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Abstract: The risk of malignancy in thyroid nodules with indeterminate cytological classification (Bethesda
II-IV) ranges from 10% to 40%, and early delineation is essential as delays in diagnosis can be associated
with increased mortality. Several radioisotope imaging techniques are available for discriminating benign
from malignant cytologically indeterminate thyroid nodules, and for supporting clinical decision-making.
These techniques include iodine-123, technetium-99m-pertechnetate, technetium-99m-methoxy-isobutyl-
isonitrile (technetium-99m-MIBI), and fluorine-18-fluorodeoxyglucose (fluorine-18-FDG). This review
discusses the currently available radioisotope imaging techniques for evaluation of thyroid nodules, including

the mechanism of radiotracer uptake and the indications for their use.
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Introduction

The evaluation of thyroid nodules includes measurement
of serum thyroid stimulating hormone (T'SH), ultrasound
examination, and ultrasound-guided fine-needle cytology (1).
In addition, thyroid scintigraphy can be performed to assess
the function of thyroid nodules. Hyperfunctioning thyroid
nodules have a very low incidence of malignancy and may
be treated without undergoing fine-needle cytology. Non-
hyperfunctioning thyroid nodules have a higher incidence
of malignancy and fine-needle cytology may be required
depending on morphological criteria from ultrasound
imaging (2).

When cytological results yield follicular lesion or atypia
of undetermined significance (Bethesda III) or follicular
neoplasm (Bethesda IV), the results are considered to be
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indeterminate. The risk of malignancy in thyroid nodules
with indeterminate cytological classification ranges from
10% to 40%, and early delineation is essential as delays
in diagnosis can be associated with increased mortality
(3,4). However, the majority of patients with nodules
of indeterminate cytological characteristics undergoing
thyroid resection are ultimately found to have a benign
lesion. Therefore, therapeutic decision-making in patients
with thyroid nodules with indeterminate cytology can be
challenging.

Several radioisotope imaging techniques are available
for discriminating benign from malignant cytologically
indeterminate thyroid nodules and for supporting clinical
decision-making. This review discusses the currently
available radioisotope imaging techniques for evaluation of
thyroid nodules, including the mechanism of radiotracer
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Figure 1 The different metabolic pathways in radioisotope imaging of thyroid nodules. *F-FDG is transported into the follicular cell by
the trans-membrane glucose transporter GLUT1. The intracellular ""F-FDG is then phosphorylated by HKII to "F-FDGG6P, which traps
the compound and prevents its efflux. In malignant cells, both the expression of GLUT1 transporters and the activity of hexokinase may be
increased. Thyroid follicular cells trap '’ using the sodium-iodine-symporter, which concentrates iodine intra-cellularly and incorporate
the '”’T into Tg. The "I is oxidized by thyroid peroxidase at the follicular cell colloid interface to neutral iodine, which binds to tyrosine
residues on Tg to form thyroid hormones (T3 and T4) stored in the colloid follicular lumen. **TcO,- is trapped by the thyroid follicular
cells in an identical manner as '*'I, but is not organified nor incorporated into thyroid hormones, and then is not retained in the thyroid. [ Tc]
MIBI is a lipophilic monovalent cationic agent which cross the cell membrane, and concentrates in the mitochondria due to its positive

electric potential.

uptake and the indications for their use. The gamma-emitter iodine-123 is an iodine isotope, and

thus is metabolized identically to naturally occurring non-

i . radioactive iodine. It is taken up by thyroid follicular cells
lodine-123 and technetium-99m-pertechnetate . . T .. .
via the sodium-iodine-symporter, then is incorporated into

Iodine-123 physiology thyroglobulin and stored in the thyroid follicles. During

this process, the gamma emission of iodine-123 allows for

Thyroid follicular cells trap iodine using the sodium- imaging via scintigraphy for several hours after injection.

iodine-symporter, which concentrates iodine intracellularly Todine-123 scintigraphy is generally used for diagnosis of
thyroid diseases, including hyperthyroidism and congenital

hypothyroidism, as well as for the evaluation of nodules.

at 25-500 times the plasma concentration, and incorporate
the iodine into thyroglobulin (5-7). Therefore, iodine is

oxidized by thyroid peroxidase at the follicular cell colloid In addition, it is used in the post-operative setting and for

interface to neutral iOdine. The neutral iOdine then blnds fouow_up Of differentiated thyr()ld cancers as an alternative

to tyrosine residues on the thyroglobulin, where it is to iodine-131 (2).

incorporated into thyroid hormone and stored in the colloid
follicular lumen. Thyroid hormones can then be released Tochnetium-99 " busiol
from thyroglobulin into the blood stream when necessary coometium-Sm-perteconetate poysiorogy

(Figure 1). The gamma-emitter technetium-99m-pertechnetate is
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taken up by thyroid follicular cells in the same manner
as iodine via the sodium-iodine-symporter. However,
contrary to iodine, it is not incorporated into thyroglobulin
(Figure 1). Thus, it is not retained in the thyroid tissue and
scintigraphy must be performed 20-30 minutes after tracer
injection. Technetium-99m-pertechnetate scintigraphy is
generally used for assessing hyperthyroidism and thyroid
nodules.

Iodine-123 and technetium-99m-pertechnetate in
cytologically indeterminate thyroid nodules

Thyroid scintigraphy with either iodine-123 or technetium-
99m-pertechnetate reflects the metabolic rate of thyroid
cells, and tracer uptake therefore demonstrates the presence
of functioning thyroid tissue (8). As it is highly uncommon
for autonomously functioning thyroid nodules, also known
as “hot nodules”, to harbor malignancy (9-11), current
clinical guidelines recommend abstaining from performing
fine-needle biopsy of hyperactive nodules diagnosed by
thyroid scan with either iodine-123 or technetium-99m-
pertechnetate (2,12,13). A further reason underlying this
recommendation is that a certain number of fine-needle
cytologies in autonomously functioning nodules may be
diagnosed as suspicious for a follicular neoplasm (Bethesda
IV), which would then result in an increased number of
unnecessary lobectomies or thyroidectomies in benign
lesions.

The 2015 guideline of the American Thyroid Association
(ATA) recommends a thyroid scan, preferably with
iodine-123, only in the case of low or subnormal TSH (2).
The guideline of the European Association of Nuclear
Medicine (EANM), however, declined to endorse this
recommendation (14). The EANM Thyroid Committee
and several independent authors support that thyroid
scintigraphy still has its place in the diagnostic work-up
of nodular disease, particularly in regions with a known
alleviated iodine deficiency, and that a normal TSH level
does not preclude the need for thyroid scintigraphy (14,15).
In such populations, a normal TSH level cannot rule out
thyroid autonomy, as recommended by the EANM Thyroid
Committee (14,16-19).

The use of thyroid scintigraphy to select “cold” nodules
for a cytological analysis significantly reduces the number
of surgical procedures for benign diseases, particularly
in populations with iodine deficiency-related nodular
disease (20). In certain cases, the uptake of a thyroid nodule
can be discordant between iodine-123 and technetium-
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99m-pertechnetate, and thus some guidelines, including
the ATA guideline, recommend using iodine-123 for the
functional evaluation of thyroid nodules (2,12) as opposed
to technetium-99m-pertechnetate. As up to 5% of thyroid
nodules may demonstrate rapid washout linked to a defect
in the process of integrating iodine into thyroglobulin,
visualization of these nodules requires both early (1-4 hours)
and late (24 hours) imaging with iodine-123 (21) and is
therefore not feasible with technetium-99m-pertechnetate.

Technetium-99m-methoxy-isobutyl-isonitrile
(technetium-99m-MiBI)

Technetinm-99m-MIBI physiology

Technetium-99m-MIBI is a lipophilic monovalent cationic
agent from the family of isonitriles, which concentrates in
the mitochondria due to its electric potential (Figure I). In
a thyroid nodule, technetium-99m-MIBI uptake reflects
actively functioning mitochondria, and therefore cellular
oxidative metabolism (16).

Technetium-99m-MIBI in cytologically indeterminate
thyroid nodules

A meta-analysis of 21 studies showed that technetium-99m-
MIBI scintigraphy is a sensitive diagnostic tool in predicting
malignancy when malignancy is suspected on the basis of
ultrasound. In a per-lesion analysis, the pooled sensitivity
and specificity were 85% and 46%, respectively (22).
A higher diagnostic accuracy can be achieved when
only “cold” nodules are considered, based on previous
iodine-123 or technetium-99m-pertechnetate scintigraphy,
with a pooled sensitivity and specificity of 82% and 63%,
respectively (10,22). Therefore, combining technetium-
99m-MIBI scintigraphy with iodine-123 or technetium-
99m-pertechnetate scintigraphy reduces the risk of false
positive results (23,24). A recent prospective study found
a negative predictive value of 100% to rule out malignant
thyroid nodules, if nodules presented “cold” at technetium-
99m-pertechnetate scintigraphy and “negative” at
technetium-99m-MIBI scintigraphy (25).

The sensitivity, specificity, accuracy, positive predictive
value and negative predictive value of technetium-99m-MIBI
scintigraphy were 100%, 90%, 95%, 88% and 100%,
respectively, in differentiating benign from malignant non-
oncocytic thyroid lesions when the interpretation was based
on semi-quantitative analysis (23). Moreover, the diagnostic

Gland Surg 2019;8(Suppl 2):S118-S125 | http://dx.doi.org/10.21037/gs.2019.03.06



Gland Surgery, Vol 8, Suppl 2 August 2019

accuracy of technetium-99m-MIBI scintigraphy can be
increased by tomographic 3D acquisition, in addition to
planar images.

The results are more heterogeneous concerning the
ability to discriminate benign from malignant oncocytic
thyroid lesions, and there is no recommendation to use
technetium-99m-MIBI in these lesions (25-27). Retention
of technetium-99m-MIBI uptake in benign thyroid nodules
may occur in hyperplasic nodular goiter, macro and micro-
follicular adenoma, Hiirthle cell adenoma, or autoimmune
or sub-acute nodular thyroiditis (8). Consequently, a
positive technetium-99m-MIBI scan should be regarded as
"indeterminate”.

Several studies have evaluated the diagnostic performance
of technetium-99m-MIBI scintigraphy in the specific setting
of patients with cytological indeterminate thyroid nodules.
One study, for example, reported a sensitivity, specificity,
positive predictive value, negative predictive value, and
diagnostic accuracy of technetium-99m-MIBI visual image
analysis in differentiating benign from malignant non-
oncocytic tumors of 73%, 81%, 73%, 81% and 78%,
whereas the performance for oncocytic tumors was 100%,
9%, 28%, 100% and 33%. Notably, in non-oncocytic
thyroid nodules, a technetium-99m-MIBI semi-quantitative
image analysis was more accurate than a technetium-99m-
MIBI visual image analysis with a diagnostic accuracy of
94% wvs. 78% (26).

A more recent prospective study reported a sensitivity,
specificity, positive predictive value, negative predictive
value, and diagnostic accuracy of visual analysis of
technetium-99m-MIBI scintigraphy in differentiating
benign from malignant cytologically indeterminate
thyroid nodules of 56%, 52%, 23%, 82%, and 53% (28).
Another prospective study demonstrated a sensitivity,
specificity, positive predictive value, negative predictive
value, and accuracy of technetium-99m-MIBI scintigraphy
in differentiating benign from malignant disease of 62%,
95%, 83%, 88%, and 87% in patients with hypofunctioning
thyroid nodules on technetium-99m-pertechnetate
scintigraphy, findings suggestive of malignancy on
ultrasound examination, and cytological classification
as a follicular neoplasm (Bethesda IV). By using semi-
quantitative analysis, the sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
increased to 100%, 96%, 88%, 100%, and 98% (25).

Finally, a recent bi-centric study demonstrated a
sensitivity, specificity, positive predictive value, negative
predictive value, and accuracy of visual technetium-99m-
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MIBI analysis in differentiating malignant from benign
cytologically indeterminate thyroid nodules of 61%, 91%,
71%, 86%, and 83%. In the semi-quantitative technetium-
99m-MIBI analysis, the overall sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
increased to 100%, 91%, 80%, 100%, and 93 % (29).

Various methods of semi-quantitative methods for
the technetium-99m-MIBI analysis have been proposed
(25,26,30). The implementation of wash-out index was
recently found to be more accurate than the retention
index in discriminating malignant from benign cytological
indeterminate thyroid nodules with an overall accuracy of
100% vs. 62.5%, respectively (31).

Overall, technetium-99m-MIBI scintigraphy with
additional semi-quantitative analysis seems to be an accurate
and cost-effective method for evaluation of cytological
indeterminate thyroid nodule (32). However, there is no
recommendation for the use of technetium-99m-MIBI
scintigraphy in the evaluation of thyroid nodules in the
current guidelines (2).

Fluorine-18-fluorodeoxyglucose (Fluorine-18-FDG)
Fluorine-18-FDG physiology

Fluorine-18-FDG is an analogue of glucose and is
transported into the cell by transmembrane glucose
transporters in the same manner as naturally-occurring
glucose molecules (33). The intracellular fluorine-18-FDG
is then phosphorylated by hexokinase to fluorine-18-FDG-
6-phosphate, which traps the compound and prevents its
efflux (Figure 1). In malignant cells, both the expression
of GLUT]1 transporters and the activity of hexokinase
may be increased (34). Unlike naturally-occurring glucose
molecules, fluorine-18-FDG-6-phosphate cannot proceed
down the glycolytic pathway and therefore accumulates in
cancerous cells.

Indications in the diagnosis of thyroid nodules and
guideline recommendations

Fluorine-18-FDG positron emission tomography (PET)-
computed tomography (CT) is an important diagnostic
modality for various cancers (35). The ATA guidelines,
however, do not recommend fluorine-18-FDG PET for the
evaluation of thyroid nodules (36). This recommendation
is based on two meta-analyses where the pooled sensitivity

and specificity of fluorine-18-FDG PET in indeterminate
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Table 1 Summary of indications for different tracers in thyroid nodules according to current guidelines

Tracer Indication

lodine-123

Technetium-99m-pertechnetate
iodine-123 is not available (2)

Technetium-99m-MIBI

Indicated in clinically or incidentally discovered thyroid nodule if the serum TSH is subnormal (2)

Indicated in clinically or incidentally discovered thyroid nodule if the serum TSH is subnormal and if

No recommendation according to current guidelines. It can be used in cold nodules (based on

iodine-123 or technetium-99m-pertechnetate scintigraphy) (23-25,29)

Fluorine-18-FDG
indeterminate cytology (2)

Fluorine-18-FDG is not routinely recommended for the evaluation of thyroid nodules with

thyroid nodules based on fine needle cytology were 95%
and 48% respectively, resulting in a positive predictive
value of 39% and a negative predictive value of 96%
(37,38). Thereby, the common practice is a visual
assessment that considers any focal increased uptake in
the region of the thyroid nodule above the background as
positive (37). To investigate if a quantitative approach will
improve the diagnostic accuracy remains preserved for
future research.

It has been suggested that the sensitivity and the
resulting negative predictive value could be increased if the
interpretation criteria were standardized and if fluorine-18-
FDG PET were used to evaluate only thyroid nodules with
a diameter larger than 1 cm (1,37).

Several recent studies, not included in the two meta-
analyses, demonstrated the added value of incorporating
fluorine-18-FDG PET/CT in the diagnostic work-up of
cytologically indeterminate thyroid nodules (28,39,40).

A cost-effectiveness analysis demonstrated that
implementation of a preoperative fluorine-18-FDG PET in
patients with indeterminate thyroid nodules could prevent
up to 47% of unnecessary surgical procedures, leading to
a modest increase of health-related quality of life and cost
reduction. When compared to in-vitro molecular tests,
fluorine-18-FDG PET/CT showed similar effectiveness as
that of gene-expression analyses (41).

In a visual comparison to technetium-99m-MIBI,
fluorine-18-FDG PET demonstrated a higher diagnostic
performance in discriminating between benign and
malignant indeterminate thyroid nodules (28).

In addition to discriminating known thyroid lesions with
fluorine-18-FDG PET, also the incidental fluorine-18-
FDG uptake in the thyroid gland is a frequent diagnostic
challenge. Such an uptake is found in 1-2% of patients,
while an additional 2% of patients demonstrating diffuse
thyroid uptake (2,42-44). Importantly, focal fluorine-
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18-FDG uptake is associated with an increased risk of
malignancy, and therefore clinical evaluation and fine
needle aspiration are recommended by the ATA for thyroid
nodules greater than 1 cm with increased fluorine-18-FDG
uptake (2).

Thyroid nodules smaller than 1 cm with increased
fluorine-18-FDG uptake, on the other hand, can be
monitored with ultrasound. A recent meta-analysis showed
that 35% of fluorine-18-FDG positive nodules proved
to be cancerous (42). In contrast, diffuse thyroid uptake
most often represents benign disease corresponding to
inflammatory uptake like Hashimoto’s disease or other

diffuse thyroid illness.

Conclusions

Radioisotope imaging is an integral part of the work-up
for discriminating benign from malignant cytologically
indeterminate thyroid nodules (7zble 1). While being
associated with a certain radiation dose (Table 2), each
imaging modality has a specific place in the clinic routine.

Thyroid scintigraphy with either iodine-123 or
technetium-99m-pertechnetate remains the standard
method to assess whether a nodule is autonomously
functioning, and therefore whether nodules require further
diagnostic evaluation.

The use of technetium-99m-MIBI scintigraphy is
supported by robust clinical data as a second line procedure
for the prediction of malignancy in cold nodules with
indeterminate fine-needle cytologies, and the inclusion of
this imaging method in future versions of clinical guidelines
may require consideration.

Fluorine-18-FDG-PET/CT studies present controversial
results in differentiating benign from malignant lesions in
cytologically indeterminate thyroid nodules, and deserves
further investigation.
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Table 2 Effective doses in radioisotope imaging for discriminating benign from malignant cytologically indeterminate thyroid nodules

Effective dose due to the radiotracer

CTDI vol (mGy) of CT

Tracer (in millisievert) (in case of SPECT/CT or PET/CT)
lodine-123 4.4 4
Technetium-99m-pertechnetate 0.98 4
Technetium-99m-MIBI 15 4
Fluorine-18-FDG 4.8 5
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