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Introduction

Preoperative parathyroid localization is the sine
qua non of minimally invasive parathyroidec-
tomy. Fortunately, there are several effective
imaging modalities available today for precise
localization of parathyroid disease. While the
normal parathyroid gland still eludes visualiza-
tion other than by open surgical identification,
the enlarged parathyroid gland can be identified
by noninvasive imaging techniques in the great
majority of patients. Prior to the advent of these
imaging modalities, bilateral cervical explora-
tion was considered the gold standard. Ironically,
some of the most ardent former critics of localiz-
ing studies, who defended routine bilateral para-
thyroid exploration, are the very same surgeons
who currently market and practice a focused
approach to parathyroidectomy that is depen-
dent on accurate preoperative localization. Over
the past several decades, with the use of imaging
methods that enable mapping of disease, a mini-
mally invasive surgical approach to treating para-
thyroid disease has come to represent the most
common practice. Limited exploration, with a
focal (single gland) or unilateral (single side)
approach, is now the most frequent approach.
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Approximately 83 % of patients have four
parathyroid glands: two inferior glands and two
superior glands. Another 13 % have more than
four glands (supernumerary parathyroids), and
3 % of patients have fewer than four glands. The
superior glands arise from the fourth brachial
pouch, along with the thyroid gland. They
descend during embryonic development into the
neck alongside the thyroid gland and are rarely
ectopic. They are typically located posterior to
the upper-mid pole of the thyroid gland. They are
more rarely located posterior to the esophagus or
pharynx, in a deep, descended location.

The inferior glands arise from the third bra-
chial pouch, along with the thymus. These glands
have a longer descent and are more variable in
position, with 35 % present at ectopic locations
along the thymopharyngeal duct course. They are
found at the inferior pole of the thyroid gland
about two-thirds of the time and are at an ectopic
location, anywhere from the angle of the mandi-
ble to the lower mediastinum, in the remaining
cases. Due to their close proximity to the thyroid
gland, the parathyroid glands may be covered by
or attached to the thyroid capsule, resulting in
intracapsular or intrathyroid location.

Primary hyperparathyroidism is due to idio-
pathic enlargement and hypersecretion of one or
more parathyroid glands. The majority (about
85 %) of patients with primary hyperparathyroid-
ism have a single adenoma, namely, a benign
neoplasm of any one of the parathyroid glands. A
smaller subset (about 15 %) of patients has mul-
tigland disease, including hyperplasia of all of
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their parathyroid glands or hyperfunction due to
two or more simultaneous parathyroid adenomas.
A typical parathyroid adenoma is about
10-30 mm in length, while a normal gland usu-
ally measures about 5x3x1 mm. Hence, on
imaging, a parathyroid adenoma is often identi-
fied as a round or oval mass that is well circum-
scribed, solid, and hypervascular. Likewise on
imaging, lymph nodes, thyroid nodules, parathy-
roid cysts, the esophagus, and (rarely) parathy-
roid cancers may be mistaken for adenomas.

Preoperative localization of parathyroid dis-
ease is essential for a minimally invasive para-
thyroidectomy. It reduces operating room time
and limits dissection while aiding in identifica-
tion of multigland or ectopic disease, particularly
in the mediastinum, that may not be amenable to
a minimally invasive approach. Although imag-
ing is very useful for identifying disease, it must
be remembered that a positive finding on imag-
ing does not confirm diagnosis, while a negative
finding cannot rule out the existence of disease.
In addition, the use of imaging modalities for
parathyroid disease should be limited to patients
who have a biochemical diagnosis of primary
hyperparathyroidism.

There are a variety of noninvasive and inva-
sive imaging studies that are available both for
initial evaluation of patients and for patients with
persistent or recurrent disease. The most com-
mon noninvasive studies include ultrasonogra-
phy, nuclear scintigraphy scans that utilize
sestamibi, computed tomography (CT), and mag-
netic resonance imaging (MRI), with variations
of each type of study available. Invasive studies
include fine-needle aspiration (which can be
guided by ultrasound or CT), parathyroid angiog-
raphy, and selective venous sampling for parathy-
roid hormone gradient.

Ultrasound

Ultrasonography is a highly useful tool in the
preoperative evaluation of patients with parathy-
roid disease. It is cost effective and noninvasive,
performed efficiently, does not require any prepa-
ration, and does not introduce the patient to any
radiation exposure. High-frequency (7 MHz or
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greater), high-resolution ultrasonography pro-
vides detailed anatomic information on enlarged
parathyroid glands as well as concomitant thy-
roid disease, if present. Ultrasonography also
reveals dynamic as well as three-dimensional
detail regarding parathyroid position.
Ultrasonography has demonstrated sensitivities
of 77-96 % and positive predictive values of
74-98 % in identifying parathyroid adenomas.
Ultrasonography has been shown to be more sen-
sitive than nuclear medicine imaging for multi-
gland parathyroid disease, and accuracy rates for
surgeon-performed ultrasonography have been
some of the highest cited (up to 91 %).

On ultrasound, as with other imaging modali-
ties, normal parathyroid glands are not visualized
due to their small size and similarity to surround-
ing tissues. The sonographic appearance of a
typical parathyroid adenoma is a solid, homoge-
nous, hypoechoic mass, which is in distinction to
the more hyperechoic thyroid tissue (Fig. 14.1).
The adenoma is typically adjacent to the thyroid
gland and medial to the carotid artery. It is often
bean or oval shaped but can also be multilobu-
lated, depending on its size. It is highly vascular,
and if color Doppler is used, an extrathyroidal
peripheral feeding vessel with a rim of vascular-
ity around the adenoma may be visualized
(Fig. 14.2).

Limitations of ultrasound include its area of
coverage, as it is limited to the neck region, and
the fact that it is highly operator dependent.
Surgeon-performed ultrasound has been shown
to be equal or superior to non-clinician-performed
ultrasound for parathyroid localization, a fact that
makes intuitive sense since the surgeon is ulti-
mately responsible for the success or failure of
the operation and cure of the disease. In addition,
ultrasound offers real-time imaging with greater
anatomic detail, as compared to scintigraphy.
However, there is limited identification of
retrosternal and retrotracheal disease. Another
shortcoming is its use in obese patients and in
patients with short necks or limited neck exten-
sion, as well as those with nodular thyroid dis-
ease, in whom it is much more difficult to obtain
an adequate view to identify adenomas.

It can be difficult to distinguish small lymph
nodes from diseased glands based solely on
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Fig. 14.1 Gray-scale ultrasound (left) and color Doppler
ultrasound (right), both showing transverse view of a left
inferior parathyroid adenoma, situated between the tra-
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chea and the carotid artery. A typical parathyroid adenoma
is a solid, homogenous, hypoechoic mass

Fig.14.2 On color Doppler ultrasound, an extrathyroidal peripheral feeding vessel and a rim of vascularity around the

adenoma are typically seen (transverse and sagittal views)

ultrasound. The use of ultrasound in combina-
tion with other imaging modalities, especially
the sestamibi scan, is common and in fact pre-
ferred by many surgeons. A parathyroid ade-
noma identified both on sestamibi scan and on
ultrasound imaging is highly specific. Combining

the two modalities, a false-negative rate as low
as 2 % has been found, as compared to 23 %
with ultrasound alone and 12 % for sestamibi
alone. Ultrasound is also useful for guiding fine-
needle aspiration (FNA) of a lesion, as described
below.
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Subtract

Fig. 14.3 In subtraction imaging, the image from the
uptake of the thyroid-specific radionuclide (in this case,
Tc-99m pertechnetate, left) is subtracted from the para-

Sestamibi Scan

Developed in the early 1990s, sestamibi parathy-
roid scanning is now widely available. This imag-
ing modality, comprised of several different
nuclear scintigraphic techniques, is the most
popular procedure used for parathyroid localiza-
tion and is collectively the most accurate, with a
sensitivity and specificity of greater than 90 %
for identifying parathyroid disease. Sestamibi
scanning is particularly useful for identifying
ectopic disease and has been shown to be more
reliable for adenoma localization in patients with
lower levels of vitamin D.

Often used in conjunction with ultrasound,
this combination is highly reliable, as an ultra-
sound can anatomically identify a possible ade-
noma, while a nuclear medicine scan can
differentiate it functionally from a lymph node or
thyroid mass.

Tc-99m sestamibi is a lipid-soluble myocar-
dial perfusion tracer that accumulates in the
mitochondria of cells. Parathyroid adenomas are
very vascular and have a high concentration of
oxyphilic cells, which have increased mitochon-
drial content, increasing their sestamibi uptake.
The sestamibi isotope, which emits gamma rays,
is retained longer in the parathyroid adenoma
cells than the adjacent thyroid due to this
increased mitochondrial content. Thus, there is

thyroid/thyroid radionuclide (Tc-99m MIBI) image,
resulting in an estimation of parathyroid tissue uptake
(right)

focal increased uptake on early and delayed
images taken with a gamma camera in an ade-
noma, as compared to other surrounding tissue.
The two most common techniques used are sub-
traction imaging and dual-phase imaging.
Subtraction imaging can be especially helpful if a
thyroid mass is present. Dual-phase imaging is
less affected by motion artifact, making it a better
option for SPECT imaging.

In subtraction imaging, both a thyroid-specific
radionuclide and a thyroid- and parathyroid-
specific radionuclide are administered. The most
commonly used thyroid-specific radionuclides
are either iodine-123 ('*’I) or Tc-99 m sodium
pertechnetate. The image from the uptake of the
thyroid-specific radionuclide is subtracted from
the parathyroid/thyroid radionuclide (Tc-99m
sestamibi) image, resulting in an estimation of
parathyroid tissue uptake (Fig. 14.3).

In the dual-phase technique, visualization of
parathyroid adenomas is based on differential
washout. In this process, initial images are taken
10 min after intravenous infusion, and subse-
quent images are taken at 2-3 h after sestamibi
administration, based on the kinetics of the com-
pound. Due to retention and delayed sestamibi
washout, there should be persistent sestamibi
visualization in the parathyroid adenomas in the
delayed images, as compared to the initial set
(Fig. 14.4). Hyperparathyroid patients with dou-
ble adenomas and parathyroid hyperplasia have
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Fig. 14.4 Dual-phase technique. Early (10 min after
intravenous infusion) and late (2-3 h after sestamibi infu-
sion) show differential washout. There is typically persis-
tent sestamibi visualization in parathyroid adenomas in
the delayed images, although some adenomas, such as the
one in this figure, show initial uptake and early washout

progressively less distinct or successful localiza-
tion than those with single adenomas.

Sestamibi imaging was originally performed
as two-dimensional (2D) planar scanning
(Fig. 14.5). Such 2D scans have in some centers
been replaced by SPECT (single proton emis-
sion computed tomography) scans, which pro-
vide three-dimensional (3D) reconstruction and
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Fig.14.5 Two-dimensional planar sestamibi scan, show-
ing parathyroid uptake in a right inferior mediastinal
adenoma

greater localizing information (Fig. 14.6).
Furthermore, SPECT sestamibi scans have
recently been fused with high-resolution, thin
slice CT to localize disease even more precisely
(Fig. 14.7). Several studies have found dual-
phase SPECT/CT sestamibi imaging to be sig-
nificantly superior to planar imaging in the
detection of parathyroid lesions, especially when
there is concomitant thyroid nodularity.
However, other studies have found that SPECT/
CT has no significant clinical value additional to
that of conventional SPECT for parathyroid
imaging except in locating ectopic parathyroid
glands and that the additional time, radiation
exposure, and expense do not justify the CT
acquisition.

One of the main limitations of all variations of
sestamibi scanning is the fact that, like ultra-
sound, it is highly operator dependent. It is most
reliable for identifying large, solitary adenomas.
False positives occur when there are other cell
types that also have high mitochondrial content,
such as Hurthle cell nodules in thyroid tissue.
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Fig.14.6 SPECT sestamibi scan, showing axial, sagittal, and coronal 3D reconstructions and localization of a parathy-

roid adenoma to the right retrothyroid region

Also, brown fat, brown tumors, lymphoma, breast
cancer, and thyroid carcinoma all have a propen-
sity for increased uptake. False negatives often
occur with adenomas with low oxyphilic count,
which is seen in smaller adenomas and in multi-
glandular disease. False-negative sestamibi scan-
ning has also been linked to patients with higher
levels of vitamin D and lower levels of serum
calcium, as well as patients with multigland

disease (multiple adenomas or parathyroid hyper-
plasia.). Reviewing early, late, and subtraction
pinhole images together with SPECT images
maximizes parathyroid lesion detection accuracy.
Also, the operating surgeon should review all
sestamibi scans irrespective of what is reported,
because there are often subtle findings that are
pertinent but not reported on the formal
interpretation.
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Fig.14.7 SPECT/CT sestamibi fusion scans combine the
advantages of cross-sectional imaging by CT with the
functional imaging of sestamibi scintigraphy to yield a

Computed Tomography

Computed tomography (CT) is a second-line
noninvasive imaging modality that is typically
used to localize elusive parathyroid disease.
Although not as sensitive as ultrasound or sesta-
mibi scans, this imaging modality is useful for
identifying ectopic disease (Fig. 14.8). It is avail-
able for use in most medical centers and can be
used for guiding FNA biopsy of a lesion. In addi-
tion, it is less operator dependent than ultrasound
or sestamibi imaging, and the images are easily
stored in most databases.

The disadvantages of CT include its cost, expo-
sure of the patient to radiation, and necessity for
intravenous contrast. In addition, false positives
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precise anatomic map such as seen for this right inferior
parathyroid adenoma

Fig. 14.8 CT can be useful for identifying ectopic dis-
ease, such as the mediastinal parathyroid adenoma located
anterior to the ascending aorta in this patient (/ine)
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are not uncommon, with lymph nodes most com-
monly mistaken for parathyroid adenomas. False
negatives also result from parathyroid lesions
being mistaken for lymph nodes.

The four-dimensional CT (4D-CT) imaging of
the neck and upper mediastinum takes advantage
of precise timing of contrast perfusion coordinated
with acquisition of computed tomography data to
identify the adenoma. It yields 3D multiphasic
images, combined with the fourth or time dimen-
sion, to result in images at specified moments pre-
contrast, during infusion, and 30 s after infusion.
This imaging modality reveals both the anatomic
location and the physiology of the lesion, by eval-
uating the perfusion characteristics. Parathyroid
adenomas are characterized by rapid uptake of
contrast with early washout of contrast. Lymph
nodes are characterized by slow uptake of contrast
with slow release. Thus, on the contrast-enhanced
CT, a parathyroid adenoma will typically enhance
earlier and more briefly than lymph nodes.

The 4D-CT has been shown in some centers to
be more sensitive than ultrasound or sestamibi scan
alone for precise localization of hyperfunctioning
parathyroid glands, with a lateralization accuracy
of 93 % and localization accuracy of 86 %. It has
also been shown to be useful in localizing adeno-
mas in the reoperative setting. The disadvantages
of using this imaging modality are its cost, expo-
sure of the patient to radiation, the necessity for
contrast, and limited availability of this type of
study, as compared to other imaging modalities.

MRI

The use of MRI for identification of parathyroid
adenomas is mainly reserved for patients with
nonlocalizing sestamibi and ultrasound studies
and for previously operated patients with persis-
tent hyperparathyroidism. MRI is also very use-
ful for identifying ectopic disease, especially in
the mediastinum (Fig. 14.9), and in cases when
findings on nuclear medicine imaging and on
ultrasound are discordant. Its use is limited due to
its increased cost and need for expertise in inter-
preting the images.

On MRI, normal parathyroid glands are not
seen. Adenomas are identified as soft tissue masses
and are isointense to hyperintense as compared to
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Fig.14.9 MRI in a previously operated patient with per-
sistent hyperparathyroidism, demonstrating ectopic dis-
ease in the retrosternal superior mediastinum (line)

thyroid tissue on T2-weighted images. They are
isointense to hypointense on T1-weighted images
as compared to thyroid tissue (Fig. 14.10).
Parathyroid adenomas often enhance avidly with
gadolinium on T1-weighted images. Dynamic or
4D-MRI can be performed in a manner similar to
4D-CT described above, where early uptake and
subsequent washout of gadolinium from parathy-
roid adenomas can be detected if the scanning is
timed carefully with the infusion of the contrast
agent. Lymph nodes, which have similar signal
intensities, can be mistaken for parathyroid adeno-
mas on standard (nondynamic) MRIL

PET/CT Scan

Like sestamibi scanning, PET/CT scanning is a
functional imaging study that takes advantage of
the hypermetabolic behavior of lesions, including
parathyroid glands, and displays differential
tracer retention and positron emission pictorially.
Whereas there are case reports of the more com-
monly used fluorodeoxyglucose (FDG) revealing
parathyroid lesions on PET scanning, more recent
and larger series have described C-11 methionine
(MET-PET) as highly accurate at localizing para-
thyroid lesions. There is limited experience to
date with this type of scan, and it is significantly
more costly than the alternative imaging studies.
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Fig. 14.10 On MRI, adenomas can be hypointense on T1-weighted images (a) and hyperintense on T2-weighted
images (b), as seen in this example of a mediastinal parathyroid adenoma (lines)

Fine-Needle Aspiration

Fine-needle aspiration (FNA) can be guided by
either ultrasound or CT (Fig. 14.11). It is very
specific in distinguishing parathyroid tissue from
nonparathyroid tissue, although distinction of
parathyroid versus thyroid cytology can be chal-
lenging. When combined with testing for intact
parathyroid hormone (PTH), FNA achieves a
specificity of 95-100 %. The needle used for
FNA is rinsed with saline and tested for intact
PTH by the same chemical assay that is used for
serum PTH. However, FNA is invasive and can
lead to an inflammatory response at the biopsy
site, which can have consequences for the surgi-
cal resection. There has been report of implanta-
tion of parathyroid tumor cells along the needle
track, although separate literature attests to the
safety of parathyroid FNA. Overall, FNA should
only be considered in challenging cases.

Selective Venous Sampling

Venous sampling for parathyroid hormone can
also be used to determine the general location of a
parathyroid adenoma. It is technically very chal-
lenging and success of the study is operator depen-
dent. Blood samples are obtained from multiple

Fig. 14.11 Ultrasound-guided FNA of a deep parathy-
roid candidate lesion in a patient with prior unsuccessful
exploration. The needle is rinsed with saline and analyzed
for PTH (lines=needle tip and needle)

bilateral sites within the venous circulation supe-
rior and inferior to the potential sites of a parathy-
roid tumor, and gradients in PTH are measured. It
is mainly useful in complex revision operations
when two or more preoperative imaging modali-
ties have been inconclusive or unhelpful. Selective
venous sampling has been shown to have a success
rate of 86 % in identifying the location of a para-
thyroid adenoma in such patients. The use of the
study is limited by its invasive nature, increased
cost, need for interventional radiologist expertise,
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and exposure of the patient to radiation. However,
recent reports of ultrasound-guided internal jugu-
lar vein sampling, even in the office setting, have
renewed interest in the concept and use of PTH
gradient testing for difficult cases, without the pre-
viously associated risks.

Parathyroid Arteriography

Although rarely used today due to its increased
risks, this test is both specific and sensitive.
Parathyroid adenomas are highly vascular, and
thus angiographic imaging modalities may be
utilized. Adenomas are identified as round- or
oval-shaped lesions that display a vascular blush
with angiographic injection. Success of the pro-
cedure is based on skill of the performing inter-
ventional radiologist. It is often utilized when
other noninvasive imaging studies are equivocal.
The risks of this procedure are devastating and
include spinal cord injury and embolic infarction.
More recently, noninvasive magnetic resonance
angiography has been successfully used in the
reoperative neck.

Conclusion

Accurate preoperative imaging methods have
revolutionized the surgical approach to hyper-
parathyroidism and led to a trend toward mini-
mally invasive, targeted procedures. While
regional as well as individual surgeon prefer-
ences differ, the spectrum of choices available
means that most parathyroid lesions can be
localized prior to surgery. The nuclear medi-
cine sestamibi scan, with or without SPECT/
CT, is considered by most to be the optimal
initial exam for localization of parathyroid
adenomas. It is useful to compare this func-
tional type of study to an anatomic study, such
as an ultrasound, CT, or MRI, for precise
three-dimensional targeting. Ultrasound, and
increasingly surgeon-performed ultrasound, is
cost effective, convenient, and highly reliable
for localizing perithyroidal adenomas but has
a limited role for adenomas in the mediasti-
num. The more expensive noninvasive imag-
ing modalities, CT and MRI, are usually
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reserved for cases where nuclear medicine
imaging and ultrasound are discordant or
unrevealing or for revision cases. The use of
invasive imaging modalities, namely, FNA,
angiography, and venous sampling, is limited
to cases where the noninvasive imaging
modalities are nonlocalizing.
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