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The most frequent extrathyroidal Graves’ disease manifestation is Graves’
orbitopathy (GO). The treatment of GO is determined by its severity and
activity. There is currently no reliable, impartial method for assessing it
clinically or distinguishing fibrosis from active inflammatory disorders. Today,
imaging methods including orbital ultrasound (US), computed tomography (CT),
and magnetic resonance imaging (MRI) are frequently employed to show
pathological abnormalities in the ocular adnexa of GO patients. In addition, a
not widely accepted technique — 99mTc-DTPA SPECT - has some potential to
evaluate retrobulbar inflammation in GO patients. However, FDG-PET/CT is
possibly superior to other imaging modalities in detecting inflammation in GO
and it may be useful in assessing disease activity in case of clinical or serological
uncertainty. It might also act as an early indicator of GO development and its
aggravation before irreversible tissue alterations take place and may be used in
the differential diagnosis of inflammatory disorders of the orbit. However, before
FDG-PET/CT could be applied in daily clinical practice, the methodology of GO
activity assessment with defined cut-off values for radionuclide concentration —
standardized units of value (SUV) have to be established and validated. In
addition, the limitations of this technique have to be recognized.

KEYWORDS

positron emission tomography, diagnostic imaging, Graves orbitopathy, thyroid
accompanied orbitopathy, nuclear medicine imaging

Introduction

One of the most prevalent autoimmune conditions in women is Graves’ disease having
the greatest frequency between the ages of twenty and fifty (1, 2). The overall crude
incidence of Graves’ disease is estimated at 24.8 per 100,000 population per year (3). The
most frequent extrathyroidal Graves’ disease manifestation is Graves’ orbitopathy (GO)
which accounts for approximately 60% of all orbital inflammation in the 21-60-year-old
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population. In individuals with Graves' hyperthyroidism, GO is
seen in 25-30% of cases, and it is very infrequently seen in
conjunction with hypothyroid autoimmune thyroiditis (4).

Clinical signs of GO include proptosis, inflammation of the
conjunctiva and eyelids, and extraocular muscle hypertrophy,
which leads to a decrease in ocular mobility and diplopia.
Compression of the optic nerves at the orbital apex and loss in
visual acuity may occur in the most severe cases (4). Patients with GO
will most typically have enlargement of the orbital fatty connective
tissues and the extraocular muscle bodies. These alterations are the
result of aberrant hyaluronic acid deposition and edema inside these
tissues (5). Due to the wide range of symptoms of inflammation and
the multiple confounding factors, such as non-inflammatory fibrosis,
it is one of the most challenging clinical characteristics of GO to
identify (1). Numerous inflammatory illnesses that affect the orbital
tissue, such as idiopathic orbital inflammation, infections, systemic
disease symptoms in the orbit, primary and secondary orbital
neoplasms, and vascular malformations in the orbit, can mimic
GO. Most of them are benign but can cause vision loss. Thereby,
an accurate evaluation for a proper differential diagnosis is required
(4). There is currently no reliable, impartial method for assessing GO
clinically or distinguishing fibrosis from active inflammatory
disorders (1). A proper diagnosis of the disease’s severity and
activity is necessary for effective treatment. Two commonly used
grading systems intended to evaluate the activity and severity of GO
and direct therapeutic decision-making are the European Group of
Graves’ Orbitopathy (EUGOGO) and VISA (vision, inflammation,
strabismus, and appearance) classifications (6). The EUGOGO
recommends using a seven-point clinical activity scale (CAS) (7). It
analyzes the clinical symptoms of retroorbital pain, pain with eye
movement, eyelid swelling, eyelid redness, conjunctival redness,
conjunctival swelling, and inflammation of the caruncle or plica,
each of which is worth one point on the scale. An active form of GO is
indicated by the presence of at least three of the seven clinical
symptoms listed above. However, neither of the aforementioned
methods of GO classification is based on imaging studies, relying
solely on clinical features.

Current imaging methods

Orbital ultrasonography (US), computed tomography (CT),
and magnetic resonance imaging (MRI) are imaging methods
frequently utilized to show pathological abnormalities in the
ocular adnexa of patients with GO (8).

Orbital ultrasound

The advantages of orbital ultrasonography include its inexpensive
cost, short examination time, and lack of radiation. In research by
Nagy et al., measurements of the eye muscles and orbital connective
tissue taken during US and MRI exams of patients with GO were
compared (9). Results showed that US failed to correlate with MRI
and did not allow to determine the nature of muscle enlargement,
including the activity of the inflammatory process.
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Measuring the muscle reflection using A-mode US could allow
the identification of patients with moderate-to-severe GO who
could benefit from radiotherapy (10). The reflectivity of less than
30% was characterized by high positive predictive value (PPV) of
85% but low negative predictive value (NPV) of 60% with CAS
values alone established at 65% and 56% respectively. However, a
combination of US (reflectivity > 30%), CAS (< 4), and the duration
of the disease (> 18 months) increased the PPV to 79% and the NPV
to 89% and thus allowed to identify patients with nonactive disease.

It has been shown that the analysis of blood flow parameters in
the ophthalmic artery, superior ophthalmic vein, and central retinal
artery using the color Doppler technique correlates with CAS and
may be helpful in the differentiation of active from inactive phases
of GO (11, 12). However, increased arterial blood flow velocities can
be secondary to orbital inflammation of different etiologies.

Although the US alone can be used to diagnose and assess the
extent of eye muscle involvement, it cannot make a clear distinction
between activity and inactive disease of retrobulbar tissue (9).

Computed tomography

CT imaging allows a detailed evaluation of the orbit with a great
spatial resolution, in a short investigation time with few artifacts,
and at a moderate cost (1). CT is particularly helpful when it may be
necessary to rule out other orbital pathologies and for
demonstrating the compression of the optic nerve at the apex of
the orbit (6). The main indications for CT in GO are the assessment
of extraocular muscle involvement and the assessment of the degree
of exophthalmos (13, 14). The most common intraorbital
manifestation of GO is the involvement of a nontendinous
portion of extraocular muscles, predominantly inferior and
medial recti muscles (RM). The extraocular muscles in GO
appear sharply enlarged in a fusiform fashion. CT also allows
visualizing the decreased density of the inflamed orbital muscles
caused by fat infiltration (15). This has been confirmed by Cohen
et al, although their study focused on identifying foci of fatty
infiltration within the muscles rather than the mean density of the
whole muscle (16). The results obtained by Regensburg et al. on the
other hand showed no differences in mean muscle densities in GO
patients compared to normal controls (17). They did however find
that orbital fat density in GO patients was significantly higher than
in healthy individuals. The orbital adipose/connective tissue volume
can also be precisely estimated with the aid of a computer program,
making orbital CT a recommended study before decompression
surgery (7, 18). However, it is impossible to distinguish between
active and inactive thyroid-associated orbitopathy (TAO) with CT.
Additionally, CT exposes the lens to a large amount of radiation,
which over time increases the risk of cataract formation (8, 19).

Magnetic resonance imaging
When multiple scans are needed to monitor, for example,

therapy response, MRI is the preferred modality for orbital
imaging. Other benefits include the ability for tissue
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differentiation, the absence of ionizing radiation, and the ability to
detect interstitial edema in individuals with active disease within the
RM (8, 19, 20). It has been demonstrated that MRI enables the
quantitative evaluation of the extraocular muscles’ thickness and
width (21). Additionally, neither the age nor the gender of GO
patients has an impact on the ratio of short to long diameter of the
expanded muscles (20). The quantification of disease activity,
prediction of anti-inflammatory medication response, and the
outcome of GO may all be possible using specific MRI sequences
(7). While the analysis of the muscle signal intensity in the T2
weighted images without intravenous contrast alone does not allow
distinguishing the active from the inactive phase of GO, the
contrast-enhanced MRI in T1 weighted images allows such
assessment based on the analysis of signal intensity, time to the
maximum enhancement and the enhancement and washout ratios
(22). Early changes in the course of GO and the monitoring of the
response to radiation are both possible with the quantitative
measurement of the muscle signal in diffusion-weighted imaging
(DWI) and apparent diffusion coefficient (ADC) maps (23). ADC
values were also shown to correlate with the CAS of TAO.
Nevertheless, it is a more expensive method with a long
acquisition time and lower availability, limiting MRI application
in daily practice (8). In patients with unilateral or highly
asymmetric exophthalmos, suspected optic neuropathy, and
euthyroid status with negative thyroid serology, orbital MRI is
now advised (7).

Nuclear medicine in Graves'
orbitopathy

99mMmTc-DTPA SPECT/CT - single-photon
emission computed tomography (SPECT)
with the use of
diethylenetriaminepentaacetic acid tagged
with 99mTc (99mTc-DTPA)

Another, although not widely accepted imaging technique is the
single-photon emission computed tomography (SPECT), which
utilizes 99m-thallium-tagged diethylenetriaminepentaacetic acid
(99mTc-DTPA).

In this investigation method, the radiotracer 9mTc-DTPA is
administered intravenously (iv) and is then extravasated at the site
of inflammation where it combines with the polypeptides of the
extracellular inflammatory fluid. The amount of 99mTc-DTPA that
builds up at the site of the inflammation, in this case mostly in the
oculomotor muscles, is directly correlated with the activity of the
infiltrative and edematous process. The procedure makes use of a
gamma camera and single-photon emission computed tomography
(SPECT) technology to record the gamma radiation generated by
the 99mTc combined with DTPA (24).

This method’s relevance was originally mentioned in 2002 by
Galuska et al. They demonstrated the possibility of using 99mTc-
DTPA SPECT to assess the inflammation of the retrobulbar region
in GO patients. When compared to the background, the radiotracer
accumulated more in the orbital cavity, which showed the presence
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of local inflammation. They discovered that the 99mTc-DTPA
SPECT OR/B values were substantially greater in the series of
orbits with active illness on MRI than in the inactive stage. In this
way, they demonstrated that 9mTc-DTPA is a potential tool in the
assessment of GO activity. However, they made it clear that a
precise assessment of the method’s usefulness was not possible due
to the small number of examined patients (only 9) (25).

Authors from the same research institution came to the
conclusion that SPECT scintigraphy using 99mTc-DTPA could
be an additional diagnostic method useful in determining whether
immunosuppressive treatment should be started and in facilitating
the assessment of this treatment’s efficacy for treating GO. This
study involved 21 patients (26).

Also Szebados in 2013 showed that orbital radiation therapy
had an anti-inflammatory impact in GO patients with high orbital
DTPA absorption. They also discovered that the irradiation had no
positive effect in individuals with initially normal or minimally
raised DTPA UV; in certain cases, the treatment could further
exacerbate the inflammation. Based on the results of this study and
our prior research, DTPA orbital SPECT may be helpful for
determining the immunological activity of GO and for choosing
patients who will get local radiation and systemic (steroid)
immunosuppressive medication or surgical treatment (27).

The authors state that the 99mTc-DTPA scan has many
benefits, including a fast procedure duration, low radiation
exposure for the patient, low cost (compared to PET-CT),
straightforward analysis, and ability to create a spatial
visualization of the biological activity of the studied area (24, 25)
But there are also a number of drawbacks including the potential
risk of repeated investigations (human anti-mouse antibody, or
HAMA) reaction, the scan’s relatively low resolution (> 1 cm), as
compared to other imaging techniques like CT or MRI (where
resolution is 1 mm), which makes it more difficult to interpret the
results and does not allow for more accurate identification of the
oculomotor muscles that are impacted by inflammation (24, 26).

Szumowski used a hybrid technique called SPECT/CT in his study
to assess the type of GO. The SPECT/CT approach offers a significantly
more precise image of the accumulated radiotracer location than the
classic SPECT method, which increases the accuracy of interpreting
the image as either physiological or pathological, depending on its
precise location. This is supported by the SPECT/CT method’s high
sensitivity and specificity, which were shown in his paper and equal to
93 and 89%, respectively (24). Based on his findings, it can be said that
the 99mTc-DTPA SPECT/CT method offers a valuable tool for
assessing the active form of GO and is in many ways superior to the
standard methods offering just imaging of oculomotor muscles. In
conjunction with MR, it appears that it may be employed in GO as a
potential reference diagnostic method (24).

The principles of FDG-PET imaging

A non-invasive diagnostic technique called positron emission
tomography (PET) has been suggested as a method to identify
inflammatory and/or malignant processes. It provides the
opportunity to perform functional and metabolic assessments in
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these circumstances, whether or not there has been any structural
alteration (28). A radioactive molecular analog of glucose called
18F-fluorodeoxyglucose (FDG) is used in PET imaging as a
metabolic marker. The cellular uptake of FDG determines the
metabolic activity of the tissues. This approach has the benefit of
being “semiquantitative” in terms of radionuclide concentration
using standardized units of value (SUV) per gram of the tissue
under investigation. The SUVmax value is affected by the patient’s
weight, the radionuclide dose, and blood sugar level. This method
makes it easier to distinguish between the radionuclide’s pathologic
and normal uptake in the studied tissues, providing objective
interpretation (28). Some clinicians advocate that lesions with
SUVmax greater than 2.5 were considered malignant (29, 30).
However, other researchers acknowledge that this strategy has
serious flaws that could result in poor patient management (31).
SUVmax measurements are affected by many parameters that
should be accounted for when using certain FDG PET thresholds
to improve the characterization of the disease (31). The influences
of competing transport effects, body size, count noise effect,
radiotracer dispersion time, partial volume and spillover effects,
attenuation correction, reconstruction method, and scanner type all
have a significant impact on SUVmax estimations. Inter-
institutional SUVmax results are likely to differ as a result of the
variation in PET acquisition across various institutions. As a result,
diagnostic criteria such as SUVmax of 2.5 that some research
groups have reported as effective may not be useful in all other
institutions. These values may differ for different scanners and FDG
PET acquisition protocols. The radiotracer distribution time is
another significant but largely disregarded factor that influences
FDG uptake and SUVmax values (i.e. the time between FDG
injection and scanning). This is visibly demonstrated in the liver,
which shows a 25-30% decrease in SUV between 1 to 2-3 hours
(20). As a result, even while focal hepatic activity with SUVmax of
3.5-4.0 on 1-hour PET imaging is typical and considered benign, it
may be suggestive of malignancy if PET image acquisition was done
2-3 hours following FDG administration (31). For that reason FDG
PET protocol should be normalized and performed at the same
established time i.e. after 60 minutes, despite the acceptable time of
PET scan is until 90 minutes.

FDG-PET/CT in GO

The first documented case of GO discovered by FGD-PET/CT
was published by Kuo in 2006 (32). In this case, the inflammatory
process in GO caused a substantial rise in FDG uptake in both the
medial and inferior RM, which was consistent with the patient’s
physical findings. The MRI showed only the isolated enlargement of
the left inferior RM with spared tendon insertion. This example
offered evidence that FDG-PET/CT may be more sensitive than
MRI for detecting inflammation in GO. It also supports the results
of other studies that compared MRI and PET’s capabilities in
imaging inflammation (32). The results of FDG-PET and MRI in
the diagnosis of aortitis were comparable, according to Meller’s
report from 2003, however, FDG-PET imaging revealed more
vascular regions engaged in the inflammatory process (18).
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A study by Nakamura et al. compared the various physiological
FDG accumulations in the head and neck area with pathological
FDG accumulation caused by tumors. It might be challenging to
predict malignancy on PET imaging because physiological FDG
accumulation can often be confused with pathological
accumulation in normal tissues of the head and neck. According
to the study, the sublingual gland, extraocular muscle, and tonsil
showed relatively high physiological cut-off values for SUVmax
with poor diagnostic accuracy. For extraocular muscle, SUVmax of
10.0 was considered the optimal cut-off value for differentiating
tumor from physiological accumulation. A SUVmax of > 1.5 or the
presence of a significant metabolic asymmetry is highly suspicious
of a tumor (33).

The prospective study by Garcia-Rojas et al. was the first to
describe the physiological FDG uptake levels in extraocular muscles
and to compare them with patients with Graves” ophthalmopathy.
Patients with and without GO showed statistically different FDG
uptake of the extraocular muscles (p 0.05). FDG-PET/CT
might be helpful in determining the inflammatory status
when a clinical or serological dispute exists because there is no
objective technique to distinguish the active inflammatory
alterations from fibrosis. Results indicated that PET/CT may be a
valuable imaging technique for the accurate identification of
inflammatory as well as morphological orbital abnormalities in
GO patients (28).

The same author proved a lack of correlation between 18-FDG
extraocular muscle uptake and either the clinical inflammation
score or muscle diameter in research published the following year
(28). 18-FDG uptake is a sensitive marker of inflammation, however
in GO inflammation may be clinically present in PET/CT-negative
cases, but also patients with negative clinical findings may show
inflammation in PET/CT (1, 18). Although the strength and size of
the sample in this study limited the conclusion that there was no
link, a statistically significant difference in the degree of
inflammation determined clinically using the VISA classification
and FDG-PET was not identified. The various onset periods of the
patients’ hyperthyroidism and ophthalmopathy, as well as their
varied hormonal conditions, were additional limitations. 18-FDG
PET may detect cases in which clinical assessment is confusing and
VISA is not precise. Morphological changes are completely
independent of the degree of inflammatory activity. The
morphological study is useful for evaluating orbital anatomy, but
according to this study, it may not determine the inflammatory
status of the orbital structures. Still, as previously published by his
group, patients with GO did have increased FDG uptake compared
with patients without GO (1, 28).

According to a 2017 study by Uslu-Besli, orbital FDG-PET/
CT may be able to detect orbitopathy in Graves’ disease earlier
than MRI or CT. The extraocular muscle uptake in patients with
Graves’ disease was increased regardless of muscle thickness,
suggesting that FDG PET/CT may be able to detect inflammation
in extraocular muscles before morphological alterations take
place (34). This finding potentially facilitates the selection of
individuals with active inflammation in the extraocular muscles,
which is crucial for treatment planning. Extraocular muscle uptake
was not seen after corticosteroid prophylaxis administration to GO
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patients following radioiodine treatment. Radioiodine therapy was
shown to be a risk factor for the development or worsening of
orbitopathy in patients without prophylaxis. Smoking was another
independent risk factor for the onset of GO. When SUVmax values
for each RM were evaluated before and after radioiodine therapy,
smokers did not exhibit any changes in the SUVmax values.
However, there was a statistically significant SUVmax increase in
all RMs in the nonsmoker group. The study’s weaknesses included
the small number of patients and the absence of MRI correlation,
which is considered the modality of choice for GO detection (34).
The retrospective study by Elourimi et al. was the first to
examine at the potential use of FDG-PET/CT for the etiological
workup of orbital inflammatory disorders (IOD). OID may be
the ophthalmological manifestation of systemic disorders
(SD), such as Graves’ disease, adult-onset asthma and periorbital
xanthogranuloma (AAPOX), sarcoidosis, granulomatosis with
polyangiitis (GPA), lymphoma, crystal-storing histiocytosis
(CSH), or IgG4-related disease (IgG4-RD). This research offers
proof that nuclear imaging might be useful for diagnosing
underlying (but undiscovered) systemic disease and for accurate
disease staging at diagnosis. The researchers advise undertaking an
FDG-PET/CT as a second-line test if the results of the first line of
studies are negative (35). Supplementary Figures 1 and 2 present
MRI and PET/CT images of a patient with GO treated at our Clinic.

FDG-PET/MRI

The combination of PET and MRI utilizes the advantages of
both highly sensitive modalities in GO diagnostics.

Weber et al. confirmed that FDG-PET/MRI can evaluate the
disease activity in patients with GO and might prove beneficial for
the distinction of mild vs. moderate-to-severe vs. sight-threatening
GO in combination with the clinical assessment. It could also help
to identify the patients who require more aggressive treatment. The
limitation of PET/MRI imaging was that it lasts longer and requires
a precise setting to minimize eye motion artifacts. PET/MRI is
currently not recommended for clinical use but it can serve as an
academic tool to explain the pathophysiology of GO. Technical
progress towards shorter protocols and new tracers that are less
sensitive to confounding might enable the diagnosis of GO in PET/
MRI in the future (36).

A new direction for PET in Graves’
orbitopathy diagnostics

In 2019 Laban proposed the innovative use of Zirconium-89
labeled PET/CT imaging of GO as a diagnostic method to select
potential patients that might benefit from rituximab treatment used
i.e. rheumatoid arthritis. The study showed that 3 out of 4 patients
with intense 89Zr-rituximab uptakes in orbital inflammatory disease
responded well to rituximab treatment (37). Bart de Keizer et al. also
presented a case report where they described a patient with GO
resistant to intravenous glucocorticoids (GCs). PET-CT performed 3
days after 89Zr-rituximab showed high uptake in thickened medial
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RM of the left eye with SUVmax of 5.9 and the superior RM of the
right eye with SUVmax of 5.2. Because of the high 89Zr-rituximab
uptake, the patient received rituximab treatment (38).

87r-rituximab-PET has the potential to detect B cell-mediated
disease within the orbit and ocular adnexa. It may also help to
distinguish the inflammatory and lymphoproliferative disorders from
other orbital diseases and to select the patients with orbital
inflammatory disease (including GO) that might benefit from
rituximab treatment (38).

A case report by Pichler et al. demonstrated the possible utility
of gallium (Ga) labeled PET/CT in GO diagnosis (39). The 8Ga-
labeled [1, 4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid]-1-Nal3-octreotide (DOTA-NOC) PET/CT, routinely used to
detect the somatostatin receptors in neuroendocrine tumors (NET),
was performed in the patient presenting with chemosis, eye paresis
and laboratory markers of GO. The assumption of this method is
based on the expression of somatostatin receptors found on
activated T lymphocytes (40). The examination showed increased
accumulation of the radiotracer in the thyroid and single inferior
RM, representing active orbitopathy.

The summary of the available FDG/PET research is presented
in Supplementary Table 1.

Summary and conclusions

Imaging studies frequently leave doubts about the persistence of
GO activity after treatment.

They allow the exclusion of significant muscle involvement by
the inflammatory process in symptomatic patients. However, in
doubtful cases the assessment of activity with SPECT or FGF-PET
can be a valuable diagnostic tool in the decision-making process,
limiting the use of often very costly for health systems and
burdensome for the patient therapies.

Of note, the presence of muscle damage, imaging studies are not
sensitive enough to assess GO activity. Assessment of local
inflammation can be based on FDG-PET/CT and also the new
methods correlated with FDG-PET/CT, such as Zirconium-89
labeled PET-CT or FDG-PET/MRI likewise, the less common
available technique 99mTc-DTPA SPECT. They can be an be a
viable tool in GO activity evaluation, treatment method
determination, and treatment efficacy assessment, although they
all need more accurate confirmation on a bigger group of patients.

The problem in the FDG-PET/CT evaluation remains the
methodology of GO activity assessment with defined cut-off values
for radionuclide concentration and the appropriate period of time after
the end of therapy, when a follow-up examination should be performed.
Standardized units of value (SUV) have to be established and validated,
before this method would be considered in daily clinical practice.
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