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Purpose. Graves' ophthalmopathy (GO) is the most common extra-thyroid manifestation of Graves’ disease (GD). The Clinical
Activity Score (CAS) has been widely used to evaluate GO inflammation severity and response to treatment; however, it is quite
subjective. Infrared thermography (IRT) is a portable and low-cost device to evaluate local temperature and assess inflammation.
The aim was to evaluate ocular temperature by IRT as an instrument for measuring inflammatory activity in GO and its correlation
with CAS. Methods. This is a cross-sectional study involving 136 consecutive GD patients (12 with CAS > 3/7, 62 with CAS <
3 and 62 without apparent GO) with 62 healthy controls. Patients with active ophthalmopathy were prospectively evaluated.
Exophthalmometry, CAS, and thermal images from caruncles and upper eyelids were acquired from all subjects. Results. All eye
areas of thermal evaluation had higher temperatures in GD patients with active ophthalmopathy (caruncles, p<0.0001; upper eyelids,
p<0.0001), and it was positively correlated with CAS (r=0.60 and p<0.0001 at caruncles; r=0.58 and p<0.0001 at upper eyelids). No
difference in temperature was found between other groups. Patients with active ophthalmopathy were prospectively evaluated after
6 or 12 months of the treatment and a significant difference was found in ophthalmometry (p=0.0188), CAS (p=0.0205), temperature
of caruncles (p=0.0120), and upper eyelids (p=0.0066). Conclusions. IRT was an objective and simple tool for evaluation and follow-
up of inflammation in GO, allowed evidencing patients with significant inflammatory activity, and had a good correlation with the

CAS score.

1. Introduction

Graves’ ophthalmopathy (GO) is the most common and
serious extra-thyroid manifestation of Graves’ disease (GD),
affecting about 50% of patients, and is usually bilateral, but
may be unilateral [1, 2]. The signs and symptoms related to
GO are eyelid retraction, ocular irritation, photophobia, dry
eye, increased tearing, conjunctival redness, eyelid swelling,
diplopia, ocular pain, ptosis, periorbital edema, proptosis,
and even sight loss [3].

The assessment of GO is performed through physical
examination, to determine the ocular inflammation degree
and proptosis [4]. Proptosis can be evaluated by exoph-
thalmometry, with a simple tool to measure the distance

between the outer corner of the eye and the cornea. Disease
activity can be graded by Clinical Activity Score (CAS),
introduced in 1989 by Mourits et al. [5, 6], that was developed
to predict which patient would have a better response to
immunosuppressive treatment. The scale evaluates soft tissue
inflammation and assigns 1 point to each of the following
manifestations: spontaneous orbital pain, gaze-evoked orbital
pain, eyelid swelling, eyelid erythema, conjunctival redness,
chemosis, and inflammation of caruncle or plica. A CAS of
3 or higher indicates active disease. For patient’s follow-up, 3
more items are included in CAS evaluation, which is increase
of > 2mm in proptosis, decrease in the ocular excursion in
any one direction of > 8” and a decrease of acuity equivalent to
1 Snellen line. Although CAS has been widely used, it is partly
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subjective, depending on the experience of each physician
and either mild or severe ophthalmopathy is calculated with
the same point.

Several imaging techniques are currently used to access
GO, such as ultrasound, computer tomography, and magnetic
resonance, though these techniques are expensive, are poorly
available, depend on experienced technician, and can expose
patients to contrast agents and radiation [7-9]. In the search
for a more accessible and objective method to evaluate disease
activity in GO, Infrared Thermography (IRT) appears to
be a promising tool and is gaining importance in medical
community due to recent studies and different applications
for this new device [10]. It has been used in several conditions,
such as breast cancer, monitoring of fracture consolidation,
the evolution of pressure ulcers, diabetic foot, and burns
[11-15]. In GO, Chang et al. [16] and Shih et al. [17] were
pioneers to evaluate IRT during follow-up of patients treated
with methylprednisolone pulse. What makes IRT even more
interesting is the fact that the device used is simple and
portable, has a relatively low cost (approximately $300 or
€250), and can be coupled to a smartphone, allowing a
comparison between temperatures during follow-up.

The primary aim of the study was to evaluate ocular
temperature by IRT as an instrument for measuring inflam-
matory activity in GO and its correlation with CAS.

2. Materials and Methods

2.1. Patients Recruitment. This is a cross-sectional clinic-
based study involving 136 consecutive GD patients fol-
lowed at the Thyroid Disease Unit at a tertiary Service of
Endocrinology and a control group composed of 62 healthy
individuals. One hundred and ninety-eight subjects were
included (58 men and 140 women, median age 48.5 + SD
14.39 years) and divided into 4 groups according to clinical
characteristics. Basically, 12 patients present with GD with
active ophthalmopathy (CAS > 3/7), 62 patients with GD and
inactive ophthalmopathy (CAS < 3), 62 patients with GD and
without apparent ophthalmopathy, and 62 healthy controls
with normal thyroid function and from an iodine sufficient
area. Patients from the group of active ophthalmopathy were
reassessed during follow-up. Exclusion criteria were any
acute infectious or inflammatory disease, history of recent
cardiovascular events (myocardial ischemia, unstable angina,
and stroke), malignant neoplasia, heart failure (NYHA III or
IV), severe hepatic disease, severe kidney disease (Chronic
Kidney Disease stages 4 and 5 and hemodialysis), hepatitis B,
C, and HIV infection, and any other acute or chronic ocular
diseases [18].

Data were collected from August 2017 to March 2018, and
all participants gave their written informed consent and ethi-
cal committee approval for the study was obtained according
to Declaration of Helsinki, Human Research Ethics Commit-
tee in Lausanne, No. 204/14). Written informed consent for
publication of their clinical details and/or clinical images was
obtained from the patient (CAAE: 71204117.2.0000.5404).

2.2. Clinical Assessment. Clinical characteristics and bio-
chemical data were recorded by chart review. Clinical data
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collected were age, age at diagnosis, gender, smoking habits,
use of levothyroxine or methimazole, treatment with radioio-
dine, comorbidities, including other autoimmune or chronic
disease, disease duration, and time of follow-up. Biochemical
data collected were serum thyroid stimulating hormone
(TSH) (reference values RV 0,41-4,5 mUI/L), free thyroxine
(fT4) (RV 0,9-1,8 m/dL), thyroglobulin antibodies (TgAb)
(RV < 115 mUI/L), thyroid peroxidase antibodies (TPOADb)
(RV < 35UI/mL), and TSH receptor antibodies (TRAb) (RV
< 1,58 UI/mL) were measured by electrochemiluminescence
immunoassay [18].

Clinical eye evaluation was elaborated to define the
degree of ophthalmopathy activity, the measure of prop-
tosis, and temperature by IRT. CAS assessed the degree
of inflammation and was calculated from 7 items, with 1
point assigned to each alteration presented: spontaneous
orbital pain, gaze-evoked orbital pain, eyelid swelling, eyelid
erythema, conjunctival redness, chemosis, and inflammation
of caruncle or plica. A CAS of 3 or higher indicates an active
ophthalmopathy. For patients’ follow-up, 3 more items are
included in CAS evaluation, which is increase of > 2mm
in proptosis, decrease in the ocular excursion in any one
direction of > 8", and a decrease of acuity equivalent to 1
Snellen line. We did not use the additional points on follow-
up visits of patients with active ophthalmopathy [18].

Proptosis was evaluated with an exophthalmometer rou-
tinely used in our service. It is an instrument composed of
a lateral rod with marking in centimeters as a ruler that
connects to a front rod, forming an angle of 90°. The lateral
rod is adjusted to the temporal region of the patient, and then
itis possible to measure the distance between the outer corner
of the eye and the cornea [18].

Local temperature of the caruncle (right and left) and
upper eyelid (right and left) were obtained using a FLIR ONE
camera (FLIR Systems, Inc., Wilsonville, OR, USA) attached
to an iPhone 6 (Apple, Inc., Cupertino, CA, USA). Images
were analyzed in the FLIR Tools application. All subjects were
advised not to smoke, drink alcohol or coffee, or use make-
up 24 hours before the exam. They were evaluated in a calm,
quiet, and controlled temperature room (set at 24°C), with no
interference from the outside. They were comfortably seated
on a stretcher, and after 10 minutes of rest, clinical evaluation
with CAS and exophthalmometry was done. After that, the
thermometer sensor was focused on the interest areas, at
a distance of 20 centimeters, and images with temperature
were captured. Firstly, the right eye (caruncle and upper
eyelid) and then the left eye (caruncle and upper eyelid) were
evaluated. Patients were advised not to blink and move during
the examination. The three evaluations were done on the
same day, one followed by the other, by the same physician.

Patients with active ophthalmopathy were prospectively
reassessed with CAS, ophthalmometry, and IRT at caruncles
and upper eyelids after at least 6 months of treatment, by the
same physician and technique described above.

2.3. Statistical Analysis. Statistical analyses were carried out
in the Statistical Analysis System (SAS), System for Windows,
version 9.4. SAS Institute Inc., 2002-2008, Cary, NC, USA.
To describe sample profile according to the study variables,
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frequency tables of categorical variables with absolute (n) and
percentage (%) values were used, and descriptive statistics
of numerical variables, with median (interquartile range). To
compare categorical variables, the Qui-square test and, when
necessary, Fisher's exact test were used. Mann-Whitney U
test and Kruskal-Wallis test were used to compare numerical
variables, followed by the Dunn post hoc test to identify
the differences. To correlate the numerical variables with
temperatures, Spearman correlation coeflicient was used. To
compare variables between the two evaluations of patients
with active GO, ANOVA was used for repeated measures.
Data were transformed into ranks. The significance level was
setat p < 0.05.

3. Results

We analyzed 198 patients, of which 12 (6.06%) had GD with
active ophthalmopathy (CAS > 3/7), 62 (31.31%) had GD with
inactive ophthalmopathy (CAS < 3), 62 (31.31%) had GD
without ophthalmopathy, and 62 (31.31%) healthy controls.
Table 1 summarizes demographic and clinical variables from
each group. There were no significant differences of gender,
age at diagnosis, age at the evaluation, thyroid disease dura-
tion (time between diagnosis and current evaluation), time
of follow-up, presence of TgAb and TPOAb, comorbidities
(chronic or other autoimmune diseases), and radioiodine
treatment between groups.

The group with active ophthalmopathy had a higher
rate of a detectable TRAb (median 91.67% versus 79.1% and
78.43%, p<0.000I) and methimazole users (83.33% versus
30.65 and 40.32%, p=0.0029) than the inactive ophthalmopa-
thy and without ophthalmopathy groups of GD, respectively.
This group also have a lower TSH value (median 0.09 versus
1.87,1.65, and 2.16, p=0.0281), a higher percentage of patients
with history of smoking (41.67% versus 3710%, 25.81%,
and 11.29%, p=0.0057), as well as in currently smoking
(33.33% versus 20.97%, 12.90%, and 4.84%, p=0.0146) than
the patients with inactive ophthalmopathy, patients without
ophthalmopathy and healthy control group, respectively.

GD patients with inactive ophthalmopathy had a higher
percentage of levothyroxine users (58.06% versus 8.33% and
46.77%, p=0.0064) than the active ophthalmopathy and
without ophthalmopathy groups, respectively. The healthy
control group had a lower fT4 value when compared with
the GD patient groups (median 0.99 versus 1.4, 1.32 and 1.29,
p<0.0001).

The group of GD patients with ophthalmopathy, active
or inactive, had significantly greater measures of proptosis
when compared to GD patients without ophthalmopathy and
healthy controls (20.25 and 13.5mm versus 9.5 and 9.5 mm,
<0.0001).

All eye areas of thermal evaluation had higher temper-
atures in GD patients with active ophthalmopathy when
compared to other groups (caruncles 38.4 versus 36.05, 36.13,
and 36.13°C, p<0.0001; upper eyelids 38 versus 36.08, 36.28,
and 36.05°C, p<0.0001); moreover, it was positively correlated
with CAS score in Spearman’s correlation (r=0.60, p<0.0001
and statistical power of 81.6% at caruncles; r=0.58, p<0.0001
and statistical power of 80.5% at upper eyelids), shown in

Figure 1. No significant difference in temperature was found
between GD patients with inactive ophthalmopathy, GD
patients without apparent eye disease, and healthy control.
In addition to the basic analysis between groups, patients
with inactive ophthalmopathy were subdivided into CAS 0
and CAS 1-2 to verify if there was any temperature difference
between those who had some degree of orbital inflammation
and those with no sign of activity; however, no significant
difference was found. Table 2 summarizes the comparative
analysis of ophthalmometry, CAS score and temperatures at
caruncles and upper eyelids between groups.

All patients with active ophthalmopathy were prospec-
tively evaluated after at least 6 months of treatment employed
in each case, and a significant difference was found in
exophthalmometry (median before treatment 20.25 mm and
after treatment 13.75mm, p=0.0188), CAS (median before
treatment 4 and after treatment 1.5, p=0.0205), temperature
of caruncles (median before treatment 38.4°C and after
treatment 36.58°C, p=0.0120), and temperature of upper
eyelids (median before treatment 38°C and after treatment
36.48°C, p=0.0066). No significant difference was found in
TSH and fT4 at prospective analysis. Table 3 shows the
statistics differences before and after treatment described
above and Table 4 summarizes clinical characteristics, time of
follow-up, and treatment employed in all patients with active
ophthalmopathy. Figure 2 shows the prospective thermal
evaluation of a male patient, before and after the treatment
with prednisone and orbital decompression surgery.

4. Discussion

GO results of the enlargement of extraocular muscles and
retrobulbar fat lead to an increase in intraorbital pressure [19,
20]. As a consequence, proptosis and the reduction of venous
drainage result in periorbital edema, conjunctival edema, and
conjunctival hyperemia. For proper clinical management, it
is essential that activity and severity of GO be determined
to choose the better therapy for each patient [21, 22]. In
milder cases, with the presence of minimal inflammation,
local cares may be sufficient. However, for active GO with
moderate to severe inflammation, anti-inflammatory and
immunomodulatory treatment are necessary [23, 24].

Establishing the degree of inflammation and treating it
with anti-inflammatory and immunomodulatory drugs are
the basis of GO treatment [25], though the tools available
are subjective and cannot express the severity of each sign
and symptom. The CAS score is useful and widely used in
clinical practice including our tertiary hospital; nevertheless
the evaluation of their items is relatively subjective since it
gives the same value to each sign and symptom presented,
regardless of its severity and did not distinguish the score
separately in each eye. Another important point is the fact
that the original CAS score do not evaluate heat as part of the
inflammatory signs, probably due to the difficulty to measure
temperature when the score was created. Nowadays, we have
precise devices to add this valuable information in clinical
examination and follow-up.

In seeking to find a more objective and assessment tools,
IRT seems to be an interesting technique to evaluate patients
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TaBLE 2: Comparative analysis of ophthalmometry, CAS, and temperatures of caruncles and upper eyelids between groups.
GD patients with active ~ GD patients with inactive GD patients without Healthy Value
ophthalmopathy (CAS > 3) ophthalmopathy (CAS < 3) ophthalmopathy controls P

Ophthalmometry (mm) 20.25 (13 - 275) 13.5 (7 - 22.5) 9.5 (7 - 13) 95(7-12,5) < 0.0001
CAS 4(3-7) 0(0-2)
Temperature of caruncles 38.4 (37 - 39.6) 36.05 (34.85 — 37.25) 36.13 (34.3 - 374) 3613 (3435-_ ) hoor
Q) 37.35)
Temperature of eyelids ("C) 38 (37.3 - 38.55) 36.08 (34.75 - 36.95) 36.28 (33.3 - 37.15) 36'053;3;;'35 T <0.0001

GD, Graves ‘disease; CAS, Clinical Activity Score; mm, millimeters; °C, celsius.

Values are reported as median (lower quartile — upper quartile) or counts. The P value indicates if any statistically significant difference was found between

groups. Statistically significant P values are in italic.

TaBLE 3: Clinical and laboratory characteristics of the prospective analysis of the 12 patients with active ophthalmopathy.

First evaluation

Second evaluation

p Value
N=12 N=12

TSH (mUI/L) 0.09 (0.01 - 6.05) 1.68 (0.01 - 4.29) 0.4742
T4 (m/dL) 140 (0.65 - 3.59) 112 (0.70 - 2.05) 0.6652
Ophthalmometry (mm) 20.25 (13 - 275) 13.75 (11 - 27.5) 0.0188
CAS 4(3-7) 15(0 - 5) 0.0205
Temperature of caruncles ("C) 38.4 (37 - 39.6) 36.58 (35.55 - 37.9) 0.0120
Temperature of upper eyelids ("C) 38 (37.3 - 38.55) 36.48 (35.7 - 37.6) 0.0066

GD, Graves ‘disease; N, number; TSH, thyroid stimulating hormone; fT4, free thyroxine; mm, millimeters; CAS, Clinical Activity Score. Values are reported
as median (lower quartile - upper quartile) or counts. The P value indicates if any statistically significant difference was found between the two evaluations.

Statistically significant P values are in italic.

with GO, since inflammation is the basis of eye disease
physiopathology and heat is associated with it. Chang et al.
[16] and Shih et al. [17] have shown that IRT, combining
with CAS, could better predict outcome of the use of
methylprednisolone in active GO and is also useful to patients
follow-up, evidencing a decrease in ocular temperature after
improvement of eye inflammation. Another most recent
study from Di Maria et al. [26] compared five novel thermal
eye parameters in 17 patients with active thyroid eye disease
(CAS > 3/7) and 13 with inactive disease (CAS < 3). They also
found higher temperatures in patients with active eye disease.

In this study, we compared clinical characteristics with
CAS score and temperatures of caruncles and upper eyelids
in 3 distinct populations of patients with GD, according
to the activity of thyroid disease and ophthalmopathy, in
addition to the healthy control group [27]. The decision to
analyze patients with and without ophthalmopathy was based
on studies that showed eye alterations on orbital magnetic
resonance images, even in patients without apparent ophthal-
mopathy [28].

We found higher temperatures among patients with
active ophthalmopathy and it was positively correlated with
CAS score with significant statistic power. Although orbital
alterations were reported in imaging studies of patients with-
out apparent ophthalmopathy, no difference in temperature
was found when we compared the groups with inactive oph-
thalmopathy, without ophthalmopathy and healthy controls,
probably because they had a discrete or no sign of orbital
inflammation. We also found no difference among patients
with inactive ophthalmopathy and CAS of 1 or 2, which

shows that temperature assessment may be more useful for
patients with active ophthalmopathy since it correlates very
well with more evident signs of inflammation. As an example,
we can observe that patients with active ophthalmopathy
had a minimum temperature of 37°C and a median of
38°C, while patients with inactive ophthalmopathy, without
ophthalmopathy and controls, had a minimum of 34. This
fact shows that the thermal evaluation per se could indicate
an orbital inflammatory activity [27].

Patients who were prospectively analyzed presented a
decrease in proptosis, CAS and ocular temperature after the
treatment used for each case, associated with improvement
of signs of orbital inflammation and symptoms. Despite the
evidence of clinical improvement of patients with active
ophthalmopathy, the use of IRT was a great help in patients
follow-up, since it is a portable and friendly device, can record
images during the various evaluation, and can correlate
symptoms and CAS with orbital temperature [27]. The idea
is not to replace the clinical score for a device but to have a
more objective tool in association with the classic evaluation
already used and thus to determine the better follow-up for
each patient.

As for the pitfalls of this study, first of all, there is a
small sample of patients, especially the group with active
ophthalmopathy and the analysis of just 2 thermal areas in
each eye (caruncle and upper eyelid), instead of 5 or 6 thermal
areas in other studies. However, the 2 analyzed thermal areas
found a similar result than the analysis in multiple areas,
being more practical and fast to carry out. Another point
is that we did not evaluate body temperature because all of
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FIGURE 1: Spearman’s correlation graph between Clinical Activity Score (CAS) and temperature at caruncles and upper eyelids. Caruncles: r=0.60,
Pp<0.0001 and statistical power of 81.6%; Upper eyelids: r=0.58, p<0.0001 and statistical power of 80.5%.

FIGURE 2: Prospective evaluation of infrared thermography of a patient with active Graves’ Ophthalmopathy. Example of thermal images from
a male patient, 60-year-old, with GD and active ophthalmopathy, currently using 20 mg of methimazole. At first physical exam: CAS of
7, measure of right eye and left eye was 17 and 15 mm, respectively. TSH and fT4 were, respectively, 0.07 mUI/L and 2.33 m/dL. Thermal
evaluation: (a) 38.8°C, right upper eyelid; (b) 39.1°C, right caruncle; (c) 37.8°C, left upper eyelid; (d) 37.8°C, left caruncle. The patient was
treated with prednisone 40 mg daily and local care with eyedrops. Methimazole dose was increased and after 6 months orbital decompression
surgery was performed in both eyes. At second physical exam: CAS of 2, measure of right eye and left eye was 15 and 12 mm, respectively.
TSH and T4 were, respectively, 1.46 mUI/L and 1.44 m/dL. Thermal evaluation: (e) 35.9°C, right upper eyelid; (f) 35.7°C, right caruncle; (g)

36.1°C, left upper eyelid; (h) 36.3°C, left caruncle.

our samples were obtained of patients from outpatient clinics
and have no evidence of other acute diseases than GO. In
contrast to the pitfalls, our study is the first to analyze 3
distinct populations of patients with GD and a healthy control
group.

In conclusion, we found that IRT in association with
CAS was an excellent evaluation mechanism for patients with
active eye disease. Additionally, IRT device is an objective,

simple, and portable tool that can be coupled to a smart-
phone, allowing a comparison between temperatures and
images during follow-up.

5. Conclusion

Our study demonstrated that IRT was an objective and simple
tool for evaluation and follow-up of inflammation in GO and



had a good correlation with severity of CAS score. However,
a large-scale investigation is indispensable to confirm our
results.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

We acknowledge all the patients who voluntarily participated
in our study.

References

[1] H.B.BurchandD. S. Cooper, “Management of Graves Disease:
A Review;” Journal of the American Medical Association, vol. 314,
no. 23, pp. 2544-2554, 2015.

[2] T.J. Smith and L. Hegediis, “Graves’ disease,” The New England
Journal of Medicine, vol. 375, no. 16, pp. 1552-1565, 2016.

[3] R.S.Bahn, “Graves ophthalmopathy,” The New England Journal
of Medicine, vol. 362, no. 8, pp. 726-774, 2010.

[4] P.J. Dolman, “Evaluating graves’ orbitopathy,” Best Practice and
Research Clinical Endocrinology and Metabolism, vol. 26, no. 3,
pp. 229-248, 2012.

[5] M. P. Mourits, L. Koornneef, W. M. Wiersinga, M. F. Prummel,
A. Berghout, and R. van der Gaag, “Clinical criteria for the
assessment of disease activity in Graves ophthalmopathy: a
novel approach,” British Journal of Ophthalmology, vol. 73, no.
8, pp. 639-644, 1989,

[6] M. P. Mourits, M. E Prummel, W. M. Wiersinga, and L. Koorn-
neef, “Clinical activity score as a guide in the management of
patients with Graves’ ophthalmopathy;” Clinical Endocrinology,
vol. 47, no. 1, pp. 9-14, 1997.

[7] M. N. Gerding, M. E. Prummel, and W. M. Wiersinga, “Assess-
ment of disease activity in Graves” ophthalmopathy by orbital
ultrasonography and clinical parameters,” Clinical Endocrinol-
ogy, vol. 52, no. 5, pp. 641-646, 2000.

[8] A. C. P. Gongalves, E. M. M. S. Gebrim, and M. L. R. Mon-
teiro, “Imaging studies for diagnosing Graves’ orbitopathy and
dysthyroid optic neuropathy;” Clinics, vol. 67, no. 11, pp. 1327-
1334, 2012.

[9] S.Tachibana, T. Murakami, H. Noguchi et al., “Orbital magnetic
resonance imaging combined with clinical activity score can
improve the sensitivity of detection of disease activity and pre-
diction of response to immunosuppressive therapy for Graves’
ophthalmopathy;” Endocrine Journal, vol. 57, no. 10, pp. 853-861,
2010.

[10] B. B. Lahiri, S. Bagavathiappan, T. Jayakumar, and J. Philip,
“Medical applications of infrared thermography: a review;
Infrared Physics & Technology, vol. 55, no. 4, pp. 221-235, 2012.

[11] S.E.Avetisov, . A. Novikov, E. E. Lutsevich, and E. S. Reyn, “Use

of infrared thermography in ophthalmology,” Vestnik oftalmo-
logii, vol. 133, no. 6, pp. 99-104, 2017.

International Journal of Endocrinology

[12] S.G. Kandlikar, I. Perez-Raya, P. A. Raghupathi et al., “Infrared
imaging technology for breast cancer detection — Current
status, protocols and new directions,” International Journal of
Heat and Mass Transfer, vol. 108, pp. 2303-2320, 2017.

[13] D. Haluzan, S. Davila, A. Antabak et al., “Thermal changes
during healing of distal radius fractures-preliminary findings,”
Injury, vol. 46, supplementary 6, pp. 103-106, 2015.

(14] C.E.V.B. Hazenberg, ].]. Van Netten, S. G. Van Baal, and S. A.
Bus, “Assessment of signs of foot infection in diabetes patients
using photographic foot imaging and infrared thermography,”
Diabetes Technology & Therapeutics, vol. 16, no. 6, pp. 370-377,
2014.

[15] T. Kanazawa, G. Nakagami, T. Goto et al., “Use of smartphone
attached mobile thermography assessing subclinical inflamma-
tion: a pilot study;” Journal of Wound Care, vol. 25, no. 4, pp.
177-180, 182, 2016.

[16] T.-C. Chang, Y.-L. Hsiao, and S.-L. Liao, “Application of digital
infrared thermal imaging in determining inflammatory state
and follow-up effect of methylprednisolone pulse therapy in
patients with Graves’ ophthalmopathy,” Graefes Archive for
Clinical and Experimental Ophthalmology, vol. 246, no. 1, pp.
45-49, 2008.

S.-R. Shih, H.-Y. Li, Y.-L. Hsiao, and T.-C. Chang, “The applica-
tion of temperature measurement of the eyes by digital infrared
thermal imaging as a prognostic factor of methylprednisolone
pulse therapy for Graves  ophthalmopathy,” Acta Ophthalmolog-
ica, vol. 88, no. 5, pp. el54-¢159, 2010.

[18] C.M. Riguetto, A. M. Neto, M. A. Tambascia, and D. E. Zantut-
Wittmann, “The relationship between quality of life, cognition,
and thyroid status in Graves’ disease,” Endocrine Journal, 2018.

[19] J. A. Garrity and R. S. Bahn, “Pathogenesis of graves ophthal-
mopathy: implications for prediction, prevention, and treat-
ment,” American Journal of Ophthalmology, vol. 142, no. 1, pp.
147.e2-153.€2, 2006.

J. Ginsberg, “Diagnosis and management of Graves' disease,”
Canadian Medical Association Journal, vol. 68, no. 5, pp. 575-
585, 2003.

[21] A.L.Maia,R. S. Scheffel, E. L. Souza Meyer et al., “The Brazilian
consensus for the diagnosis and treatment of hyperthyroidism:
recommendations by the thyroid department of the Brazilian
Society of Endocrinology and Metabolism,” Arquivos Brasileiros
de Endocrinologia & Metabologia, vol. 57, no. 3, pp. 205-232,
2013.

[22] D. S. Ross, H. B. Burch, and D. S. Cooper, “2016 american
thyroid association guidelines for diagnosis and management
of hyperthyroidism and other causes of thyrotoxicosis,” Thyroid,
vol. 26, no. 10, pp. 1343-1421, 2016.

[23] C. Marcocci and M. Marino, “Treatment of mild, moderate-
to-severe and very severe Graves orbitopathy,” Best Practice ¢
Research Clinical Endocrinology & Metabolism, vol. 26, no. 3, pp.
325-337,2012.
P. Perros, L. Hegedus, L. Bartalena et al., “Graves’ orbitopathy
as a rare disease in Europe: a European Group on Graves
Orbitopathy (EUGOGO) position statement,” Orphanet Journal
of Rare Diseases, vol. 12, no. 1, article 72, 2017.
L. Bartalena, L. Baldeschi, K. Boboridis et al., “The 2016 euro-
pean thyroid association/european group on graves’ orbitopa-
thy guidelines for the management of graves orbitopathy,”
European Thyroid Journal, vol. 5, no. 1, pp. 9-26, 2016.
[26] C. Di Maria, J. Allen, J. Dickinson, C. Neoh, and P. Per-
ros, “Novel thermal imaging analysis technique for detecting

[17

(20

™
-

[25



International Journal of Endocrinology

(27]

(28]

inflammation in thyroid eye disease,” The Journal of Clinical
Endocrinology & Metabolism, vol. 99, no. 12, pp. 4600-4606,
2014.

C. M. Riguetto, “Uso da termografia infravermelha na avaliacio
de pacientes com oftalmopatia de Graves,” in Dissertagdo
(Mestrado em Clinica Médica), Disciplina de Endocrinolgia,
Universidade Estadual de Campinas, Campinas, Brazil, 2018.

M. C. Villadolid, N. Yokoyama, M. Izumi et al., “Untreated
graves disease patients without clinical ophthalmopathy de-
monstrate a high frequency of extraocular muscle (EOM)
enlargement by magnetic resonance,” The Journal of Clinical
Endocrinology & Metabolism, vol. 80, no. 9, pp. 2830-2833,1995.



