%%5132543 [n a recent meta-analysis
performed by Cheung et al,>® the pooled sensitivity of sesta-
mibi using SPECT was 78.9% (range 64%—90.6%).

Lesion characteristics
Multiple lesion-specific features were found to affect the
scan sensitivity. These included the lesion size, cellularity,
and the presence of P-glycoprotein. In a recent study done by
Takebayashi et al,”” it was observed that sestamibi uptake was
correlated with the size and cellularity of the abnormal para-
thyroid lesions. Another study conducted by Carpentier et al*®
found a positive correlation between sestamibi uptake and the
presence of oxyphil cells in parathyroid adenoma. Thallium
scintigraphy was also shown to detect parathyroid lesions
with higher number of mitochondria-rich oxyphil cells.>* In a
recent retrospective study involving 63 patients, Bleier et al*®
found a statistically significant correlation between sestamibi
uptake and oxyphil-cell-dominant adenomas.
P-glycoprotein or MDR gene expression was found to
limit the sensitivity of the sestamibi scan.®® This may be
attributed to the increased efflux of the radiotracer from the
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cells that express this protein.® Sestamibi scan was also found
to have lower sensitivity in detecting multigland disease com-
pared to single adenoma. In a study involving 651 patients,
Nichols et al*’ found that sestamibi scan sensitivity decreases
as the number of parathyroid lesions increase.’’

Sestamibi kinetics and imaging
Dual-phase protocol using sestamibi is the preferred para-
thyroid imaging technique. It depends on the differential
washout rates of sestamibi from the thyroid and parathyroid
glands. The scan sensitivity is limited in cases with atypical
washout, like rapid parathyroid washout or delayed thyroid
washout.

Rapid parathyroid washout is associated with parathyroid
hyperplasia and P-glycoprotein expression.>%-¢? In these
cases, it is reasonable to modify the scanning protocol to
obtain additional interval images between the standard early
and delayed images. Another useful protocol is to acquire
dynamic images over the neck, followed by static images
every 20 minutes.

Delayed thyroid washout occurs in cases of thyroid dis-
ease such as thyroid adenoma, thyroid carcinoma, multinodu-
lar goiter, and Hashimoto thyroiditis.®> Acquiring extended
delayed images may be helpful in these cases. The addition
of SPECT or SPECT/CT is also helpful in differentiating
the anteriorly located thyroid lesions from the posteriorly
located parathyroid lesions.'? Another useful protocol is to
acquire a thyroid image using either iodine-123 or Tc-99m
pertechnetate and subsequently subtract it from the sestamibi
image to remove the thyroid activity (Figure 2).

Pitfalls

Multiple other causes can result in false positive (FP) and
false negative (FN) results (Table 2). The most common
cause of false positive result is thyroid nodules. Other

Table 2 Causes of false positive and false negative results of
Tc-99m sestamibi scan

False positive causes False negative causes

Thyroid abnormalities Small size

Thyroid nodules Parathyroid hyperplasia
Multinodular goiter
Thyroiditis
Thyroid cancer

Multigland disease
P-glycoprotein (MDR)
Few oxyphil cells
Supraclavicular lymphadenopathy Ectopic adenoma
Lymphoma

Sarcoidosis (thoracic)

Brown tumors

Brown fat

benign and malignant thyroid conditions, like multinodular
goiter, inflammatory thyroiditis, and thyroid carcinoma,
may also result in FP results. Cervical lymphadenopathy,
lymphoma, and sarcoidosis are other possible causes of FP
results.>!? On the other hand, FN results are commonly seen
with small adenoma, parathyroid hyperplasia, multigland
disease, the presence of P-glycoprotein, and in lesions with
few oxyphil cells.!>¢!

Summary

The recent trend to shift from the classical bilateral neck
exploration to the minimally invasive parathyroidectomy had
placed a greater emphasis on the preoperative localization
techniques. Currently, Tc-99m sestamibi dual-phase imaging
is the preferred imaging technique. Atypical washout of the
tracer from the thyroid and parathyroid tissues may result in
FP or FN results. Modification of the standard protocol may
be helpful in these cases. The addition of SPECT or SPECT/
CT improves the anatomical localization and helps in the
differentiation of parathyroid from the thyroid lesions.
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