














from adipose tissue.

tively nonspecific. Thus, demonstra-
tion that thyroid tissue is absent
from the normal location within
the neck is needed to confirm the
diagnosis of lingual thyroid with
MRI. Lateral aberrant thyroid
tissue may also occur from anomal-
ous development. This ectopic

Figure 3. Large thyroglossal duct cyst. Axial TIW MR
image at the level of the supraglottic larynx shows a
large hyperintense anterior neck mass with extension
into the larynx, displacing the epiglottis (arrows).
The “beaking” of the strap muscles (arrowheads)
around the cyst is typical. The hyperintensity of the
cyst is due to the high protein concentration of the
fluid, resulting in a signal intensity identical to that of
the cervical fat. The cyst remained hyperintense on
T2W images (not shown), differentiating this lesion

tissue is usually found lateral
to the jugular vein.?! The in-
cidence of malignancy in this
ectopic tissue in unknown, but
may be similar to the incidence
with lingual thyroid glands.
Such lesions also are believed
often to represent metastases
from a primary cancer of the
thyroid.

Both MRI and CT are
effective modalities for
imaging substernal extension
of large goiters.?2 Unless there
has been prior surgery, they are
almost always continuous with a
cervical thyroid. Substernal
goiters are usually confined to
the anterior mediastinum, but
larger lesions may extend
between the trachea and
esophagus and extend into the
posterior mediastinum,.
These lesions are ordinarily
well-defined. Calcification
and cystic degeneration are
common, and the density of
the goiter is usually less than the
cervical thyroid. The multiplanar
imaging capabilities of MR offer an
advantage over CT in depicting the
relationship of the goiter to the
great vessels, without the need for
intravenous contrast administration.
Neither CT nor MRI can
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distinguish benign from malignant
tumors within the thyroid gland.
Therefore, the evaluation of thyroid
nodules begins with scintigraphy,
ultrasound, and percutaneous needle
biopsy. Once the diagnosis of
malignancy is established,
however, CT or MRI is useful to
define the extent of larger tumors
and to evaluate the neck for
metastatic lymphadenopathy. Either
modality can be used for staging;
however, MRI is preferred because
it avoids the intravenous contrast
issue associated with CT. Carcinoma
is typically mildly hyperintense to
normal thyroid gland on T2W
images and isointense on TIW
images.?3 Fat invasion is best
visualized with T1W sequences,
whereas strap muscle invasion
and muscle edema are better
demonstrated with T2W images.
Post-contrast images are helpful in
differentiating peritumoral edema
from tumor invasion. Tumor
enhancement is more heterogeneous
than normal thyroid and is best
displayed using modified T1W
pulse sequences that suppress the
signal from fat (Figure 4).
Cross-sectional imaging can be a
useful adjunct to 1-131 radionuclide
imaging in the postoperative thyroid
carcinoma patient. MRI is usually

Figure 4. Thyroid carcinoma. A, Axial T2W MR image of the neck demonstrates enlargement of the isthmus and left lobe of the thyroid gland.
There is heterogeneous hyperintensity of the lesion (arrows) without discrete margins. Two lymph nodes are present in the left neck
(arrowheads). B, Axial TIW contrast-enhanced image with fat-suppression shows enhancement of both the tumor and the normal gland. In this
case the contrast agent reduced the conspicuity of the lesion, but improved visualization of the lymph nodes (arrowheads). Pathologic exam
revealed tumor involving the entire left lobe and the two nodes on the left.




recommended for these studies.?*
Postoperative collagencus fibrosis
has a relatively short T2 relaxation
time therefore, appearing isointense
or hypointense to muscle on T2W
images. In contrast, thyreid carcinoma
has a relatively longer T2 relaxation
time, thereby appearing hyperin-
tense on T2W sequences. In a study
of 24 patients with possible
recurrent thyroid carcinoma,
Auffermann et al?® reported a
positive predictive value of 82%, a
negative predictive value of 86%,
and an overall diagnostic accuracy
of 83% with MRI in differentiating
recurrent tumor from postoperative
scar. Since both types of tissue are
enhanced, contrast-enhanced
images are less useful in these cases.
In addition, MRI may be used alone,
or in conjunction with In-111 octreo-
tide, in patients with a history of
medullary thyroid carcinoma.

When a patient presents with a
rapidly enlarging mass, particularly
with symptoms of airway compromise,
the differential diagnosis includes
multinodular goiter with acute hem-
orrhage, anaplastic thyroid carcinoma,
thyroid lymphoma, and thyroiditis.26
The superior soft tissue contrast seen
with MRI gives this modality an ad-
vantage over CT in most of these
cases. Adenomatous goiter with hem-
orrhage will demonstrate variable
signal intensities on both T1W and
T2W images. Anaplastic carcinoma
typically shows areas of necrosis and
hemorrhage on gross examination;
these features result in the variable
signal intensities on T1W and T2W
images. Hashimoto’s thyroiditis in-
volves the entire gland and shows
more uniform hyperintensity on T2W
sequences with isointense signal on
T1W images. Thyroid lymphoma is
also isointense on T1W images and
hyperintense on T2W images.?” When
lymphoma is focal, the distinction is
not difficult; but it may be more prob-
lematic with diffuse lymphomatous
involvement of the gland.

CT and MRI are generally regard-
ed as diagnostic studies that reflect
thyroid structure, rather that func-
tion or histology. Takashima et al?®

recently reported interesting
findings correlating
glandular signal intensity,
thyroid function studies,
and histopathologic grading |
of the disease in patients
with Hashimoto’s thyroid-
itis. Signal intensity ratios,
calculated from proton-
density-weighted images,
revealed statistically signif-
icant increases with
increases in serum TSH
values and histologic
follicular atrophy. They
also found significant
differences in signal in-
tensity ratios between
patients with Hashimoto’s
thyroiditis and primary
thyroid lymphoma. Finally,
in a study using in vitro
proton magnetic resonance
spectroscopy,?? the
authors demonstrated a
clear distinction between
the proton MR spectrum
for benign disease and

between the two groups.
Whether these data can be
duplicated in vivo remains
to be seen.

Parathyroid imaging

with CT and MRI. The role of
imaging in parathyroid disease is
predominantly limited to patients
suffering from hyperparathyroidism.
Primary hyperparathyrcidism is
most commonly secondary to a
solitary parathyroid adenoma (80%
to 85%), followed by parathyroid
hyperplasia (10% to 15%), multiple
adenomas (2% to 4%), and parathy-
roid carcinoma (1%).23° Because the
diagnosis of hyperparathyroidism is
established by laboratory analysis,
imaging is utilized for purposes of
localization. Figure 5 shows a para-
thyroid mass before and after the
injection with contrast medium.

As indicated in the preceding sec-
tion on radionuclide scanning, Tc-99m
sestamibi scanning is proving to be a
highly effective method for localizing
parathyroid adenomas. However, CT

Figure 5. Parathyroid adenoma. A, Axial TIW MR
image of the neck shows a well-circumscribed mass (M)
posterior to the lower pole of the thyroid in the right

. . tracheoesophageal groove. The signal intensity of the
malignancy, without overlap jesion is slightly greater than the thyroid gland (arrow).

B, Immediate imaging after contrast injection shows
intense enhancement of the adenoma (M). If imaging is
delayed after contrast administration, adenoma
enhancement may be much less pronounced.

scanning with contrast enhancement
can also be used as an alternative
approach. Secans should begin at the
hyoid bene and extend inferiorly into
the mediastinum, to the level of the
tracheal bifurcation. Thin slices (3 to
5 mm) are used within the neck with
thicker slices in the mediastinum.
Since the parathyroid glands are
quite small normally (5 to 6 x2to 3
x 1 to 2 mm), they may not always be
identified on routine scanning. Aden-
omas are usually isodense or hypo-
dense to muscle. Significant enhance-
ment is present in only 25% of
lesions.?! Central necrosis is occasion-
ally seen, but calcification is rare.
Invasion of adjacent structures is the
only reliable imaging finding that
distinguishes adenoma from carcin-
oma. As with ultrasound, the distinc-
tion between adenomas and
eniarged paratracheal lymph
nodes may be difficult;
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intrathyroidal (ectopic) parathyroid
adenomas can appear identical to
primary thyroid adenomas.

The experience with MRI in para-
thyroid imaging has significantly
increased over the past few years.
The basic techniques for parathyroid
imaging are similar to imaging of the
thyroid gland and are cutlined in the
section on thyroid imaging. How-
ever, because MRI is typically used
in evaluating recurrent hyperpara-
thyroidism following previous
surgery, imaging of the mediastinum
is done in virtually all cases. This
requires the use of the lower res-
olution body coil for optimal
coverage. Within the chest, axial
and coronal images are obtained
with ECG-gating to minimize
vascular pulsation artifact.

Most parathyroid adenomas are
isointense on T1W images and
become hyperintense on T2W
sequences.?? Post-gadolinium T1W
sequences demonstrate significant
enhancement of the lesion.?? Since
the cervical and mediastinal fat in
this area is normally hyperintense
on standard T1W images, fat-
suppression techniques are helpful
in maximizing adenoma visual-
ization. Unfortunately, these tech-
niques are also prone to their own
set of artifacts. Old or recent
hemorrhage within an adenoma can
alter the typical TIW and T2W ap-
pearance. Hyperplastic glands have
MR imaging features similar to those
of adenomas. As with CT and
ultrasound, paratracheal lymph
nodes and intrathyroidal
parathyroid adenomas represent
potential pitfalls in diagnosis.

As mentioned previously, the
indications for parathyroid
imaging for hyperparathyroidism
remain controversial in two respects.
There continues to be considerable
debate regarding the cost-effec-
tiveness of preoperative imaging
in the previously unoperated
patient.?436 Definitive preoperative

localization of a parathyroid adenoma
decreases operative time and the risk
of damage to the recurrent laryngeal
nerves and other parathyroid
glands. However, despite the
reduction in operating time, the
cost of preoperative imaging was
shown to cutweigh its benefits in one
study.?6 In the hands of a highly
experienced surgeon, the success
rate without localization is 90% te
95% and preoperative imaging is not
necessary. In less experienced
hands, or in rare cases of acute hyper-
parathyroidism, preoperative imag-
ing would be indicated.

Although the need for preoperative
localization in the previously operated
patient with recurrent hyperparathy-
roidism is much less controversial,
there is continued debate over the
choice of which imaging study or
studies to perform.23%37 The relative
advantages and disadvantages of the
noninvasive methods for abnormal
parathyroid gland localization are
listed in Table 2. The sensitivity for
detecting abnormal parathyroid
tissue in patients who have
undergone prior surgery varies
according to modality: 36% to 82%
for ultrasound, 44% to 66% for CT,
and 50% to 78% for MRI.38

False-positive results tend to be
lower with MRI in most studies.35
As mentioned in the first section,
sestamibi parathyroid imaging
appears to offer improved results
when compared with thallium-201
subtraction imaging, CT, and
ultrasound.38 Unfortunately, there
are no adequate prospective studies
comparing sestamibi imaging with
MRI at present. In the previously
operated patient with recurrent
hyperparathyroidism, combining
sestamibi imaging with MRI may
offer the most attractive approach.
Further studies are needed to
determine if this strategy is cost-
effective.

Summary

Although 1-123 (and I-131) scinti-
graphy and ultrasound corntinue to
be the mainstays of diagnostic
imaging of the thyroid gland, there
have been many recent advances in
imaging of the neck. We hope that
this brief discussion has helped
increase awareness of the uses of
these new tests. In general, nuclear
medicine techniques tend to provide
more functional information, while
the cross-sectional imaging
modalities are directed towards the
fine points of anatomy. There are
significant cost differences among
the modalities, especially for MRI,
that cannot be ignored in any
discussion of their use in patient
management. We hope that we have
presented a balanced discussion of
the merits and disadvantages of
each of these procedures that is
representative of the views of
subspecialists working in these
imaging areas.




W Table 2

Comparison of Noninvasive Modalities for Detection of Abnormal Parathyroid Glands

Modality Relative Cost Advantages Disadvantages
Ultrasound $1/2 Least expensive test (if no Doppler) Poor examination of the mediastinum
ixanines anterior neck well Smaller lesions easily missed
Can he performed in conjunction with Cannet differentiate lymph nodes or
a biopsy intrathyroidal legions from adenomas
T $$$ 172 Examination of the neck and mediastinum  Requires iodinated contrast agents, which
can be performed with one scan can affect thyroid imaging with seintig-
raphy, and has risks
Good tissue discrimination
Streak artifact from shoulders
Cannot differentiate lymph nodes or intra-
thyroidal lesions from adenomas
MRI $555% Superior anatomic demonstration Most expensive modality and usually

{more if + chest)

with multiplanar imaging

Bxeellent soft tissue discrimination

No iodinated contrast agents needed

requires an intravenous contrast agent

Motion artifacts from breathing or
vascular pulsation in swallowing

May require separate exams of the
neck and chest (increases time and cost)

Nuclear medicine  $3$
(Sestamibi imaging)

Neck and mediastinum are visualized
in one examination

No eontrast reguired

No uptake in lymph nodes

Two-phase study shows very good
accuracy

1.east expensive test to image neck and
mediastinum

Accuracy depends on the protocol used

Some controversy concerning sensitivity
in patients undergoing reoperation
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Glossary

Tc-99m A metastable state of the tran-
sition metal technetium. There is no
naturally occurring stable isotope of
technetium. Tc-99m has a 6-hour half-
life and a gamma ray emission of 140
keV that is nearly ideal for imaging

purposes.

Tc-99m DMSA Te-99m dimercapto-
succinic acid is a tracer, which localizes
in medullary thyroid carcinoma tissue
when the valence of the technetium is
+5; however, this formulation is not
approved for use in the United States.
A similar molecule with Tc-99m in the
3+ valence state is used for renal
cortical imaging.

Tc-99m pertechnetate The usual
aqueous form of Tc-99m, TeOy-. It
localizes in tissues that have an active
anion pump such as the thyroid gland
and gastric mucosa.

Te-99m sestamibi Tc-99m 2-methoxy-
2-methyl propyl isonitrile, a fat soluble
cationic complex of Tc-99m that is widely
used for myocardial perfusion imaging.

Magnetic resonance spectroscopy

(MRS) Magnetic resonance spectroscopy
represents a group of methods for investi-
gating tissue metabolism using magnetic
resonance to obtain detailed information
regarding the types and concentrations
of metabolites within tissues. MRS can
be modified to evaluate for phosphorus,
sodium, or hydrogen containing molecules.
These techniques may be applied in vitro
or in vivo to selected volumes of tissue

within a tissue sample or the human body.

Positron emission tomography
(PET) Positron emission tomography
uses positron emitters as radiotracers.
Positrons are positively charged electrons
and when they interact with an electron
both particles are annihilated. This
produces energy for imaging purposes

and requires specialized detectors.
However, there is very little absorption
of these high energy photons by tissue,
and both of the photons produced by the
annihilation reaction can be used to
localize the event.

Single photon emission computed
tomography (SPECT) Single photon
emission computed tomography is a
form of cross-sectional imaging used in
nuclear medicine that is similar to x-ray
CT scanning. However, in nuclear
medicine, the photons are emitted from
tracers within the patient instead of
from an external x-ray tube. Due to
limitations of the administered dose to
patients, the resolution of the images
obtained is lower than that of other cross-
sectional modalities such as CT.
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