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to assess the activity of Graves’ ophthalmopathy
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Abstract: This study aimed to evaluate the diagnostic value of uptake ratios in the extraocular muscles (EOMs),
lacrimal glands, and optic nerves to detect the inflammation activity of Graves’ ophthalmopathy (GO) using quanti-
tative analysis of 99m technetium (**™Tc)-labeled diethylene triamine pentaacetic acid (DTPA) orbital single-photon
emission computed tomography/computed tomography (SPECT/CT) images. The patients were categorized into an
active stage (clinical activity score > 3/7, n=23) or an inactive stage (clinical activity score < 3/7, n=38), based on
their clinical activity score. The uptake ratio was manually determined by placing a region of interest within the area
of highest uptake, as agreed upon by consensus, in the EOMs, lacrimal gland, and optic nerve on SPECT images cor-
rected for CT attenuation. Patients with active GO exhibited significantly higher uptake ratios in the EOMSs, lacrimal
glands, and optic nerves compared to patients with inactive GO (all P < 0.01). These parameters have been proven
effective in differentiating between active and inactive disease.
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Introduction

Graves’ ophthalmopathy (GO) is characterized
by autoimmune inflammation affecting the ex-
traocular muscles (EOMs) and connective tis-
sue surrounding the orbit, usually in patients
with Graves’ disease [1, 2]. A prominent feature
of GO is exophthalmos, which is caused by the
enlargement of EOMs [3]. Other typical symp-
toms of GO include bulging eyes, swelling
around orbital tissues, and retracted eyelids.
Patients may also experience ocular motility
disorders and diplopia owing to the involve-
ment of EOMs. In severe cases, visual impair-
ments such as vision loss, compressed optic
neuropathy, reduced visual acuity, and even
blindness may occur [4]. Studies have shown
that pharmacological interventions in patients
with GO in the early inflammatory phase can
reduce the clinical activity and severity of GO.
However, as the disease progresses to a cer-
tain level, conventional medical treatments be-
come ineffective and orbital decompression
is required. Therefore, an accurate disease

assessment is essential for the diagnosis and
treatment of GO [5].

Clinicians primarily rely on the clinical activity
score (CAS) to guide the treatment of patients
with GO. However, CAS may not adequately
evaluate the acute inflammatory impairment of
EOMs or orbital fat, especially in the absence
of diplopia or motility disorders. Combining
imaging indices with CAS can improve the sen-
sitivity of detection of inflammatory activity and
the prediction of treatment response. Orbital
single-photon emission computed tomography/
computed tomography (SPECT/CT) octreotide
imaging is considered the most accurate meth-
od for evaluating periorbital inflammation in GO.
However, it is not widely available in China
because of the cost and imaging time con-
straints [6-8]. An alternative diagnostic method
is the use of 99m technetium (°°*™Tc)-labeled
diethylene triamine pentaacetic acid (DTPA), a
sensitive indicator of inflammatory activity.
Compared with octreotide imaging, *°"Tc-DTPA
imaging is more economical, easier to label,
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underwent #"Tc-DTPA orbital SPECT/CT imaging

Patients diagnosed with Graves’ orbitopathy (GO)
between June 2022 and August 2023 (n=67).

v

with Graves’ orbitopathy (GO) by clinicians and

Inclusion criteria (n=67) included patients diagnosed
patients with complete clinical follow-up data.

Exclusion criteria (n=6) consisted of patients
who had undergone immunosuppressive
therapy or post-bulbar radiation therapy within
3 months prior to the examination, as well as
patients who had concurrent ocular diseases.

Materials and methods
Case date

In this retrospective analysis,
67 patients diagnosed with
GO underwent °°mTc-DTPA or-
bital SPECT/CT scanning at
Xiangyang No. 1 People’s
Hospital between July 2022
and June 2023. The collected
clinical data included age, sex,
smoking status, CAS, and hi-
story of immunosuppressive

therapy or other eye diseas-

v

‘ Enrolled patients (n=61) }

Figure 1. Simplified criteria

es. The inclusion criteria were
patients with GO diagnosed by
clinicians, patients with com-
plete clinical follow-up data.
The exclusion criteria were

i for inclusion and exclusion patients who had undergone
v of patients in this study. immunosuppressive  therapy
or post-bulbar radiation thera-

Active GO (n=23) Non-active GO (n=38)

and has a shorter imaging time. Several stu-
dies have reported good agreement between
99mTe-DTPA orbital SPECT/CT and both CAS and
octreotide imaging for assessing the degree of
orbital inflammation [9, 10]. This process-spe-
cific image has been shown to directly indicate
the inflammatory activity of the orbit affected
by GO [11].

Active GO is characterized by inflammatory infil-
tration of the EOMs, lacrimal gland, and optic
nerve, often involving both eyes [12]. Therefore,
this study aimed to evaluate the inflammatory
activity of GO by analyzing the SPECT/CT pa-
rameters of EOMs, lacrimal glands, and optic
nerves. The quantitative analysis technique
used in this study can directly display the
infammatory reaction of the EOM, lacrimal
gland, and optic nerve, enabling accurate local-
ization of the involved structures. Additionally,
SPECT/CT can measure the uptake ratio (UR)
value of each EOM, lacrimal gland, and optic
nerve, providing a more accurate evaluation of
the degree of inflammatory activity in GO. These
findings serve as an essential reference for the
clinical diagnosis and treatment of GO.
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py within three months preced-

ing the examination, and pa-

tients with other ocular diseas-

es. Based on the exclusion cri-
teria, six patients were excluded, resulting in
the final enrollment of 61 patients with GO. All
patients were classified into either the active
stage (CAS > 3/7, n=23) or the inactive stage
(CAS < 3/7, n=38) according to their CAS
(Figure 1). Assessment of each patient’s con-
dition and their CAS calculation was performed
by an endocrinologist ranked as an attending
physician or higher, whereas the assessment of
their eye status was conducted by an ophthal-
mologist ranked as an attending physician or
higher.

This study was approved by the Institutional
Review Board of Xiangyang No. 1 Hospital
(Issue No. 2021KYLX) and conducted in accor-
dance with the principles of the Declaration
of Helsinki. Written informed consent was
obtained from all patients who underwent
SPECT/CT examinations.

SPECT/CT scanning

Orbital SPECT/CT imaging was performed using
an NM 860 system (General Electric Company,
USA) with low power consumption and a high-
resolution parallel-bore collimator. Prior to or-
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Figure 2. The schematic diagram used to measure the ROI parameters of **"Tc-DTPA orbital SPECT/CT images of
GO. The uptake values were manually determined by placing a ROl within the area showing the highest uptake in the
EOM, lacrimal gland, and optic nerve, according to the consensus on SPECT images corrected for CT attenuation. A.
Super rectus uptake value. B. Inferior rectus uptake value. C. Medial rectus uptake value. D. Lateral rectus uptake
value. E. Lacrimal gland and optic nerve uptake value. F. To determine the background uptake value, a circular ROI
was placed on the occipital lobe at the optic nerve level. The uptake values of the EOM, lacrimal gland, and optic

nerve relative to the background uptake values were then calculated. ROI, region of interest.

bital SPECT/CT scanning, an intravenous infu-
sion of 555 MBq °*™Tc-DTPA (China Institute of
Atomic Energy, Beijing, China, with a radio-
chemical purity of over 95%) was administered
over a period of 20 min. SPECT scanning was
conducted using Zoom 1.33 and a matrix size
of 64x64, a peak of 140 keV, and a window
width of 20%. The CT scanning parameters
were as follows: tube voltage, 140 kV; tube cur-
rent, 100 mA; and slice thickness, 1 mm. The
fusion of SPECT and CT images was achieved
through co-located fusion using GE Xeleris 3.0
workstation image processing software.

The uptake values were manually determined
by placing a region of interest (ROI) within the
area showing the highest uptake in the EOM,
lacrimal gland, and optic nerve, according to
the consensus on SPECT images corrected for
CT attenuation. To determine the background
uptake value, a circular ROl was placed on the
occipital lobe at the optic nerve level. In a previ-
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ous study, the UR value was calculated as the
ratio of the maximum uptake value in the ROl to
the maximum uptake value in the background
[10]. The uptake values of the EOM, lacrimal
gland, and optic nerve relative to the back-
ground uptake values were then calculated.
Furthermore, the maximum UR among the four
EOMs was selected as URmax. The SPECT/CT
ROI parameters were measured according to
the method shown in Figure 2.

Statistical methods

The statistical analysis was conducted with the
help of the SPSS 25.0 software. The measure-
ments are expressed as mean * standard devi-
ation (x + s). Based on the nature of the data,
comparisons between continuous variable
groups were conducted using the t-test or
U-test. Spearman’s rank correlation analysis
was used to examine the correlation between
UR and CAS. Receiver operating characteristic
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Figure 3. The images presented from left to right depict the coronal image, sagittal image, and transverse image of
the orbital SPECT/CT. Patients with active GO showed significantly increased radionuclide uptake in orbital tissues
such as EOMs, lacrimal glands, optic nerves, and posterior bulbar fat.

Figure 4. The images presented from left to right depict the coronal image, sagittal image, and transverse image
of the orbital SPECT/CT. Patients with inactive GO showed mildly increased or unchanged radionuclide uptake in
orbital tissues such as EOMSs, lacrimal glands, optic nerves, and posterior bulbar fat.

(ROC) curve analysis was employed to eva-
luate the predictive models for diagnosing GO
activity using the UR of the EOMSs, lacrimal
glands, optic nerves, and URmax. A signifi-
cance level of P < 0.05 was considered statisti-
cally significant.

Results

The visual analysis of **"Tc-DTPA orbital
SPECT/CT images

Based on the orbital SPECT/CT images of all
patients, patients with active GO showed sig-
nificantly increased radionuclide uptake in or-
bital tissues, such as EOMs, lacrimal glands,
optic nerves, and posterior bulbar fat (Figure
3). In contrast, patients with inactive GO exhib-
ited mildly increased or unchanged radionu-
clide uptake (Figure 4).

Results of °*"Tc-DTPA orbital SPECT/CT quanti-
tative analysis

According to the CAS, all patients were divided
into an active group (CAS > 3/7, n=23) and an
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inactive group (CAS < 3/7, n=38). The average
age of the active GO group was 43+11 years,
and the average age of the inactive GO group
was 38+12 years. In the active GO group,
52.2% (12 of 23) were female, whereas in the
inactive GO group, 55.3% (21 of 38) were
female. The proportion of patients with a histo-
ry of smoking was 34.8% (8 patients) in the
active GO group and 21.1% (8 patients) in the
inactive GO group. There were no significant dif-
ferences between the two groups in terms of
sex, age, or smoking history (P=0.814, 0.718,
and 0.368, respectively). The patients with
active GO exhibited a significantly higher UR
for the EOMs, lacrimal gland, and optic nerve
than patients with inactive GO (all P < 0.01)
(Table 1; Figure 5). These results indicate that
using these parameters can effectively differ-
entiate between active and inactive GO.

Correlation analysis of UR and CAS

Spearman’s rank correlation analysis was con-
ducted to investigate the relationship between
the UR of the EOMs, the lacrimal gland, the
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Table 1. Comparison of uptake ratio between active and

inactive GO patients
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Discussion

The etiology of GO is not fully un-

Active GO Inactive GO P derstood, but current research sug

Female, n (%) 12(52.2) 21(553) 814 gests that it has a multifactorial eti-
Age (vears) 4311 38412 718 ology involving both cellular and
Smokers, n (%) 8(34.8) 8(21.1) 368 humoral immune responses as well
CAS, points 3.78+1.1 1.61+0.49 .000 as genetic and environmental influ-
Uptake ratio (UR), no unit ences. During the inactive phase of
SR 4.91+1.63  4.02+1.15 .001 GO, histological changes primarily
IR 5.27+1.49  4.25+1.06 .000 involve fibrosis of the EOMs and
MR 5.56+1.70  4.36+1.17  .000 hyperplasia of the posterior bulb
LR 4.98+1.31 4.21+1.07 001 fat. Conversely, during the active
URmax 618:1.95 4.85:t111  .003 phase, there is significant lympho-
G 6.14+1.84  5.41+1.00 005 cyte infiltration and subsequent
ON 5124139  4.41+1.03 001 cytokine release, which leads to

LR, lateral rectus; MR, medial rectus; SR, super rectus; IR, inferior rectus;
URmax, maximum uptake ratio among the four EOMs; LG, lacrimal gland;
ON, optic nerve; CAS, clinical activity score. There were no significant dif-

fibroblast activation and hyaluronic
acid accumulation, among other
processes [13-15].

ferences between the two groups in terms of sex, age, or smoking history

(P=0.814, 0.718, and 0.368, respectively). The patients with active GO
exhibited a significantly higher UR for the EOMs, lacrimal gland, and optic
nerve than patients with inactive GO (all P < 0.01). These results indicate
that using these parameters can effectively differentiate between active and

inactive GO.

optic nerve, and the URmax with CAS. The
results indicated that there was a correlation
between the UR of the EOMs, the lacrimal
gland, the optic nerve, and URmax with CAS
(r=0.517, 0.497, 0.388, and 0.624, respective-
ly, P < 0.01). This indicates that the UR of the
EOMs, lacrimal gland, optic nerve, and URmax
exhibited a positive response in terms of in-
flammatory activity. Considering URmax as the
most severely affected EOM imaging indicator,
it is evident that URmax has a strong correla-
tion with CAS (Table 2).

ROC curve analysis of UR

ROC curve analysis was conducted to assess
the predictive performance of the UR models.
The URmax model demonstrated the highest
reliable prognostic performance, with an area
under the curve (AUC) of 0.803, (95% confi-
dence interval [CI] [0.763-0.842]). The EOMs,
lacrimal gland, and optic nerve models also
showed comparatively better predictive perfor-
mance (0.730, [0.686-0.775], 0.786, [0.746-
0.827], and 0.635, [0.586-0.684], respective-
ly; P < 0.01). This result confirmed that the
URmax model exhibited the most effective pre-
dictive performance (Table 3; Figure 6).
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Imaging indices combined with CAS
have shown improved sensitivity
for detecting inflammatory activity
and predicting treatment respons-
es. Various imaging techniques,
such as ultrasound, orbital CT, ma-
gnetic resonance imaging (MRI), and nuclear
medicine, have been gradually applied for the
clinical diagnosis of GO patients [16]. Among
the imaging methods used to aid in the diagno-
sis of GO, ultrasound is the preferred choice in
clinical practice. It can be used to assess the
degree of enlargement and inflammatory infil-
tration in EOMs. However, its disadvantages
include poor visualization of the orbital apex
region, inaccurate measurements, and subjec-
tive variations in results [17]. CT uses X-rays to
diagnose and differentiate diseases based on
different absorption levels in various tissues.
It can quantify the degree of enlargement of
EOMs and diagnose GO by analyzing tissues
such as EOMs, orbital fat, and lacrimal glands
[18]. Although CT has a lower sensitivity in
determining the activity of GO than ultrasound
and MR, it has significant advantages in evalu-
ating the efficacy of decompression surgery in
patients with late-stage GO and selecting the
optimal surgical approach. MRI has a high soft-
tissue resolution, which provides a unique
advantage in assessing the inflammation of
the orbital tissues in GO. It can also be used to
monitor the effectiveness of clinical treat-
ments. T2-weighted imaging (T2WI) can accu-
rately depict EOM edema, inflammatory infiltra-
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Uptake ratio between active and inactive GO patients
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Figure 5. The patients with active Graves’ orbitopathy exhibited a significantly higher uptake ratio of each extraocu-
lar muscle, lacrimal gland, optic nerve and URmax in comparison to those patients with inactive GO.

Table 2. A Spearman’s rank correlation
analysis was performed to investigate the re-
lationship between the UR of EOMs, lacrimal
gland, optic nerve and URmax with the CAS

r P
EOMS 0.517 .000
URmax 0.624 .000
LG 0.497 .000
ON 0.388 .000

The results indicated that there was a correlation be-
tween the UR of the EOMs, the lacrimal gland, the optic
nerve, and URmax with CAS (r=0.517, 0.497, 0.388, and
0.624, respectively, P < 0.01). This indicates that the
UR of the EOMs, lacrimal gland, optic nerve, and URmax
exhibited a positive response in terms of inflammatory
activity. Considering URmax as the most severely af-
fected EOM imaging indicator, it is evident that URmax
has a strong correlation with CAS. EOMs, extraocular
muscles; URmax, maximum uptake ratio among the four
EOMs; LG, lacrimal gland; ON, optic nerve; CAS, Clinical
Activity Score.

tion, and fibrosis, assisting in determining
disease activity status. This is of significant
value for staging GO activity [19-24].

Nuclear medicine °°™Tc-DTPA orbital SPECT/CT
produces homogeneous tomographic images
that provide both functional information of the
orbit through SPECT and anatomical informa-
tion of the orbit through CT localization and di-
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Table 3. ROC curve analysis was conducted
to assess the predictive performance of the
UR EOMs, lacrimal gland, optic nerve and
URmax

Asymptotic 95%

Area Confidence Interval
EOMS .730 (.686, .775) .000
URmax .803 (.690, .915) .000
LG .786 (.7086, .867) .000
ON .635 (.537,.733) .000

The URmax model demonstrated the highest reliable
prognostic performance, with an area under the curve
(AUC) of 0.803, (95% confidence interval [CI] [0.763-
0.842]). The EOMs, lacrimal gland, and optic nerve
models also showed comparatively better predictive per-
formance (0.730, [0.686-0.775], 0.786, [0.746-0.827],
and 0.635, [0.586-0.684], respectively; P < 0.01). This
result confirmed that the URmax model exhibited the
most effective predictive performance. EOMs, extraocu-
lar muscles; URmax, maximum uptake ratio among the
four EOMSs; LG, lacrimal gland; ON, optic nerve.

agnosis; these images allow the target tissue to
be accurately outlined for the development of
quantitative parameters. As the study of *°™Tc-
DTPA orbital SPECT/CT imaging advances, the-
re is an increasing need for objective quantita-
tive indicators to fine-tune disease assess-
ment and efficacy. °**™Tc-DTPA orbital SPECT/CT
imaging provides both visual and semi-quanti-
tative data on GO orbital inflammatory activity.

Am J Nucl Med Mol Imaging 2023;13(6):259-268
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Figure 6. ROC curve analysis was conducted to assess the predictive perfor-
mance of the UR models. A. EOMs model; B. URmax model; C. Optic nerve
model; D. Lacrimal gland model; ROC, Receiver operating characteristic;
AUC, area under the curve. Among the models, the URmax model exhibited

the highest reliability in terms of prognostic performance.

Previous studies [25-28] used °°"Tc-DTPA orbit-
al SPECT to assess autoimmune inflammation
in the orbital regions of patients with GO.
However, these scans only allow analysis of the
retrobulbar or overall orbital areas, without pro-
viding detailed information on the specific
affected orbital tissues. With advances in
99mTc-DTPA orbital SPECT/CT imaging, there is
an increasing need for objective quantitative
indicators to enhance disease assessment
and efficacy.

Compared with the retrobulbar or overall orbital
UR values for the assessment of the inflamma-
tory activity of GO, the EOM assessment had
higher sensitivity and better objectivity. Mura-
kami et al. [29] reported that patients with GO
often presented with one or more EOMs. In
their study of 184 patients with EOM enlarge-
ment, they found that 54% of patients had
hypertrophy of a single muscle, 25% had hyper-
trophy of two muscles, 12% had hypertrophy of
three muscles, and 9% had hypertrophy of all
four muscles. Considering that different stages
of the disease may exist in each EOM, we con-
ducted the UR of each EOM separately in this
study. A correlation analysis was conducted to
examine the relationship between the UR of the
four EOMs and URmax with CAS to evaluate the
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diagnostic efficacy of the in-
flammatory activity of GO. We
found that URmax achieved
the best results in the activity
assessment, suggesting that
the URmax (the most severely
affected EOM) had the stron-
gest association with the dis-
ease. An increase in UR of a
particular EOM in the orbit may

A.-EOMs N . ”
indicate disease activity.
~—= B.-URmax
C.-ON GO progression is accompa-
DG nied by changes in the lacri-

mal gland, including protruding
eyes, upper eyelid recession,
and widening of lid fissures.
These changes result in un-
even distribution of tears on
the ocular surface, shortened
tear film rupture time, acce-
lerated tear evaporation, and
increased osmotic pressure.
Consequently, these factors
contribute to a decrease in the
secretory function [30-32]. The pathophysio-
logical changes in lacrimal gland involvement
are similar to those in retrobulbar tissue invol-
vement, both showing multifocal infiltration of
lymphocytes and adipose tissue hyperplasia
[33]. Subsequently, we conducted a compre-
hensive analysis of nuclear imaging findings in
the lacrimal gland. We observed that the
nuclide concentration was generally consistent
with the uptake of nuclides by the EOMs.
Furthermore, the UR of the lacrimal gland was
significantly higher in the active group than in
the inactive group. Zhao et al. [34, 35] retro-
spectively analyzed 81 patients with GO and
found that patients with active GO had higher
UR of the lacrimal gland than those with inac-
tive GO.

Dysthyroid optic neuropathy is a severe compli-
cation of GO caused by dysfunction of the optic
nerve and may result in permanent visual loss
[36, 37]. The pathogenesis of dysthyroid optic
neuropathy is generally considered to be pri-
marily due to optic nerve compression and
ischemic changes caused by tissue congestion
at the orbital apex, high orbital pressure, and
optic nerve entrapment [24, 38]. Thus, our
study found that patients with active GO exhib-
ited significantly higher UR of the optic nerve

Am J Nucl Med Mol Imaging 2023;13(6):259-268
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than patients with inactive GO. Therefore, we
suggest that optic nerve lesions may be related
to extensive optic nerve damage caused by
inflammation of the optic nerve and loss of
myelin sheaths and axons.

By utilizing orbital SPECT/CT imaging, this study
demonstrated increased radionuclide uptake
in the orbital tissues of patients with active GO
compared to those with inactive GO. The UR of
the EOMs, lacrimal glands, optic nerves and
URmax were significantly higher in patients
with active GO, and these parameters were sig-
nificantly correlated with CAS. ROC curve analy-
sis further confirmed the predictive efficacy of
the UR models, with the URmax model exhibit-
ing the best performance. Based on quantita-
tive orbital analysis, clinicians may be able to
assess the inflammatory activity of GO more
precisely.

This study has certain limitations. 1) The study
cohort did not have a homogeneous distribu-
tion of patients with moderate-to-severe GO,
with a higher proportion having a CAS of 3 or 4
and fewer having a CAS of 6 or 7. This can lead
to a reduced accuracy of the results. Mild GO
has a minimal impact on daily life, whereas
moderate-to-severe GO has the potential to
induce corneal and optic nerve damage, even
leading to blindness. 2) It should be noted that
this study was cross-sectional and lacked a lon-
gitudinal design and a large sample size. The
early stages of GO are characterized by ede-
ma and inflammatory cell infiltration in the
EOMs and orbital connective tissue, whereas
advanced stages of the disease may lead to
keratitis, dry eye, and optic nerve compression.
Future longitudinal experiments with larger
sample sizes will provide further clarification.

Further research and validation of these find-
ings are warranted to establish orbital SPECT/
CT as a valuable tool for the clinical manage-
ment of patients with GO.
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