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SUMMARY

The purpose is to acquaint readers with the contribution of imaging methods (IMs) of the orbit, specifically computed tomography (CT) and magnetic
resonance imaging (MRI), in the diagnosis of thyroid-associated orbitopathy (TAO).

Methods: IMs of the orbit are an indispensable accessory to the clinical and laboratory examination of TAO patients. The most frequently used and
probably most accessible method is an ultrasound examination of the orbit (US), which, however, has several limitations. Other methods are CT and
MRI. Based on the published knowledge implemented in our practice and several years of experience with the diagnosis and treatment of TAO patients,
we would like to point out the benefits of CT and MRI in the given indications: visualisation of the extraocular muscles, assessment of disease activity,
diagnosis of dysthyroid optic neuropathy and differential diagnosis of other pathologies in orbit. Our recommendation for an ideal MRI protocol for
disease activity evaluation is also included.

Conclusion: IMs play an irreplaceable role not only in the early diagnosis of TAO but also in monitoring the disease and the response to the treatment.
When choosing a suitable IM for this diagnosis, several factors must always be considered, not only availability, cost, and burden for the patient, but
especially the sensitivity and specificity of the given method for the diagnosis of TAO.
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INTRODUCTION

Thyroid-associated orbitopathy (TAO) is a chronic ocular
disease with a demonstrated link to thyroid autoimmunity.
The consequences of this disease may be relatively serious,
causing a pronounced deterioration of patients’ quality of
life. As a result, timely diagnosis of TAQO is of major importan-
ce for the further course of the disease. However, determi-
ning the correct TAO diagnosis from the clinical picture and
laboratory values may be challenging. Diagnostic problems
appear especially if the condition is markedly asymmetrical,
with the affliction of only one eye, and if there is a lack of
data about previous or ongoing thyroid disease in the pa-
tient’s medical history. In these cases, determining the co-
rrect diagnosis is often the result of a relatively extensive
investigation, in which valuable assistance is provided by
imaging methods (IMs) of the orbit. The advantages and
disadvantages of the most commonly used IMs of the or-
bit in TAO patients are frequently discussed in the literature
[1,2]. Ultrasound diagnosis is a quick, non-invasive, and wi-
dely used method. It enables not only an assessment of the
width of the extraocular muscles but also provides informa-
tion about the degree of edema in the muscles. However, its
disadvantages are low reproducibility and dependency on
the examiner's experience [3]. Computed tomography (CT)
is a widely available and relatively quick method. However,
it represents a burden by exposing the patient to ionizing
radiation. The advantage of magnetic resonance imaging
(MRI) when compared to CT is better differentiation of the
orbital soft-tissue structures, the possibility of evaluating
the activity of TAO and the zero-radiation dose. Neverthe-
less, MRI examination is often more time consuming and
more expensive than CT. Scintigraphy of the orbit is used
only rather in exceptional cases.

In the overwhelming majority of today’s clinical practi-
ce, patients are observed with ultrasonography (US). Ne-
vertheless, US of the orbit and extraocular muscles requi-
res considerable experience, and as a result in practice we
often encounter situations in which the ophthalmologist
or endrocrinologist refer patients for MRI or CT examinati-
on of the orbit. A correctly formulated request, and there-
fore also choice of IM (examination protocol for IM) should
guarantee a clinically satisfactory result.

This review aims to provide readers with a comprehensi-
ble overview of the current possibilities of imaging methods
of the orbit, specifically CT and MRI, in diagnosing TAO. We
shall deal with the issue of US in another, follow-up study.
Briefly stated, it is possible to find indications, advantages
and disadvantages of both CT and MRI in the diagnosis of
TAQ in the Recommended Procedure for the Diagnosis and
Treatment of Thyroid-Associated Orbitopathy, amendment
3/2022, which is freely available for download on the pages
of the Czech Endocrinology Society and Czech Ophthalmo-
logy Society of J. E. Purkyné [4,5]. We aim to elaborate upon
this issue in further detail, and in particular to highlight the
benefits of the individual methods in the given indications:
imaging of the width of the extraocular muscles, evaluation
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of the activity of the disease, diagnosis of possible compressi-
on of the optic nerve, differential diagnosis of other patholo-
gical conditions within the orbit, and also to draw attention to
the limitations of these methods. Also included in the review
are our recommendations for an appropriate MRI protocol to
evaluate the disease’s activity, which we are also now using
in our clinical practice. In the text we start out from both pu-
blished observations and from long-term experiences with
the diagnosis and treatment of TAO at our centre. The text is
designated not only for ophthalmologists and endocrinolo-
gists, who most often refer patients for these examinations,
but also for radiologists, who by choosing the proper exami-
nation protocol can make a significant contribution to the
successful treatment of this serious pathology.

MAGNETIC RESONANCE IMAGING

Examination principle, used methods

Magnetic resonance imaging (MRI) uses a physical phe-
nomenon known as nuclear magnetic resonance (NMR).
This phenomenon has been described in the literature
since 1940 [7]. Imaging with nuclear magnetic resonance
appeared after 1970, and to ensure better acceptance on
the part of the lay public, the word nuclear was omitted,
and the title MRl was adopted [7].

In magnetic resonance imaging, we determine changes
of the magnetic moment of the nuclei of elements with an
odd proton number exposed to a strong static magnetic field
followed by the application of radio frequency pulses. As a
consequence of the rotation of the atom nuclei around their
axis (spin), a magnetic field (magnetic moment) is created
around the nuclei with an odd proton number. The hydro-
gen atom TH contains a single proton in its nucleus, which
is widespread in the human body and is used in MRI. If we
insert the examined tissue into a strong external magnetic
field, the spins of the protons are arranged in one predomi-
nant direction. In this state, the magnetic moment of the pro-
tons performs two types of movement —firstly it rotates on its
axis (spin), and secondly along the perimeter of an imaginary
cone shape, which is referred to as precession. Application
of a radiofrequency pulse (electromagnetic wave within a
bandwidth of very short radio waves) at a frequency that is
identical to the frequency of precession of the proton leads to
a development of a physical phenomenon called magnetic
resonance. In that case, a deflection of the magnetic moment
from the original direction takes place by a certain angle,
as well as a synchronisation of the precession of all protons
(induction of phase coherence). After the application of the
pulse has been discontinued, there is a gradual return to the
original state. The time required to restore 63% of the original
value of longitudinal magnetisation is termed the T1 relaxa-
tion time. The time required for harmonisation of precession,
leading to a decrease of transverse magnetisation to 37% of
the baseline value is termed the T2 relaxation time [8]. Both
depend primarily on the mass's composition in the vicini-
ty of the examined protons. These times are not measured
directly in MRI, but their differences in the individual tissues
are compared in individual sequences. T1- and T2-weighted
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images rank among the basic types of imaging in MRI. They
are used in imaging of the orbits, frequently in combination
with sequences with selective suppression of the signal from
adipose tissue. Selective fat suppression is possible by several
methods [9]. Upon imaging of the orbit, the most commonly
used method is inversion recovery, termed TIR (Turbo Inver-
sion Recovery), or also STIR (Short Tau Inversion Recovery).
Another frequently used method is “Fat-Sat”, i.e. Fat Satura-
tion (FS). In this method, the signal from adipose tissue is
suppressed by means of saturation pulse targeted at the
slightly different resonance frequency of the hydrogen in
fat tissue compared h the hydrogen in the other tissues and
fluids. In principle, the methods from the Inversion Recovery
group are less susceptible to the lack of homogeneity in the
magnetic fields that typically occurs near stomatological
material, the interface of air, bones and soft tissues. Howe-
ver, fat suppression by the Inversion Recovery method is not
specific only for fat, but causes the suppression of all tissues
that have the same T1 relaxation curve as fat. This does not
occur in the case of non-contrast imaging, because fat re-
laxes very rapidly in contrast with other tissues. In contrast
imaging, the T1 shortening due to the influence of the ga-
dolinium contrast medium may result in the undesirable
suppression of tissues other than fat. As a result, methods
from the Inversion Recovery group are not usually used
post-contrast. In comparison, methods using a saturation
pulse are specific for fat, and are used upon the administ-
ration of a contrast medium. However, their disadvantage
is susceptibility to the homogeneity of the magnetic field,
which, if not optimal, causes failure of fat supression, which
may lead to confusion with pathological tissue saturation in
contrast examination [9]. In the case of strong artefacts, we
encounter the failure of suppression of the signal from fat
tissue also in the sequences of Inversion Recovery.

Upon orbital MRI, layers with a width of 1 to 3 mm are
most frequently used in the transverse and coronal pla-

ne, and along the optic nerve in the parasagittal plane.
Our current MRI protocol for the examination of patients
with TAO is described below in the section focusing on the
assessment of TAO activity.

Indications, advantages and disadvantages of MRI
for patients with TAO

The main advantage of MRl is indisputably its capacity for
differentiation of individual soft-tissue structures and the
possibility of excellent spatial resolution. The main indica-
tions for MRI examination of the orbit in patients with TAO
are summarised in Table 1. In most cases, we first perform a
US examination of the orbit and extraocular rectus muscles
in patients with TAO (or suspected TAO). In the case of an
unequivocal clinical finding, confirmed thyroid disease, posi-
tive laboratory findings, and a corresponding finding on the
US, it is not necessary to refer the patient for further IMs of the
orbit. However, it is not at all exceptional that with the aid of
US we are unable to unequivocally verify conditions such as
expansion of the extraocular inferior rectus muscle in a high
supraorbital arch, if the clinical signs of activity are questiona-
ble and the US finding is unconvincing, or if the clinical ocular
finding is atypical. In such cases we always prefer to indica-
te MRI rather than CT, in particular due to the possibility of
describing the activity of the pathology. The advantages and
disadvantages of MRl are summarised in Table 2.

Evaluation of morphological changes in the orbit in
TAO by the use of MRI

For an evaluation of morphological changes, the axial and
coronal T1-weighted sequences are particularly clear without
fat suppression. However, it is also possible to use T2-weigh-
ted sequences or proton density sequences. For an evaluati-
on of morphological changes, the optimum method is “isot-
ropic” imaging with thin, contiguous cross-sections in which
the voxel (volume unit of tissue) is of a cube shape. This kind

Table 1. Indications for magnetic resonance imaging in thyroid-associated orbitopathy

o verification of extinction of activity before strabismus surgery
¢ suspected neuropathy dysthyroid optic neuropathy

e unavailability of ultrasound examination (or experienced examiner)

e verification of suspicious but not unambiguous findings during ultrasound examination

e exclusion of other pathology in the orbit (atypical clinical picture, TRAK/TSI negativity — antibodies to TSH receptors)
e monitoring the effect of therapy if ultrasound is insufficient or not available

o verification of disease activity before initiation or change of immunosuppression

Table 2. Advantages and disadvantages of magnetic resonance imaging of the orbit in patients with thyroid-associated orbitopathy

Advantages

Disadvantages

e excellent soft tissue imaging

e multiplanar reconstruction

e thin cuts

e evaluation of disease activity (differentiation of active and
inactive phases of the disease)

e no radiation load

e worse imaging of bone structures, calcifications
e longer investigation time
e patient cooperation if necessary

e in claustrophobic patients can only be used under general anesthesia

e it is not normally possible to perform MR with incompatible
electronic implants (pacemaker...)
e greater financial demands
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of imaging not only achieves excellent spatial resolution, but
the source data can be reformatted in order to obtain a cross-
-section in any plane. It is therefore possible to evaluate the
extraocular muscles either in the anatomical coronal plane
or in a diagonal plane perpendicular to the long axis of the
orbit. Typical morphological changes in TAO detected on MRI
include a finding of a bilateral spindle-shaped expansion of

the belly of the extraocular rectus muscles (Fig. 1,2), in which
the muscle tendon remains relatively unaffected. This symp-
tom is considered of fundamental significance in differential
diagnosis of TAO and orbital myositis; nevertheless, affliction
of the tendon does not exclude a diagnosis of TAO [10]. An
increase of the intra- and extraconal volume of fat may also
be evident [11]. In the axial cross-section it is possible to verify

Figure 1. Magnetic resonance — axial image at the level of orbits of a patient with thyroid-asso-
ciated orbitopathy, nonenhanced T1-weighted image: left medial rectus muscle is enlarged,

with tendinous insertion spared (arrow)

Figure 2. Magnetic resonance - coronal image at the level of orbits of a patient with thyroid-
-associated orbitopathy, fat-suppressed nonenhanced T1-weighted image: bilateral intraocular
muscles enlargement more pronounced on right side
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the degree of protrusion of the eyeball in front of the inter-
zygomatic line [12]. MRl is also beneficial in the diagnosis of
potential optic nerve damage upon a background of TAO
[13]. Typical symptoms include “apical crowding syndrome”
- a markedly increased diameter of the extraocular muscles,
“flattening” of the optic nerve in the apex region, proptosis,
expansion of the upper ophthalmic vein and dislocation of
the lacrimal gland in an anterior direction. Another possi-
ble symptom of neuropathy upon a background of TAO is
intracranial prolapse of orbital fat across the upper orbital
aperture. We assess the risk of optic neuropathy by measu-
ring the width of the extraocular muscles and the orbit’s size
at the halfway point between the dorsal margin of the eye-
ball and the orbital apex with the aid of the “Barrett’s index”
[14]. The measurement methodology is illustrated in Fig. 3.
A value of the index lower than 50% virtually excludes optic
neuropathy. In comparison, by contrast values of the index
above 60% are highly sensitive and specific for neuropathy
[15]. It is necessary to point out here that the original studies
started out with measurement based on CT. Still, concerning
the quality of the current MRI instruments and good spatial
resolution, it is possible to apply the methodology also to MRI
without any difficulties, and this is the method we routinely
use in practice.

MRI evaluation of the activity of the disease

A particular advantage of MRI is the possibility of eva-
luating the disease’s activity upon a TAO background.
The presence of edema and inflammatory changes in the

muscles is indicated by prolonging the T2-relaxation time
independently of the degree of their enlargement [16]. It
has been demonstrated that a prolonging of the T2-relaxa-
tion time correlates with the activity of TAO expressed with
the aid of the CAS (Clinical Activity Score) [17,18], and that
it is therefore a potential predictor of the probable effect
of administered immunosuppressant treatment [19,20].

In order to differentiate active from inactive disease, se-
veral different authors have stipulated cut-off values of the
relative signal intensity (RIS) on T2-weighted images. We
refer to relative values because the measurement of the in-
tensity of the signal in MRI is always dimensionless and is
not standardised. The value depends on the specific confi-
guration of the sequence and on the technical parameters
of the given MRI scanner. We obtain the RIS as the ratio of
the signal of the affected muscle and the referential tissue,
which may for example be the temporalis muscle or the
thalamus. The RIS should be similar on various different
MRI scanners. Kirsch et al. demonstrated that an RIS value
of the most heavily affected muscle on T2 STIR/TIRM higher
than 2.5 correlates with CAS > 4 (sensitivity 75%, specificity
100%) [18]. However, they did not demonstrate a correlati-
on with CAS > 3. The temporalis muscle was used as a refe-
rential tissue. Politi et al. determined a cut-off value of 2.23
for the extraocular medial rectus muscle in comparison with
the temporalis muscle in order to determine active disease
(CAS = 3, sensitivity 100%, specificity 78%) [21].

Another possibility for analysis, instead of evaluating the
T2 signal intensity, is to assess the course of the T2 relaxa-

Figure 3. Thin MR coronal slice at a point halfway between the orbital apex and posterior
margin of the globe: technique for measuring Barrett's index based on measurements of
thickness of extraocular muscles (A, B) and orbital width/height (C) through the optic nerve
to assess the risk of dysthyroid optic neuropathy. The index is calculated for each eye sepa-
rately and both horizontal and vertical indices are measured, in which only the larger of the
two indices is taken into account. An index value of less than 50% almost excludes optical
neuropathy - calculation formula (A+B)/Cx100
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Table 3. Our MRI protocol aimed at evaluation of disease activity

Sequence Plane Slice thickness Purpose
m saaittal 5mm navigation for selection of the axial and coronal planes evalua-
9 tion of the shape of the muscle bellies and tendons
. evaluation of proptosis evaluation of the shape of the muscle
T1 axial 3mm .
bellies and tendons
T1FS coronal 3mm measurement of thickness of the muscle bellies
T2 STIR coronal 4mm evaluation of the activity
T2 relaxometry coronal 5mm evaluation of the activity
DWI (diffusion) coronal 3mm evaluation of the activity
3D GRET2 arbitrary 0,7 mm complex evaluation of the orbital anatomy

FS - fat saturation, STIR - short tau inversion recovery, DWI - diffusion-weighted imaging, GRE - gradient echo

tion curve, termed relaxometry. Its output is the actual T1
relaxation time stated in milliseconds [22,23].

A further option for assessing activity is to evaluate
the degree of diffusivity of the water molecules in the
affected muscles. In active muscles there is an incre-
ase of diffusivity, which we refer to as facilitation of
diffusion. It has been demonstrated that the degree
of diffusivity correlates with CAS [21]. Another alter-
native is dynamic contrast examination, in which we
evaluate the time course of the signal intensity on T1
following the intravenous administration of a gadoli-
nium contrast medium. The shapes of the contrast sa-
turation curves of the extraocular muscles have been
described, enabling differentiation between active
and inactive disease [24].

In addition to the possibilities mentioned above for
detecting activity, new and advanced methods are being

investigated, such as T2 mapping or the use of artificial
intelligence [25,26].

A disadvantage of MRI in our experience, is the relative-
ly frequent occurrence of susceptibility artefacts, which we
find near the ethmoids or the maxillary cavity, which may
distort the intensity of the signal of the adjacent extraocu-
lar muscle, and thereby also the evaluation of the activity.
A disadvantage of dynamic contrast examination is the in-
travenous application of gadolinium, which means a lower
level of comfort for the patient and a higher examination
price. The administration of a contrast medium for patients
with TAO is unnecessary, because if we evaluate the activi-
ty based on T2 and diffusion-weighted images, we do not
administer a contrast medium. Administration of a contrast
medium is necessary in the case of suspicion of neoplasia.

The protocol we use at present is focused primarily on the
evaluation of activity and is described in Table 3. With the pro-

Figure 4. Magnetic resonance - coronal image of orbits, T2 weighted fat-suppressed STIR image
(short tau inversion recovery) showing increased signal of left inferior rectus muscle
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Figure 5. Patient with active form of thyroid-associated orbitopathy, already with diplopia in
forward gaze (A), in which slight hypotropia of the left eye is evident when looking up (B),
when limitation of elevation is noticeable in the left eye

tocol, we recommend including one of the gradient T2-wei-
ghted sequences, with isotropic imaging and thin contiguous
cross-sections, which is suitable for assessing the anatomical
conditions, but is not appropriate for evaluating the signal
intensity to assess activity. For example, on our scanner this
concerns a CISS sequence (Constructive Interference in Stea-
dy State). An example of MRI focused on the activity of the
disease is presented in Fig. 4, where expansion of the left infe-
rior rectus muscle is evident, with signs of the pathology. An
image of a patient with this MRI finding and corresponding
motility disorder in the left eye is presented in Fig. 5.

This protocol has proven its worth in our practice, and
has made a significant contribution especially in conten-

Table 4. Indications for computed tomography in thyroid-asso-
ciated orbitopathy

e before decompression of the orbit

e when it is necessary to view bone structures
e uncertain diagnosis (unavailability of MRI)

e exclusion of other pathology in the orbit

tious cases, which we have encountered with increasing
frequency in recent times. This, in particular, concerns in-
sidious progressive myopathic forms in which the main
symptom of TAO is slowly manifesting diplopia. Patients
frequently report to our centre with unclear information
about the duration of the complaint, they have only small
clinical activity (CAS <3) throughout the entire duration of
the symptoms, and therefore the indication for applica-
tion of pulse therapy with corticosteroids is borderline. If
we unequivocally confirm signs of activity of the disease
in this case on MRI, in our experience pulse therapy has a
substantial effect. However, this issue still requires a further
prospective study, on which we are currently working.

COMPUTED TOMOGRAPHY

CT is a diagnostic method that enables differentiation
between normal and abnormal tissue structures based on
different absorption of X-rays. Orbital fat and water absorb
fewer X-rays than the optic nerve or bone structures. As a
result, water and fat are shown on CT as hypodense, i.e.

Table 5. Advantages and disadvantages of computed tomography of the orbit in patients with thyroid-associated orbitopathy

Advantages

Disadvantages

e easily accessible

e short investigation time

e |ess cost than MRI

e good imaging of orbital apex, bone structures

e it is usually possible even with mild claustrophobia without general anesthesia

e not helpfull in assessing disease activity
e radiation load of the patient
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darker than the optic nerve or bones.

CT examination is quickly and widely available. It enables
detailed imaging of the orbital region and confirmation of
adiagnosis of TAO, or exclusion of other pathologies in the
orbit. In comparison with MRI, however, CT does not have
such quality contrast resolution in the imaging of soft tis-
sues. CT is able to distinguish fat tissues from muscles and
normal fat from edematous fat effectively, but it is unable

to evaluate edema of the muscles or optic nerve. Good si-
multaneous visualisation of the bone structures and soft
tissues is one of the reasons why CT examination is prefe-
rred to MRI before a planned decompression of the orbit.
On the other hand, it is necessary to consider the radiation
burden that this examination places upon the patient [27].
Indications for CT examination are presented in summary
in Table 4, and the main advantages and disadvantages of

Figure 6. Computer tomography —finding before decompression of orbit, excellent depicti-

on of bone structures

Figure 7. Computer tomography - finding after orbital decompression on left (arrow)
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this method in Table 5. An example of CT before decom-
pression of the orbit is presented in Fig. 6, and a finding
after decompression of the orbit in Fig. 7.

In patients with suspected thyroid disease and TAO, it
is recommended that only non-enhanced CT is indicated,
without administering an iodinated contrast medium (ICM)
[4], which could lead to a better differentiation of soft-tis-
sue structures. The high quantity of iodine contained in the
contrast medium could lead to “contrast-induced thyroid
dysfunction”. This alteration of function of the thyroid gland
may be in the sense of the development of hyper and hy-
pofunction. In the literature the incidence is stated within a
wide range of 1-15 %. Hyperfunctions are more commonly
described in regions with an iodine deficiency and in pati-
ents with multinodular goitre or latent Graves-Basedow di-
sease. Patients with autoimmune (Hashimoto's) thyroiditis
and patients in countries with sufficient iodine supplemen-
tation are more commonly at risk of contrast-induced hypo-
functions of the thyroid gland.

The recently recommended procedures do not re-
commend routine laboratory examination of thyroid
hormones before each CT examination with the use of
an ICM; nevertheless, the possibility of untreated thyroid
disorder should be clinically evaluated. However, exami-
nation with the use of an ICM is not recommended for
patients with known and uncontrolled thyroid hyperfun-
ction (therefore in certain patients examined for TAO).
In this case other available imaging methods should be
chosen. However, for patients with adequately treated
hyperfunction or hypofunction, the use of an ICM is not
contraindicated. Following the examination with an ICM
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