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8.1

Introduction

The last organ to be recognized in man, the parathyroid
glands, was discovered in 1880 by Ivar Sandstrom, a
Swedish medical student. The discovery attracted little
attention initially. Later, with the uncovering of the re-
lationship of the glands to significant bone disease, in-
terest quickened. In the early 1900s, Jacob Erdheim
demonstrated that the four parathyroid glands were
enlarged in osteomalacia and in rickets and thought it
was a compensatory phenomenon. Subsequently, occa-
sional cases of bone disease were encountered in which
only a single gland was enlarged. In 1915, Friedrich
Schlaugenhaufer suggested that enlargement of a single
parathyroid gland might be the cause of the bone dis-
ease, not its result. The first parathyroidectomy for von
Recklinghausen’s disease of bone was performed by Fe-

lix Mandl in 1925 in Vienna. Subsequently, the parathy-
roid glands were shown to be affected by a number of
primary pathological processes — neoplasia (adenoma
and carcinoma) and hyperplasia (wasserhelle-cell and
chief-cell types) - that resulted in overactivity and re-
quired surgical removal of one or more of them [1].
The frequency of hyperparathyroidism has been in-
creasing in the past few decades. It has also been recog-
nized that this condition has various clinical presenta-
tions and can be associated with normocalcemia or
borderline hypercalcemia. The condition, even with
atypical laboratory findings, is known to be associated
with an increasing number of complications, including
the more recent findings of the resultant neuromuscu-
lar and psychiatric disorders. Accordingly, the manage-
ment of hyperparathyroidism by the proper surgical
approach is crucial. Although the success rate of surgi-
cal excision of abnormal parathyroid glands is high,
certain factors and new developments favor preopera-
tive identification of abnormal glands [2-7]. Exploring
the pathophysiology of the parathyroids can help to en-
hance our understanding of the currently used preop-
erative localization procedures and their future modifi-
cations. Optimal parathyroid scintigraphy requires an
understanding of (a) the embryologic, anatomic, and
physiologic features of the parathyroid glands and (b)
the properties of the two common imaging agents,
9mtechnetium-sestamibi and *™Tc-tetrofosmin. Nor-
mal parathyroid glands are too small to be visualized,
but parathyroid disease often produces visibly enlarged
glands. Enlarged parathyroid glands may be found
near the thyroid gland or outside their expected loca-
tions. Characteristic abnormal scintigraphic patterns
may be described as focal or multifocal, usual or ectop-
ic in location, and associated with a normal or abnor-
mal thyroid gland. Patients who are referred for para-
thyroid imaging should have an abnormal biochemical
profile. The first step in evaluating images of a patient
suspected of having parathyroid disease is to correlate
the normal or abnormal scintigraphic patterns with the
clinical and surgical history. By integrating the inter-
pretative, pathophysiologic and technical data of para-
thyroid scintigraphy, the interpreting physician can be
more confident of establishing a correct diagnosis and
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can precisely guide the surgeon to a single parathyroid
adenoma, multiple parathyroid adenomas, or multig-
land hyperplasia [8].

8.2
Anatomical and Physiological Considerations

Normal parathyroid glands are derived from the pha-
ryngeal pouches, the upper glands from the endoderm
of the fourth pouch and the lower glands from the third
pouch. The parathyroid glands are typically located on
the thyroid gland (Fig. 8.1). Occasionally one or more
glands may be embedded in the thyroid [9]. The nor-
mal position of the superior parathyroids is at the cri-
cothyroid junction, above the anatomic demarcation of
the inferior thyroid artery and the recurrent laryngeal
nerve [10, 11]. The inferior parathyroids are more
widely distributed, with most of them anterolateral or
posterolateral to the lower thyroid gland [11]. The ac-
cessory glands that can be variously located in human
beings, from the cricoid cartilage down into the medi-

e ———— Epiglottis
Thyroid
Superior ~ cartilage
thyroid
artery
l Superior
. — para-
Thyroid ~ thyroid
gland

B Inferior
'} parathyroid

Trachea

Fig. 8.1. Diagram showing typical locations of parathyroid
glands

astinum [12, 13], are derived from the numerous dorsal
and ventral wings of the pouches. Normally, human be-
ings have four glands, but more or fewer than this num-
ber are found in some individuals [2]. Among healthy
adults, 80%-97% have four parathyroids, approxi-
mately 5% have fewer than four glands, and 3%-13%
have supernumerary glands [11].

The normal glands vary considerably in shape and
size between individuals and within the same individu-
al. Because of the variable shapes of the parathyroids,
the diameters vary. The normal glands usually measure
4-6 mminlength, 2 -4 mm in width, and 0.5-2 mm in
thickness. The glands are usually ovoid or bean-shaped
but may be elongated, flattened into a leaf-like struc-
ture, or multi-lobulated [3]. The weight of the glands is
therefore a better estimate of the glandular tissue; they
are usually 30 mg each, with the largest normal gland
not exceeding 70 mg. The relatively new important pa-
rameter, the weight of the functioning parenchyma,
can be calculated from the glandular weight and the
relative proportions of the two main glandular compo-
nents, parenchymal and fat cells. The total weight of the
glands is less than 210 mg and the total parenchymal
cell weight is less than 145 mg [3]. The proportion of fat
cells in the parathyroid glands varies with age, since
they are sparse up to adolescence and increase gradual-
ly to constitute 10% -25% of the glandular volume by
the age of 30: the proportion remains fairly constant ex-
cept when the individual suffers from obesity, which
causes a larger amount of fat cells, as opposed to ca-
chectic persons who have essentially no fat cells. In
normal glands, parenchymal cells are predominantly
chief cells which contain cytoplasmic fat droplets. Oxy-
philic and transitional oxyphilic cells are sparsely pre-
sent in children and young adults and increase to 4% -
5% of the parenchymal cells in old age. These cells tend
to form nodules if they increase in number and have a
very small amount of fat or no fat at all in their cyto-
plasm. Ultrastructurally, oxyphil cells are character-
ized by the presence of closely packed mitochondria
while chief cells contain moderate to high mitochon-
drial content, but also prominent Golgi body and endo-
plasmic reticulum. Water-clear cells are vacuolated
with distended organelles. Each of the three cell types
may contain varying amounts of lipid droplets and re-
sidual bodies.

Table 8.1 summarizes the types of parathyoid cells
and their function.

Parathyroid hormone has four principal actions: (a)
to increase calcium absorption from the gastrointesti-
nal tract; (b) to stimulate osteoclastic activity, resulting
in resorption of calcium and phosphate from bone; (c)
to inhibit phosphate reabsorption by the proximal re-
nal tubules; and (d) to enhance renal tubular calcium
reabsorption. Parathyroid hormone secretion is con-
trolled mainly by the extracellular calcium concentra-
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Table 8.1. Cells of the parathyroid glands and their functions

Cell type Major ultrastructural Function
feature

Chief cell Slightly eosinophilic ~ The active endocrine
cytoplasm, few cell, producing the
mitochondria parathyroid hormone

Oxyphil cell Rich eosinophilic May be able to pro-
cytoplasm, tightly duce parathyroid
packed mitochondria hormone

Transitional ~Less eosinophilic Variant of oxyphil cell

oxyphil cell ~ cytoplasm

Clear cell Unknown, fundamen-

tally inactive

Foamy and water-
clear cytoplasm

tion. The parathyroid cell surface is thought to be
equipped with a cation-sensitive receptor mechanism
through which ambient calcium regulates the cytosolic
calcium (Ca?*i) concentration and parathyroid hor-
mone secretion. Activation of this receptor also causes
activation of protein kinase C [3]. 1,25-Dihydroxycho-
lecalciferol reduces the secretion of parathyroid hor-
mone independent of any changes in calcium concen-
tration. Parathyroid hormone is metabolized in Kupf-
fer’s cells of the liver.

In patients with hyperparathyroidism, pathological
parathyroid cells show defective sensing of ambient
calcium. The cellular basis of this abnormality is un-
known, although increased protein kinase C activity
within abnormal parathyroid cells may be the mecha-
nism. Pathological parathyroid glands also have an in-
creased parenchymal cell content, although the extent
of hypercalcemia appears more closely related to the
defective secretory regulation than to increased paren-
chymal cell mass [5, 14].

8.3
Hyperparathyroidism

Hyperparathyroidism has been diagnosed with in-
creasing frequency in recent years due to awareness of
the disease and to the laboratory advancement that al-
lowed for routine chemistry screening. The condition
is characterized by excess secretion of parathyroid hor-
mone. The resulting biochemical changes, including
increased levels of serum calcium and increased uri-
nary excretion of calcium, may result in calcium wast-
age, nephrocalcinosis, urolithiasis, bone disease, and
neuropsychiatric disturbances. Hyperparathyroidism
may occur as a primary, secondary, or tertiary disease.
It can also occur as eutopic and ectopic disease. In addi-
tion, it may have a familial origin, as in multiple endo-
crine neoplasia (MEN).

8.3.1
Primary Hyperparathyroidism

Primary hyperparathyroidism occurs due to neoplastic
or hyperplastic parathyroid glands or when nonpara-
thyroid tumors such as bronchogenic or renal cell car-
cinomas secrete ectopically parathyroid hormone or a
biologically similar product. The incidence in the USA
has been estimated at approximately 27.7 cases per
100,000 population per year [15]. The condition is more
prevalent in females than males by a ratio of 3 to 1.
More than 80% of patients with primary hyperparathy-
roidism have a solitary adenoma. Hyperplasia - pre-
dominantly of chief cells - occurs in less than 20% of
patients. Parathyroid carcinoma is the cause in less
than 1% of patients, and very rarely the condition is
due to ectopic secretion of parathyroid hormone such
as with renal cell carcinomas.

Primary hyperparathyroidism occurs as part of
MEN. MEN is a hereditary syndrome that involves hy-
perfunctioning of two or more endocrine organs. Pri-
mary hyperparathyroidism, pancreatic endocrine tu-
mors, and anterior pituitary gland neoplasms charac-
terize type 1 MEN. MEN 2A is defined by medullary
thyroid carcinoma, pheochromocytoma (about 50%),
and hyperparathyroidism caused by parathyroid gland
hyperplasia (about 20%). MEN 2B is defined by medul-
lary thyroid tumor and pheochromocytoma. Both
MEN 1 and MEN 2 are inherited autosomal dominant
cancer syndromes. The gene responsible for MEN 1is a
tumor suppressor gene located on chromosome 11.

Primary hyperparathyroidism is the most common
manifestation of MEN-1 (80% occurrence) and is
caused by hyperplasia of all four parathyroid glands.
This is followed by pancreatic islet cell tumors and in-
volvement of the pituitary gland [16-19]. There is a
high frequency of carcinoid tumors of foregut origin
with male predominance for thymic involvement and
female predominance for bronchial lesions [17, 20].
Type 1 MEN has a potentially lethal outcome with hem-
orrhagic peptic ulcer disease and metastatic pancreatic
neoplasms [17]. Primary hyperparathyroidism is also
associated with thyroid pathology in 15%-70% of pa-
tients [21 -28]. This includes thyroid carcinoma, which
has been reported in the range of 1.7%-6.2% (Table
8.2) of patients with primary hyperparathyroidism
[21-31].

8.3.2
Secondary Hyperparathyroidism

Secondary hyperparathyroidism occurs when thereis a
condition causing chronic hypocalcemia such as
chronic renal failure, malabsorption syndromes, die-
tary rickets, and ingestion of drugs such as phenytoin,
phenobarbital, and laxatives, which decrease intestinal
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Table 8.2. Incidence of thyroid cancer among patients with
primary hyperparathyroidism: cumulative literature data

Author Year No. of % with thyroid
patients  cancer

Ogburn [29] 1956 230 4 (1.7%)
Nishiyama [22] 1979 420 13 (3%)
Prinz [23] 1982 351 16 (4.6%)
Hedman [30] 1984 426 25 (5.8%)
Attie [24] 1992 948 31 (3.3%)
Burmeister [25] 1997 700 18 (2.6%)
Sidhu [26] 2000 65 4 (6.2%)
Bentrem [27] 2002 580 12 (2%)
Beus [31] 2004 101 3 (3%)
Total 3821 126 (3.3%)

absorption of calcium. Secondary hyperparathyroid-
ism is simply a compensatory hyperplasia in response
to hypocalcemia. In this condition, reduced renal pro-
duction of 1,25-dihydroxyvitamin D; (active metabo-
lite of vitamin D) leads to decreased intestinal absorp-
tion of calcium, resulting in hypocalcemia. Tubular
failure to excrete phosphate results in hyperphosphate-
mia. Hypocalcemia along with hyperphosphatemia is
compensated for by hyperplasia of the parathyroids to
overproduce PTH [32].

8.3.3
Tertiary Hyperparathyroidism

Tertiary hyperparathyroidism describes the condition
of patients who develop hypercalcemia following long-
standing secondary hyperparathyroidism due to the
development of autonomous parathyroid hyperplasia,
which may not regress after correction of the underly-
ing condition, as with renal transplantation.

834
Eutopic Parathyroid Disease

Parathyroid disease with typical location of glands (eu-
topic) represents 80% -90% of all cases [33]. There is a
relatively fixed location for the superior parathyroids
and they are found close to the dorsal aspect of the up-
per thyroid [10, 11]. On the other hand, inferior para-
thyroids have a more widespread distribution, which is
closely related to the migration of the thymus. Inferior
parathyroids are mostly located inferior, posterior, or
lateral to the lower thyroid [10]. They may be very close
to the thyroid and may be covered by or attached to the
thyroid capsule and are sometimes adjacent to or sur-
rounded by remnant thymic tissue. Interestingly, the
parathyroid glands demonstrate a remarkably constant
symmetry, which is helpful in the surgical exploration
of eutopic disease [11].

8.3.5
Ectopic Parathyroid Disease

Superior parathyroid adenoma may have an abnormal
superoposterior mediastinal position, such as a retro-
pharyngeal, retroesophageal, or paraesophageal site or
the tracheo-esophageal groove. The frequency of ecto-
pia (up to 39%) is similar for the right and left superior
parathyroids [33]. Intrathyroid superior parathyroid
adenomas are rare.

The more common ectopic inferior parathyroids are
a well-established entity responsible for 10% -13% of
all cases of hyperparathyroidism [33]. Ectopic tissue
can occur from the angle of the mandible to the medi-
astinum according to the developmental and migratory
aberrations. These sites include the mediastinum, thy-
mus, aortopulmonary window, carotid bifurcation and
rarely thyroid, carotid sheath, vagus nerve, retroesoph-
ageal region, thyrothymic ligament, and pericardium
[33-36].

8.3.6
Parathyroid Adenoma

Parathyroid adenoma is a benign tumor that is usually
solitary, although multiple adenomas have been re-
ported in a low percentage. The tumor varies in weight
from less than 100 mg to more than 100 g. The most
commonly found adenomas, however, weigh 300 mg-
1 g. The size was found to correlate to the degree of hy-
percalcemia [5].

Microscopically, the vast majority of typical adeno-
mas are formed predominantly of chief cells, although
a mixture of oxyphil cells and transitional oxyphil cells
is also common. Adenomas formed of water-clear cells
are very rare. A rim of parathyroid tissue is usually pre-
sent outside the capsule of the adenoma and can serve
to distinguish it from parathyroid carcinoma. The chief
cells in adenomas are usually enlarged, and their nuclei
are larger and more variable in size than in normal
chief cells. Nuclear pleomorphism may be prominent;
this is not considered a sign of malignancy but a criteri-
on for discriminating adenoma from hyperplasia,
which lacks this feature. The following variants of para-
thyroid adenoma may be recognized:

8.3.6.1
Solitary Adenoma

Solitary adenoma is found in 80%-85% of patients
with primary hyperparathyroidism [11]. There is no
significant predominance in location among the four
parathyroids with each responsible for approximately
25% of all solitary adenomas [33]. The remainder of
parathyroid glands associated with single adenomas
usually have lower weight and parenchymal cell mass
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than the average normal glands and show signs of se-
cretory inactivity on electron microscopy [3].

8.3.6.2
Double or Multiple Adenomas

Double or multiple adenomas occur in up to 12% of
cases of primary hyperparathyroidism [37, 38]. Double
adenomas are bilateral in 55%-88% of cases and are
seen predominantly in patients beyond the 6th decade
of life [39]. These patients have more prominent symp-
toms and usually have higher parathyroid hormone
and alkaline phosphatase levels than those with a soli-
tary parathyroid adenoma or hyperplasia. However,
symptoms and laboratory values do not enable the di-
agnosis of double adenoma. Preoperative detection of
double or multiple adenomas with any imaging modal-
ity is not reliable [40]. ®™Tc-sestamibi scintigraphy has
a sensitivity of less than 37% for detection of multisite
disease [41, 42].

8.3.6.3
Cystic Adenoma

Cystic adenomas are thought to represent central ne-
crosis or cystic degeneration of adenomas and account
for less than 9% of all parathyroid adenomas [43]. Con-
trary to the asymptomatic true parathyroid cysts,
which are due to embryologic vestiges of the third and
fourth pharyngeal pouches or enlargement of micro-
cysts within the parathyroid as a manifestation of col-
loid retention [43, 44], cystic adenomas are frequently
associated with hyperparathyroidism. Cystic adenoma
may not be visualized on sestamibi studies.

8.3.6.4
Lipoadenoma

Parathyroid lipoadenoma, composed of hyperfunc-
tioning parathyroid tissue and fatty stroma [45], is a
rare entity that occurs in patients beyond the 4th de-
cade of life [45]. Compared to typical adenoma, there is
no gender predilection and no difference in terms of
symptoms. On *™Tc-sestamibi studies, the target-to-
background signal ratio of lipadenoma may be low due
to the high adipose content of the tumor [45].

8.3.6.5
Oncocytic Adenoma

In contrast to the typical adenoma that is composed of
chief cells or a mixture of chief, oxyphil or transitional
oxyphil cells, oncocytic adenoma is formed of exclu-
sively oxyphil cells or of more than 80% of such cells. It
is arare subtype and has been reported to be associated
with hyperparathyroidism. It is found in the sixth or

Table 8.3. Classification of parathyroid hyperplasia
Type

Primary hyperplasia Uniform chief cells with some oxy-
phil and transitional oxyphil cells

Major pathological features

Secondary hyperplasia

Diffuse (classic) Cords, sheets, or follicular arrange-

type ment of cells replacing the stromal fat
cells. Oxyphil cells are more frequent
in this type. This type is indistin-
guishable from the primary type

Adenomatous- Cells are grouped in large islands or

nodular type nodules. Necrosis is seen more fre-

quently than in diffuse type

seventh decades and like the typical adenomas is more
common in women [46].

8.3.7
Parathyroid Hyperplasia

Parathyroid hyperplasia affects the glands to varying
degrees, and commonly one or two glands are of nor-
mal size even though microscopic signs of endocrine
hyperfunction, described later, are present, at least fo-
cally, in all glands. Chief cell hyperplasia is the most
common and is composed of chief cells or a mixture of
chief cells and to a lesser extent oxyphil cells. The cells
are arranged diffusely, in nodules, or there is a mixture
of both patterns. Water-clear cell hyperplasia is rare
and is characterized by substantial enlargement of
most parathyroid glands. The large water-clear cells are
usually arranged in a diffuse pattern.

In primary hyperparathyroidism, hyperplasia af-
fects the glands asymmetrically. In secondary hyper-
parathyroidism, the hyperplastic glands are more uni-
formly enlarged than with primary chief cell hyperpla-
sia, with two histological types (Table 8.3). In the ter-
tiary form, the glands are more often markedly and
asymmetrically enlarged with frequent prominent pa-
renchymal cell nodules.

Pathologically, it is difficult to differentiate primary
chief cell hyperplasia of only one gland from adenoma.
Both contain large numbers of active chief cells with
cells characterized by aggregated arrays of rough endo-
plasmic reticulum and a large, complex Golgi apparatus
with numerous vacuoles and vesicles. Secretory gran-
ules are frequently present in these cells. These changes
indicate that most of these cells are in the more active
phases of parathyroid hormone synthesis and secretion
[47]. Molecular biology techniques used on pathologi-
cal parathyroid tissue have shown that cell proliferation
is monoclonal in many sporadic adenomas and in the
largest glands of multiple endocrine neoplasia type I.
This monoclonality has not been found in the smaller
parathyroid glands of multiple endocrine neoplasia or
in sporadic hyperplasia. Additionally, rearrangement of
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parathyroid hormone gene in chromosome 11 was ob-
served in sporadic adenomas [48].

8.3.8
Parathyroid Carcinoma

Parathyroid carcinoma is a rare cause of hyperparathy-
roidism which can arise in any parathyroid gland, in-
cluding ectopic and mediastinal, although the usual
site of involvement is the normally located parathy-
roids. The tumor is found predominantly in patients
between the ages of 30 and 60 years, with no sex prefer-
ence, and is usually functioning. The tumors tend to be
larger than adenomas and appear as lobulated, firm,
and uncapsulated masses that often adhere to the sur-
rounding soft tissue structures [49]. The involved
glands usually weigh more than 1 g and the diagnosis is
restricted histologically to the lesions displaying infil-
trative growth into vessel or capsule, since pleomor-
phism can be seen in many adenomas.

839
Hyperfunctioning Parathyroid Transplant

Autotransplantation of parathyroid tissue is performed
in cases of recurrent, persistent type 1 MEN and symp-
tomatic secondary hyperparathyroidism [19] in associ-
ation with total parathyroidectomy. After total parathy-
roidectomy, the most normal glands, usually one or
two, are used for the graft. They are diced into small
fragments approximately 1-2x 1x 1 mm, with each
fragment placed in an individual bed beneath the mus-
cle sheath and between muscle fibers [19, 50]. The graft
consists of a cluster of 10-25 parathyroid fragments.
The remainder of the healthy gland (or glands) is cryo-
preserved for potential retransplantation [19, 40, 50].
Graft may be placed into the brachioradial muscle or
flexor muscle group of the forearm or into the sternoc-
leidomastoid muscle. A graft site in the forearm is pre-
ferred for accessibility for laboratory work-up of para-
thyroid hormone levels and surgical reexploration in
cases of recurrent hyperparathyroidism [19]. The graft
may be functional in 8 -9 days after surgery [39].
After autotransplantation, recurrent hyperparathy-
roidism occurs in approximately 14% of cases [51]. The
hyperfunctioning transplant is a possible cause as is re-
sidual or ectopic diseased parathyroid tissue. A hyper-
functioning graft in the forearm is easily demonstrated
with Doppler US or **™Tc-sestamibi scintigraphy [19, 52].

8.4
Consequences of Hyperparathyroidism

Excess secretion of parathyroid hormone promotes
bone resorption and consequently leads to hypercalce-

mia and hypophosphatemia. The clinical presentation
and complications of hyperparathyroidism depends on
the rapidity of development and the degree of hypercal-
cemia. The following abnormalities may occur:

® Genitourinary: nephrolithiasis, nephrocalcinosis,
renal insufficiency, polyuria, nocturia and de-
creased urine concentrating ability.

® Gastrointestinal: Nausea, vomiting, constipation,
increased thirst, loss of appetite, abdominal pain,
peptic ulcers, heartburn (hypercalcemia causes in-
creased gastric acidity) and pancreatitis.

® Musculoskeletal: myopathy, muscle weakness, oste-
oporosis, osteomalacia, bone and joint pains, renal
osteodystrophy and pseudogout. In all forms of hy-
perparathyroidism there is increased bone resorp-
tion associated with increased osteoblastic activity,
leading to increased uptake of bone-seeking radio-
pharmaceuticals. See also Chapter 6.

® Neuropsychiatric: Memory loss, anxiety, sleepiness,
confusion, lassitude, coma, depression, impaired
thinking and psychosis.

® Others: Fatigue, hypertension, pruritis, metastatic
calcification including cardiocalcinosis and band
keratopathy (present in the medial and lateral as-
pects of the cornea).

The five disease specific symptoms are muscle weak-
ness, polydipsia, dry skin and itching, memory loss and
anxiety. Overall the symptoms, particularly the disease
specific ones, show significant decline after successful
parathyroidectomy [53].

8.5
Management of Hyperparathyroidism

Routine blood chemistry screening has been behind
the recent increase in the recognition of hyperparathy-
roidism. Surgery is the major and only current curative
modality in treating primary hyperparathyroidism. It
is recommended for all patients who are operative can-
didates and for many asymptomatic patients. Parathy-
roidectomy is successful in more than 90% of cases in
experienced hands, based on intraoperative localiza-
tion by the surgeon. Identifying the glands can be diffi-
cult, however, particularly with removal of multiple
glands and with reoperation [54]. Three important fac-
tors contribute to successful surgical explorations: cor-
rect preoperative diagnosis, accurate preoperative lo-
calization of abnormal glands, and meticulous surgical
technique [2]. Although the success rate is high in expe-
rienced hands, up to 25% of the initial explorations fail
because the abnormal glands cannot be located. Pro-
longed exploration was also found to result in a high in-
cidence of recurrent laryngeal nerve damage [54]. Sur-
gical reexploration with violated anatomy is even more
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difficult and hazardous, and can often be unrewarding.
Preoperative localization of parathyroid lesions is thus
desirable to reduce the incidence of missed lesions and
to help avoid prolonged neck exploration. Since sur-
geons’ experience with neck exploration is dwindling
due to the reduced incidence of thyroid surgery with
the expanding use of iodine-131 for therapy of hyper-
thyroidism, preoperative localization of parathyroid le-
sions is even more important than before.

In recent years, minimal access parathyroid sur-
gery(small incisions with gamma probe or endoscopic
assistance) is increasingly becoming the operation of
choice for single parathyroid adenomas [55]. Com-
pared with bilateral neck exploration it has a shorter
hospital stay, less morbidity, and better cosmetic result
[56]. The development of this minimally invasive surgi-
cal technique has placed an even greater emphasis on
preoperative localization [57]. The forms that preoper-
ative localization can take include computed tomogra-
phy (CT), ultrasound, magnetic resonance imaging
(MRI), arteriography, selective venous sampling,
9mTc-sestamibi (MIBI) scintigraphy, '*F-fluorodeoxy-
glucose positron emission tomography (FDG PET) and
UC-methionine PET.

8.6
Preoperative Localization

Several imaging and nonimaging modalities have been
used to localize the abnormal glands and guide the sur-
geon. Invasive techniques include arteriography and se-
lective venous sampling via neck vein catheterization.
Although these techniques are reliable, they are expen-
sive, time consuming, technically difficult, and involve
some risks. Noninvasive techniques are many, indicat-
ing that none is ideal. In general, older noninvasive
techniques such as barium swallow, thermography, ul-
trasound, computerized tomography, and scintigraphy
using selenomethionine-75 have not been considered
very useful for preoperative localization. The morpho-
logic imaging modalities, such as CT, ultrasound and
MRI, have the disadvantage that they cannot distin-
guish functional parathyroid tissue from other types of
tissue. However, they provide excellent image resolu-
tion and contrast. Overall their accuracy is inadequate
and varies. Ultrasound, for example, has a wide range of
accuracy, with a range of sensitivity between 36% and
76%. Computed tomography has a similar range, be-
tween 46% and 76%. More recently, MRI has also been
used with a reported sensitivity of 50% -78% [58-62].
The most sensitive technique is the use of MIBI scintig-
raphy, with reported sensitivities of approximately 90%
[63]. Several other nuclear medicine techniques have
been used including thallium-201, ™ Tc-pertechnetate,
9mTc-tetrofosmin (Myoview), ™ Tc-sestamibi and PET.

Some advocate the use of both *™Tc-sestamibi and ul-
trasound to confirm abnormal parathyroid tissue
[64-66]. When the use of both techniques is compre-
hensive, this may not be a cost-effective approach for
primary hyperparathyroidism [67]. Many, including
our institution, use only *™Tc-sestamibi if this test lo-
calizes the site of parathyroid hyperactivity.

8.6.1
Scintigraphic Imaging Localization

Since a single parathyroid adenoma is the underlying
pathology in more than 80% of cases of primary hyper-
parathyroidism, there would be no need to explore
both sides of the neck with potentially increased mor-
bidity if a sensitive imaging modality could localize the
abnormal gland preoperatively. Although experienced
neck surgeons can achieve a high success rate of para-
thyroidectomy after bilateral neck exploration without
prior localizing study [2, 3], a preoperative localization
study would decrease operative time and morbidity
and is frequently needed for the minimally invasive
surgical approach that is currently practiced with in-
creasing frequency.

Scintigraphy using *™Tc-sestamibi is currently the
preferred nuclear medicine method for parathyroid im-
aging. It is the most sensitive and cost-effective modali-
ty for preoperative localization of hyperfunctioning
parathyroid tissue [4-6]. If a single parathyroid adeno-
ma is detected, a unilateral scan-directed neck explora-
tion can be performed. Due to a wide variation in scinti-
graphic techniques [7, 14], the reported sensitivities of
MIBI scan range from 80% to 100%. This radiopharma-
ceutical is a cationic and lipophilic isonitril derivative
that was shown to be taken up by abnormal parathyroid
cells. Although the exact mechanism is not fully under-
stood, mitochondria have been implicated in its uptake
by parathyroid cells [68]. P-glycoprotein, a membrane
transport protein encoded for by the multidrug resis-
tance (MDR) gene, may also be additionally responsible
for uptake, since it transports other products with
structural similarity to *™Tc-sestamibi [69]. The up-
take and retention of ®™Tc-sestamibi by the abnormal
neoplastic and hyperplastic lesions are probably due to
the alterations in the biology of the abnormal parathy-
roid cells, as noted earlier, and mitochondria are proba-
bly the site of retention. The size of the lesions is also an
important factor in their visualization but cannot alone
explain the uptake and retention. This rationale is
strengthened by the observation that some large adeno-
mas are occasionally not visualized while small ectopic
implants are seen by the technique [68]. In a recent
study, Takebayashi et al. found the size and the cellulari-
ty of the abnormal gland to correlate with its sestamibi
uptake [70]. The authors found a significantly higher
count ratio in high cellular glands than in low cellular
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ones on either early or delayed images. Bénard et al.
[71] reported a large adenoma which was missed on
MIBI scan seemingly due to a rapid washout along with
the presence of a few oxyphil cells. One study which
correlated thallium-201 scintigraphy with ultrastruc-
tural alterations in hyperfunctioning parathyroid le-
sions, has suggested that the ability of this scan to local-
ize the abnormal glands might depend upon the
amount of mitochondria-rich oxyphil cells [72]. Gener-
ally speaking, the uptake mechanisms of thallium-201
and *™Tc-MIBI differ significantly. That of thallium
depends predominantly on Na* and K* ATPase pump
while *™Tc-MIBI uptake has been related to the mit-
ochondria. Accordingly, the findings regarding the cor-
relation of thallium uptake by parathyroid adenomas
and ultrastructural changes may not be applicable to
9mTc-MIBL

Fig. 8.2. Electron microscop-
ic photograph of a parathy-
roid adenoma showing cell
packed with mitochondria

Carpentier et al. [73] reported positive correlation
between MIBI uptake on delayed images with oxyphil
cells in parathyroid adenomas. Other studies did not
find a correlation between the degree of hypercellulari-
ty of oxyphil cell and MIBI uptake [74] or a relation be-
tween the percentage of chief and oxyphil cells and
scintigraphic findings [75].

Parathyroid lesions detected by 2°'T1 scintigraphy
have been shown to have significantly higher num-
bers of mitochondria-rich oxyphil cells compared
with nonvisualized lesions, indicating further that the
uptake depends in part on the metabolic activity of
the lesion [76]. Recently our group found that the
amount of mitochondria (Fig. 8.2) in adenoma cells
correlates with the degree of uptake [77]. Significant
P-glycoprotein or multidrug resistance-related pro-
tein expression was reported to limit the sensitivity of

Fig. 8.3. ™Tc-sestamibi
study acquired 15 min and
90 min post-injection. The
delayed image shows differ-
ential clearance of activity
from the thyroid gland with
retained and intense uptake
by a large parathyroid ade-
noma of the same patient in
Fig. 8.2

S X e
S

Delayed
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#mTc-MIBI imaging in localizing parathyroid adeno-
mas [78].

Although the activity per gram of tissue in thyroid
and parathyroid gland is higher with 2°'Tl- than with
9mTc_sestamibi, the slower washout of sestamibi from
parathyroid lesions results in a higher target-to-non-
target ratio than with 2°'T1 [68]. Since the activity in the

lesion compared with that in the surrounding tissue af-
fects image contrast, one would expect to distinguish
parathyroid lesion from thyroid tissue (Fig. 8.3) better
with sestamibi [79] and allow for smaller gland localiza-
tion. In our experience, switching from 2°!T] to *™Tc-se-
stamibi resulted in a significant improvement of the ac-
curacy in localizing parathyroid lesions preoperatively.

3 DELANT

Ant.

HIMI HEE

DL 3HRS

Fig. 8.4. ®™Tc-sestamibi parathy-
roid localization study showing
retained activity in a large para-
thyroid adenoma (arrow) located
in left superior position

Fig. 8.5. Hyperplastic parathyroid
glands (arrows) with persistent
uptake on delayed *™Tc-sestami-
bi image
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Parathyroid scintigraphy is not a screening study to
be used in each patient with hypercalcemia of un-
known etiology. It should be reserved for localization
in patients with biochemically proven hyperparathy-
roidism. Since parathyroid glands can be found ectopi-
cally, the search for abnormal parathyroid lesions
should include the mediastinal area. Techniques that
are based on subtraction such as 2'T1-/*™Tc-pertech-
netate are not currently preferred, due to the technical
problems associated with subtraction [80, 81]. With the
use of *MTc-sestamibi, the radiopharmaceutical is in-
jected intravenously and planar images of the neck and
chest are obtained at 15 min post-injection with mark-
ers of the suprasternal notch, thyroid cartilage, and xi-
phosternum. Based on the findings, pinhole images of
the neck and possibly other areas suspected of having
an abnormality are acquired (Figs. 8.4 - 8.6). Images are
repeated at 2-3 h post-injection, and SPECT is an op-
tion when needed for better localization of an abnor-
mality at the discretion of the physician (Fig. 8.7). For
planar imaging pinhole collimation is superior to par-

Fig. 8.6a-d. Functioning parathyroid
carcinoma. A 45-year-old female was
referred for bone scan to evaluate
the cause of generalized bony pains.
The study (a) showed generalized in-
creased bone uptake particularly in
the calvarium, indicating metabolic
bone disease. Parathyroid hormone
was found to be high and **™Tc-se-
stamibi (b-d) was obtained and
showed a focus of increased uptake
on early image (b) with retention of
activity on delayed image (c). *™Tc-
pertechnetate thyroid scan (d) shows
a solitary cold nodule corresponding
to the finding on sestamibi study
and was proved to be parathyroid
carcinoma a

allel hole collimation [82]. This early and delayed imag-
ing technique is preferred, since the initial uptake by
normal thyroid tissue clears while the radiopharma-
ceutical is usually retained by the abnormal parathy-
roid cells. This also obviates the need for additional
thyroid images using *™Tc-pertechnetate or I with
or without subtraction, which are reserved for occa-
sional cases. ®™Tc-tetrofosmin is also being used for
scintigraphic localization [83].

Recently PET has been investigated for localizing
parathyroid glands. Initial studies using FDG showed
conflicting results in imaging the parathyroid glands
in primary hyperparathyroidism [84, 85]. !C-methio-
nine PET was suggested to be more promising than
FDG in parathyroid localization. Sundin et al. [86]
studied 32 patients with primary hyperparathyroid-
ism, and reported a sensitivity of 85% for proper lo-
calization with C-11 methionine. Cook et al. [87] in 8
patients with persistent or recurrent hyperparathy-
roidism after surgery found that 'C-methionine PET
showed all the abnormal parathyroid glands correctly.
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Fig. 8.7a—c. ®™Tc-Sestamibi

parathyroid localization
study showing retained ac-
tivity in a parathyroid ade-
noma (arrow) in the left low-
. er pole. SPECT study was

obtained. Representative
coronal images illustrate the
abnormal uptake at the ade-
- noma seen on planar images
(arrowheads)

More recently Beggs reported a sensitivity of 83%, a
specificity of 100% and an accuracy of 88% in success-
fully locating parathyroid adenomas among 51 patients
presenting with hyperparathyroidism, and in whom
other imaging techniques including **™Tc-MIBI had
failed to definitely identify the site of adenoma. Most
false negatives were due to adenomas in the lower me-
diastinum that was outside the area of scanning [88].
The protocol for the most popular imaging study
#mTc-sestamibi parathyroid scintigraphy varies, but in
general the technique currently accepted by most re-
searchers is to acquire early static imaging 15 min fol-

lowing injection of 20 mCi *™Tc-MIBI using a pinhole
collimator for the anterior neck and a parallel hole col-
limator for imaging the mediastinum. This is repeated
2-3 h later. Some may still use early dynamic imaging
(one frame/min for 60 min) upon iv. injection of
20 mCi *™Tc-MIBI using a large-field-of-view gamma
camera and a parallel hole collimator. The field should
include the neck and mediastinum up to the upper
margins of the heart. This dynamic imaging is then fol-
lowed by planar static images of neck and mediastinum
every 20 min until the complete or significant clearance
of the radiotracer from the thyroid gland. Advocates of



8.6 Preoperative Localization

233

Fig. 8.8a—c. “™Tc-Sestamibi
study shows increased up-
take in the left inferior lower
pole on early image (a) with
retention of activity on de-
layed image (b). Iodine-123
4-h study (c) acquired on the
same day following the sesta-
mibi study shows no thyroid
abnormalities. This example
illustrates the occasional dif-
ficulty in differentiating
parathyroid pathology from
thyroid abnormalities on se-
stamibi studies

Early Tc99m MIBI

a b

Fig. 8.9a,b. Dual tracer study using **™Tc-pertechnetate for thy-
roid scan (a) followed next day by *™Tc-Myoview acquired as
a single early acquisition (b). Comparing the two images clear-
ly shows right sided localized accumulation of Myoview with
no matching finding on pertechnetate scan. A large parathy-
roid adenoma was found. This method was reported in a pre-
liminary experience to be easy for interpretation and has high
accuracy. (Courtesy of Dr Sahar A-Sobaie)

this protocol think that uptake in some abnormal para-
thyroid glands shows fast clearance in less than 2 h
post-injection. The variable behavior of abnormal
parathyroid glands is due to the varying ultrastructure
of the cells, the various combinations of cell types, and
their biological activity. '*I (Fig. 8.8) or pertechnetate
(Fig. 8.6) thyroid imaging for comparison or subtrac-
tion is only occasionally needed on an individual basis
(e.g., presence of thyroid nodule). If the presence of
thyroid pathology is known or suspected clinically, one
starts with a thyroid scan to define the morphology and
localize the thyroid by injecting 1 mCi *™Tc-pertech-
netate i.v., and the neck is imaged 15 min later.

SPECT imaging has been used routinely or as option-
al. The study is usually performed acquiring 64 frames
(32 x 2 in case of using dual head camera), 30 s each us-
ing a matrix of 128 128 with a circular orbit of 360 de-
grees. The field of view encompasses the neck and tho-
rax [39]. The additive value of SPECT is controversial
[89]. Studies using SPECT showed sensitivities of 53%,
87%, 81%, 57% and 73% respectively [84, 90-93]. It is
difficult to know why reported sensitivities differ so
much. The low sensitivity reported by De Feo et al. [92]

Anterior

Delay Tc99m MIBI

may be secondary to the use of low-dose sestamibi
(240 MBq (6.5 mCi) compared with 370-740 MBq
(10-20 mCi) for other studies), although Neumann et
al. [84] used 740 MBq (20 mCi). The timing of imaging
after sestamibi injection may affect sensitivity, but there
is no consensus in the literature about optimal timing.
Neumann et al. [84] imaged at 10 min, Bonjer et al. [91]
at 30 min, De Feo et al. [92] at 10 and 90 min, Kliegler
and O’Mara [94] at 30 min and 2 h, Mazzeo et al. [95] at
30 min and 3 h and Slater at 2 h [93]. Tertrofosmin has
been also used in a 2-day protocol using *™Tc-pertech-
netete imaging of thyroid and single acquisition of
99mTc-Myoview next day. Comparing the activity of both
scans (Fig. 8.9) obtained 15 min post-injection facili-
tates detecting focal activity of parathyroid adenomas
and hyperplastic glands with high accuracy.

A recent study found that parathyroid sestamibi
SPECT scan interpretation by a nuclear medicine phy-
sician with an endocrine surgeon resulted in improved
accuracy of gland localization and lateralization com-
pared to a nuclear medicine physician reading alone.
This improvement may be due to increased awareness
of clinical data and head-and-neck anatomy [93].

8.6.2
Intraoperative Probe Localization

Localization using intraoperative gamma probe (Fig.
8.10) has recently gained popularity [96]. The patient is
injected 2 h before surgery and the probe is used to de-
tect the higher level of activity after exploration by the
surgeon. On the day of surgery, the patients receive the
same dose of MIBI as for imaging and are taken to the
operating room. Prior to skin incision, counts over four
quadrants in the neck as well as over the mediastinum
are obtained using a gamma probe [97].

8.6.3
Atypical Washout of Radiotracer

As outlined the diagnosis of parathyroid tumor with
99mTc-sestamibi scintigraphy is based on the differen-
tial washout rate between the thyroid and diseased
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Fig. 8.10. The gamma probe used for intraoperative localiza-
tion of parathyroid glands in patients with biochemically
proven hyperparathyroidism

parathyroids. Atypical radiotracer clearance whether
fast parathyroid or delayed thyroid gland washout will
limit the efficacy of detection of parathyroid disease
with dual-phase *™Tc-sestamibi scintigraphy as well as
using the intraoperative probe.

Early parathyroid washout is frequently seen in
parathyroid hyperplasia; the detection rate for this en-
tity is approximately half of that for parathyroid adeno-
ma [52]. Scintigraphy performs worse in cases of multi-
site hyperplasia, in which only the most prominent ra-
diotracer-avid gland is visualized. In addition, rapid
washout from a parathyroid adenoma has been attrib-
uted, without unanimous confirmation, to the histolog-
ic composition of the adenoma [25, 52]. Modifying the
imaging protocol with additional interval scanning be-
tween the standard 15-min and 2 -4-h acquisitions may
be helpful in demonstrating rapid washout.

Delayed radiotracer washout from the thyroid pa-
renchyma makes dual-phase scintigraphic assessment
difficult. It was observed that the delay varies and sig-
nificant washout may not occur even several hours af-
ter injection of the radiotracer. This retention of *™Tc-
sestamibi occurs in thyroid diseases such as multino-
dular goiter, Hashimoto thyroiditis, thyroid adenoma,
and thyroid carcinoma owing to the hypermetabolic
characteristics of these diseases [41, 98, 99]. Extended
delayed-phase imaging of *™Tc-sestamibi along with
in-depth clinical examination may be useful in diagno-

Table 8.4. Causes of false-positive *™Tc-sestamibi [41, 52, 101,
102]

Lymph nodes
Supraclavicular
Axillary

Hyperplastic thymus?®

Sarcoidosis®

Carcinoid tumor

Malignant tumors

2 Confused with an intrathymic or mediastinal parathyroid
adenoma
b Thorax

sis of concomitant thyroid and parathyroid disease
[100].

As rapid washout and small size of parathyroid
glands would cause false negative localization studies,
several pathologies can also cause false positive studies
(Table 8.4).

8.7
Summary

To understand the various scintigraphic patterns of
parathyroid disease, it is important to understand
parathyroid embryology and anatomy. Although expe-
rienced neck surgeons can achieve a high success rate
of parathyroidectomy after bilateral neck exploration
without prior localizing study [2, 3], a preoperative lo-
calization study would decrease operative time and
morbidity and is frequently needed for the minimally
invasive surgical approach that is currently practiced
with increasing frequency. The most commonly used
and most cost effective modality for preoperative local-
ization is ®™Tc-sestamibi and alternatively *™Tc-Myo-
view. The technique is being used before the initial sur-
gery but is most clearly indicated for the preoperative
evaluation of recurrent or persistent hyperparathy-
roidism. SPECT and particularly pinhole acquisition
are valuable to improve the accuracy of localization. In-
traoperative gamma probe localization is increasingly
used also along with the minimally invasive surgical
approach. The spectrum of parathyroid disease dem-
onstrated with *™Tc-sestamibi scintigraphy includes
eutopic disease, ectopic disease, solitary adenoma,
double or multiple adenomas, cystic adenoma, lipoade-
noma, multiple endocrine neoplasia, hyperfunctioning
parathyroid transplant and others. The diagnosis of
parathyroid tumors with *™Tc-sestamibi scintigraphy
is based on the difference in clearance rates between
the thyroid and diseased parathyroid glands, and any
condition that interferes with radiotracer clearance will
limit the effectiveness of the study. Atypical washout is
one of the known entities that can limit the accuracy of
these stuidies and it is probably related to the mito-
chondrial contents of the cells of the abnormal glands.
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Adding thyroid scan and ultrasonography improves re-
sults but is not cost effective enough to be a routine
practice.

Subtraction #™Tc-sestamibi, iodine-123 scintigra-

phy or more recently PET may be helpful in difficult
cases.
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