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Abstract

Resumo

Objective: To assess the prevalence of changes on computed tomography (CT) in Graves’ orbitopathy (GO) and to correlate those
changes with disease activity, as well as with clinical and biochemical variables.

Materials and Methods: This was a retrospective study, conducted at a tertiary hospital, of clinical, biochemical, and imaging
data from consecutive patients with GO who underwent at least one orbital CT scan between July 2012 and December 2020. A
single observer quantified the thickness of the extraocular muscles and the degree of proptosis. Clinical and biochemical vari-
ables were analyzed to determine whether they correlated with CT changes, GO activity, and GO severity.

Results: Our sample included data from 67 patients with GO (134 orbits), 50 (74.6%) of whom were female. There were positive
correlations between the clinical activity score and increase in thyroid-stimulating factor/free thyroxine, between the severity of
GO and the increase in the thickness of the extraocular muscles, and between the degree of proptosis and muscle thickness.
Conclusion: Orbital CT proved effective in detecting thickening of the extraocular muscles and proptosis in patients with GO,
changes that correlated significantly with clinical and biochemical variables. Muscle thickening was associated with the severity
of GO and could be a biomarker of the risk of vision loss.

Keywords: Graves ophthalmopathy; Tomography, X-ray computed; Oculomotor muscles; Exophthalmos.

Objetivo: Conhecer a prevaléncia de alteragoes tomograficas na orbitopatia de Graves (OG) e correlaciona-las com atividade da
doenca e variaveis clinico-laboratoriais.

Materiais e Métodos: Estudo retrospectivo, em hospital terciario, com dados clinico-laboratoriais e tomograficos de pacientes
consecutivos portadores de OG, com pelo menos uma tomografia computadorizada de érbitas entre julho de 2012 e dezembro
de 2020. Um Unico examinador quantificou a espessura da musculatura ocular extrinseca e o grau de proptose. Variaveis clinico-
laboratoriais foram correlacionadas com alteracoes tomograficas, atividade e gravidade da OG.

Resultados: Foram incluidos 67 pacientes com OG (134 6rbitas), sendo 50 do género feminino (74,6%). Houve correlacao positiva
entre o escore de atividade clinica e aumento de TSH/T4 livre, entre a gravidade da OG e aumento da espessura da musculatura
extrinseca, e entre o grau de proptose e espessamento muscular.

Conclusao: A tomografia computadorizada de drbitas se mostrou efetiva na deteccao do espessamento da musculatura ocular
extrinseca e da proptose em pacientes com OG, alteracdes que se correlacionaram de forma significativa com variaveis clinicas e
bioquimicas. O espessamento muscular se associou com a gravidade da OG e pode ser um biomarcador de risco de perda da visao.

Unitermos: Oftalmopatia de Graves; Tomografia computadorizada por raios X; Mlsculos oculomotores; Exoftalmia.

INTRODUCTION

The diagnosis of GO is based on clinical findings and

Graves’ orbitopathy (GO), or dysthyroid orbitopathy, is
the most relevant extrathyroidal manifestation of Graves’
disease. It is an autoimmune inflammatory condition that
leads to remodeling of the orbital tissues and hypertrophy
of the extraocular muscles; it can cause mild changes in
the ocular surface, eyelid retraction, proptosis, and even
permanent loss of vision due to optic neuropathy!"?),
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laboratory tests. However, imaging examinations are vital
to exclude differential diagnoses, such as orbital tumors,
evaluate the initial orbital changes, assess disease progres-
sion, and plan treatments and surgical interventions®?.
The choice of the appropriate imaging test should
consider availability, cost, and burden to the patient. Al-
though practical and economical, ocular ultrasound does
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not allow a detailed assessment of the extraocular muscles.
Although magnetic resonance imaging is more accurate
for the volumetric evaluation of tissues and inflammatory
activity, it is costly and, in Brazil, is still difficult to access
via the Brazilian Unified Health Care System®®. Com-
puted tomography (CT) of the orbits is a practical, cost-
effective examination that allows assessment of the bony
anatomy of the orbit and measurements of the extraocular
muscles, which aids in the early detection of GO, even be-
fore the clinical signs of the disease appear”®. However,
there have been few studies aimed at validating CT for use
in diagnosing and managing GO.

The aim of the present study was to employ CT in de-
termining the prevalence of ocular alterations in patients
with GO, correlating the CT findings with clinical data,
biochemical data, and GO activity.

MATERIALS AND METHODS

This was a retrospective, single-center study conducted
at a tertiary care hospital that included consecutive pa-
tients > 18 years of age with GO, diagnosed according
to the criteria established by Bartley et al.”, in different
stages of the disease. The patients were monitored regu-
larly by a team of ophthalmologists and endocrinologists,
with complete clinical and biochemical data and at least
one orbital CT examination performed between July 2012
and December 2020. The study was approved by the Re-
search Ethics Committee of the Faculdade de Medicina
de Botucatu — Universidade Estadual Paulista “Julio de
Mesquita Filho” (Reference no. 3556843). Because of
the retrospective nature of the study, the requirement for
informed consent was waived.

Patients for whom there were no available clinical
data or laboratory test results during the study period were
excluded, as were those who had not undergone orbital
CT during the study period and those who had undergone
CT at another facility.

At the time of the CT scan, we collected data on dis-
ease activity—according to the criteria of the clinical activ-
ity score (CAS) and the European Group on Graves’ Orbi-
topathy (EUGOGO)—the thyroid-stimulating factor (TSH)
level, and the free thyroxine (T4) level, categorizing the
state as hyperthyroidism, hypothyroidism, or euthyroidism.

All images were acquired in one of two multidetec-
tor CT scanners—Activision 16 (Toshiba Medical Systems
Corporation, Otawara, Japan) or Optima 64 (GE Health-
Care, Arlington Heights, IL, USA)—with multiplanar re-
construction, using the orbit protocol, with a dedicated
field of view, a slice thickness of 1.0-0.5 mm and an in-
terslice gap of 0.6-0.5 mm, with modulated tube voltage
and current.

From the CT images, a morphometric analysis of the
extraocular muscles and an evaluation of the degree of
proptosis of the orbits were performed by the same exam-
iner, who was blinded to the clinical and biochemical data.
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For measurements of the thickness of the extraocular
muscles, the standards employed were those established
by Ozgen and Ariyurek"® and subsequently adapted by
Machado et al."? The inferior rectus muscle (IR) and the
superior complex (SC), composed of the superior rectus
muscle (SR) and the levator palpebrae superioris muscle,
were measured in the sagittal plane (Figure 1), whereas the
medial rectus muscle (MR) and the lateral rectus muscle
(LR) were measured in the axial plane (Figure 2).

The position of the globe was calculated by determin-
ing the distance between the interzygomatic line and the
posterior margin of the ocular globe at its central aspect, in
the axial plane. Proptosis was classified in degrees (Figure
3) according to the criteria established by Morax et al.'?,

The outcomes evaluated were the activity/severity of
GO, quantified by calculating the CAS and determining
the EUGOGO classification; the correlation between TSH
and CT findings; the correlation between free T4 and CT
findings; a change in the thickness of the extraocular mus-
cles; and a change in the position of the eyeball (proptosis).

The statistical analysis was performed with the Statisti-
cal Analysis System for Windows, version 9.4 (SAS Institute
Inc., Cary, NC, USA). Thickness variables were categorized
according to the reference standard. The associations that

Figure 1. CT of orbits in the sagittal plane: measurement of the thickness of
the muscle bellies of the SC and IR.

Figure 2. CT of orbits in the axial plane: measurement of the thickness of the

muscle bellies of the MR and LR.

Radiol Bras. 2024,;57:e20240040en
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Figure 3. CT scan of orbits in the axial plane: degree of proptosis. A: Grade 1
proptosis. B: Grade 2 proptosis. C: Grade 3 proptosis.

tomographic and clinical variables showed with disease
severity and activity were determined with the chi-square
test. Means and standard deviations were calculated to as-
sess the normality of the thickness variables. In all analyses,
the significance level was set at 5% or the corresponding
p-value.

RESULTS
Clinical and laboratory evaluation

Data from 67 patients (134 orbits) diagnosed with
GO at different stages of the disease were included, of
whom 50 (74.6%) were female. Patient ages ranged from

Radiol Bras. 2024;57:€20240040en

21 to 84 years, with a mean of 48 + 14.7 years. Fifteen
patients (22.4%) had diabetes, and 13 (19.4%) were cur-
rent smokers.

According to the CAS, 61 patients (91%) were in the
inactive phase of GO at the time of the CT scan. Accord-
ing to the EUGOGO severity criteria, 52 patients (77.6%)
had mild GO, 14 (20.9%) had moderate-to-severe GO,
and one (1.5%) had very severe GO.

The EUGOGO severity class did not correlate signifi-
cantly with sex (p = 0.4213) or age (p = 0.5527).

According to the levels of TSH and free T4, the status
was categorized as euthyroidism in 40 patients (60.6%),
hyperthyroidism in 18 (27.3%), and hypothyroidism in
eight (12.1%). Although there was a positive correlation
between altered TSH/free T4 levels and the CAS (p =
0.0052), those levels did not correlate significantly with
the EUGOGO severity classification (p = 0.742).

Morphometric evaluation of extraocular muscles

The data regarding the general thickness measure-
ments of the extraocular muscles MR, LR, and IR, as well
as those of the SC, are presented in Table 1. In both eyes,
the mean values were highest for the IR: 5.79 mm in the
right eye (oculus dexter—OD) and 5.51 mm in the left eye
(oculus sinister—OS). However, the proportion of cases in
which a change in thickness was more significant for the
LR: 79.1% in the OD and 76.1% in the OS.

Table 2 shows the mean values of extraocular muscle
thickness on the 67 CT examinations analyzed. The IR pre-
sented the highest means on the examinations that showed
alterations from GO, followed by the SC, MR, and LR in
both eyes. The sequence was IR, MR, SC, and LR in nor-
mal volumetric analysis. The mean values of muscle thick-
ness in the studied population were as follows: MR (OD =
4.3 mm and OS = 4.1 mm), LR (OD = 3.5 mm and OS =
3.6 mm), IR (OD = 4.8 mm and OS = 4.6 mm), SC (OD
= 4.1 mm and OS = 4.0 mm). The MR and IR values were
close to the international reference values, whereas the LR

values were higher and the SC values were lower'?,

Table 1—Thickness values (mm) of the extraocular muscles in 67 patients (134
orbits) with GO.

Frequency

Reference

Mean* Mean SD Min. Max. Median Normal Altered
Muscle  (mm) (mm) (mm) (mm) (mm) (mm) n (%) n (%)
MR OD 4.2 5.08 126 32 9.7 49 40(59.7) 27 (40.3)
LR OD 33 512 128 22 97 51 14(20.9) 53(79.1)
IR OD 4.8 579 176 28 130 54 44(65.7) 23(34.3)
SCOD 4.6 469 141 23 87 46 52(77.6) 15(22.4)
MR 0S 4.2 486 122 21 96 4.8 40(59.7) 27 (40.3)
LR 0OS 3.3 494 117 24 84 47 16(23.9) 51(76.1)
IR 0S 4.8 551 188 23 128 50 46(68.6) 21(31.4)
SC 0S 4.6 459 134 23 17 54 51(76.1) 16(23.9)

* Reference means: Ozgen and Ariyurek®®, adapted by Machado et al.*v.
SD, standard deviation; Min., minimum; Max., maximum.
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Table 2—Comparison between the mean values for thickness of the extraocu-
lar muscles, considering the 67 CT examinations (134 orbits), by whether the
measurements were categorized as normal or altered.

Measure- CTs Mean SD  Min. Max. Median 95% Cl

Muscle  ments (n) (mm) (mm) (mm) (mm) (mm) (mm)
MROD  Altered 27 619 123 4.6 9.7 5.8 5.70-6.67
Normal 40 434 052 32 51 4.4 4.17-4.51
LROD  Altered 53 554 106 40 97 53 5.25-5.83
Normal 14 352 0.62 22 44 3.6 3.16-3.88
IROD Altered 23 758 1.80 55 13.0 7.2 6.80-8.36
Normal 44 485 070 28 58 495 4.64-5.06
SCOD  Altered 15 6.75 097 56 87 6.3 6.22-7.29
Normal 52 410 0.85 23 5.6 43  3.86-4.33
MROS  Altered 27 596 104 50 96 56  5.54-6.37
Normal 40 413 0.66 21 53 425 3.92-4.34
LR OS Altered 51 535 099 42 84 50 5.07-5.63
Normal 16 3.63 057 24 44 3.7 3.33-3.94
IR 0S Altered 21 749 208 55 128 6.9 6.54-843
Normal 46 4.61 0.77 23 6.0 47  4.38-4.84
SCOS  Altered 16 648 063 56 7.7 6.4 6.14-6.81
Normal 51 40 088 23 6.0 41  3.76-4.25

SD, standard deviation; Min., minimum; Max., maximum; Cl, confidence interval.

Among the 90 eyes (180 orbits) evaluated by CT in the
67 patients in our sample as a whole, the altered thickness
values were similar to those obtained for the subsample
in which we considered only one examination per patient
and followed the sequence IR, SC, MR, and LR. In the
normal examinations, the slight difference in the size of
the sample (13 eyes; 26 orbits) did not alter the values
found for the MR (OD = 4.3 mm and OS = 4.1 mm), IR
(OD = 4.8 mm and OS = 4.6 mm), or SC (OD = 4.1 mm
and OS = 4 mm). The LR values were minimally higher
(OD = 3.6 mm and OS = 3.7 mm).

The correlation between thickness values and GO ac-
tivity did not show statistical significance. However, the
thickness values did show a positive correlation with the

EUGOGO disease severity classification (Table 3).

Table 3—Correlation between the thickness values of the extraocular muscles
and the EUGOGO severity classification in 90 CT examinations (180 orbits).

EUGOGO classification
Thickness Mild Moderate/Severe Total

Muscle (mm) n (%) n (%) (n) P

MR OD Altered 20(32.3) 17 (60.7) 37 0.0111
Normal 42 (67.7) 11 (39.3) 53

LR OD Altered 45 (72.6) 22 (78.6) 67 0.5464
Normal 17 (27.4) 6(21.4) 23

IROD Altered 18 (29.0) 16 (57.1) 34 0.0109
Normal 44 (71.0) 12 (42.9) 56

SC 0D Altered 9(14.5) 12 (42.9) 21 0.0033
Normal 53 (85.5) 16 (57.1) 69

MR 0S Altered 20(32.3) 17 (60.7) 37 0.0111
Normal 42 (67.7) 11 (39.3) 53

LR OS Altered 43 (69.4) 19 (67.9) 62 0.887
Normal 19 (30.6) 9(32.1) 28

IR 0S Altered 15 (24.2) 15 (53.6) 30 0.0062
Normal 47 (75.8) 13 (46.4) 60

SC 0S Altered 9(14.5) 15 (53.6) 24 0.0001
Normal 53 (85.5) 13 (46.4) 66

Assessment of the globe position

The correlation analyses between proptosis and the
CAS/EUGOGO criteria revealed no statistically signifi-
cant differences. However, there was a positive correla-
tion between proptosis and thickening of the extraocular
muscles in both eyes, except for the MR in the right eye
(Figures 4 and 5). The zero values make it difficult to esti-
mate the effect of the statistical significance of IR and SC.

DISCUSSION

Imaging examinations allow early detection of GO,
even before the appearance of clinical and biochemical
changes'>!), Because it is an accessible imaging modal-
ity that enables the evaluation of changes in the extraoc-
ular muscles, proptosis, and signs of compression of the
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Figure 4. Correlation between the
degree of proptosis and thickening
of the extraocular muscles in ODs.
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optic nerve™® CT is an essential tool for diagnosing and
monitoring orbitopathy.

In the present study, the prevalence of alterations seen
on CT in at least one eye was high (88.05% for proptosis
and 80.59% for a change in muscle thickness). Of the pa-
tients in our sample, 91% presented no orbitopathy activ-
ity at the time of the CT examination, and 60.6% were
categorized as being in a state of euthyroidism. These find-
ings confirm that GO presents an evolution independent
of the activity of Graves’ disease and that stable thyroid
function does not interfere with the regression or stabiliza-
tion of the ocular condition!®!7),

Among the CT examinations considered normal in
our sample, the extraocular muscle thickness values were
within the international reference range established in
1988 by Ozgen and Ariyurek!!?, based on their analysis
of a sample of patients in Turkey. There is no reference
table with measurements that represent the normal values
for the Brazilian population. The IR presented the highest
mean thickness by the reference standard'”. Among the
CT examinations that showed alterations, the IR also pre-
sented the highest mean values, followed by the SC, MR,
and LR. Although this sequence of thickening differs from
that found in the literature, which is IR, MR, SR, LR, and
the oblique muscles (easily remembered by the mnemonic
“I'M SLOw”)'® it is in agreement with the results of pre-
vious studies that compared the increase in thickness with
the degree of proptosis!®!?). According to those studies,
the IR-MR-SR-LR sequence would occur in grade 2 and
grade 3 proptosis, whereas in grade 1 proptosis, the SC
would be more affected than the MR.

In our sample, it was impossible to demonstrate a
positive correlation between the activity of the orbitopathy
and the increase in muscle thickness, as has been shown
in other studies®*?"), The probable reason for this finding
is that the vast majority of our patients were in a state of
euthyroidism and showed no orbital inflammatory activity
at the time of the CT examination. However, there was a

Radiol Bras. 2024;57:€20240040en

positive correlation between the disease severity and the
increase in muscle thickness, except for that of the LR
muscle. The small number of patients with severe or very
severe GO in our population could explain that finding,
given that the involvement of the LR typically occurs late
in the course of GO®?.

In our study, the most common grade of proptosis was
grade 1, with a frequency of 43.3% in the right orbit and
46.3% in the left orbit. The proptosis was unilateral in 8% of
the patients and asymmetric in 10%. Among patients with
GO, studies have estimated the prevalence of unilateral
disease to be between 4.5% and 14.0%?327, whereas the
estimated prevalence of asymmetric disease is 9—34%372),
Current evidence suggests that patients with asymmetric
or unilateral GO can progress to bilateral involvement and
greater disease severity®>2%, In daily clinical practice, uni-
lateral involvement in GO must be differentiated from that
attributable to other diseases that affect only one eye, and
orbital CT can facilitate that differentiation®?.

In the present study sample, proptosis did not corre-
late with GO activity or severity. Strianese et al.?"
found no relationship between the CAS and the degree of
proptosis in patients with GO. According to those authors,
the degree of proptosis is not an appropriate criterion for
monitoring asymmetric cases. In their correlation analy-
ses between proptosis and muscle thickening, there was
a positive correlation, except for the MR, in the left eyes
of the patients studied. Other studies have suggested that
the severity of proptosis is more related to the increase in
adipose tissue than to muscle thickening®*3%
Abreu®® suggested that expansion of the muscle bellies
in the posterior region of the orbit could facilitate venous
ectasia at the apex, perpetuating proptosis and conges-
tion, potentially causing glaucoma secondary to trabecu-
lar meshwork dysfunction, neuropathy due to optic nerve
compression, or permanent vision loss.

Our study has some limitations. The patient sample
was relatively small, and all of the patients were evaluated

also

. However,
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at the same center, a university hospital. There could also
have been selection bias due to the retrospective nature
of the study. Multicenter studies with larger sample sizes
could increase the reliability of the results. Another limita-
tion of our study was that all orbital measurements were
performed by the same examiner, which precluded any as-
sessment of interobserver agreement and accuracy.

In conclusion, CT proved to be a sensitive, effective
tool for detecting early orbital changes resulting from GO,
even in euthyroid patients without orbital inflammatory
activity. In patients with GO, extraocular muscle thicken-
ing appears to correlate with disease severity and could be
a biomarker of the risk of visual loss.
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