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Effects of pulse glucocorticoid treatment 2
on retinal blood flow in patients with active
Graves' orbitopathy

Hedayatullah Mohammadi'®, Irfan Botan Glines” ® and Seyhmus Ari®

Abstract

Background Various studies have shown decreased retinal blood flow in patients with active Graves'orbitopathy
(GO). We investigated whether retinal blood flow returned to normal levels after intravenous glucocorticoid treatment
in active GO patients.

Methods Thirty-two eyes of 32 patients with moderate or severe active GO and 32 eyes of 32 healthy participants
were included. The blood flow in the superficial plexus (SP), deep retinal plexus (DP), external retinal (ER) capillary
plexus and choriocapillaris was measured via OCT-Angiography before treatment with methylprednisolone and
one week after the completion of treatment. In addition, central macular thickness, intraocular pressure, and best
corrected visual acuity, were compared with those of the control group.

Results Retinal blood flow (RBF) in the macula at SP, DP, ER and choriocapillaris levels was 48.38 £2.04, 54.17 +3.11,
042+0.14 and 2176.45+147.53 in the control group and 4591 +4.56, 51.55+3.84,0.35+0.34 and 2030.15+132.15
in the active GO group, respectively. The RBF was significantly lower in the active GO group than in the control group
at all angiographic levels (p < 0.001). Although blood flow increased after treatment, it remained lower than that in
the control group (p <0.001). The mean CMT was significantly greater in active GO patients before treatment than

in the controls and after treatment (p <0.001). No serious systemic or ocular side effects were observed in any of the
patients.

Conclusions After pulse glucocorticoid treatment, retinal blood flow increases but remains low compared with that
in the healthy control group.

Keywords Glucocorticoids, Graves' ophthalmopathy, Optical coherence tomography angiography, Pulse therapy,
Vessel, retinal blood
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Introduction

Graves’ orbitopathy (GO) is an inflammatory autoim-
mune disease in which autoantibodies against common
antigens of the thyroid gland and orbital soft tissues,
play important roles [1]. Although the pathogenesis of
this disease has not been fully elucidated, autoantibodies
are thought to activate of thyroid-stimulating hormone
receptor (TSH-R) and lead to the uncontrolled release of
thyroid hormones by mimicking thyroid-stimulating hor-
mone (TSH) [1-3]. In addition, these autoantibodies also
lead to inflammation of the orbital soft tissues, expansion
of the extraocular muscles and an increase in the volume
of orbital adipose tissue by activating orbital fibroblasts
via cross-reactivity [3]— [4].

Patients with GO are divided into active and inac-
tive subgroups on the basis of the presence and severity
of clinical findings, and immunomodulatory treatment
planning is based on the activity and severity of the dis-
ease [5-7]. The clinical activity score (CAS) is widely
used in assessing the activity level of GO [6]. According
to the EUGOGO guidelines active GO is described as
mild, moderate to severe, or sight-threatening [8]. Glu-
cocorticoids are the first choice for immunomodulatory
treatment in patients with moderate or severe active GO
[9].

In patients with active GO, symptoms of proptosis
and diplopia occur as a result of the inflammation and
increased volume of orbital soft tissues, whereas effects
such as eyelid edema, conjunctival redness, chemosis and
caruncle swelling occur because of impaired ocular blood
flow [4, 10, 11]. Previous studies have demonstrated
changes in ocular blood flow in GO patients via color
Doppler ultrasonography (USG) and retinal flowmetry
whereas a decrease in ocular blood flow was detected by
Doppler USG; conversely, an increase in blood flow was
detected via retinal flowmetry [11, 12]. In addition, OCT
angiography (OCT-A) has recently been introduced as an
established retinal imaging modality. With OCT-A, reti-
nal blood flow in eye diseases and in systemic diseases
with potential eye involvement can be visualized nonin-
vasively on a micrometer scale [13].

There is only one previous study evaluating the effect of
glucocorticoid treatment on retinal blood flow in Graves’
orbitopathy using OCT angiography, which revealed an
increase in retinal blood flow after treatment. Our study
included a control group, unlike the previous study, and
compared the retinal blood flow after treatment with that
of the healthy control group.

Methods

The present study had a prospective case control design
and was carried out under the 1961 Declaration of Hel-
sinki revised by the World Medical Association (WMA)
for the Ethical Principles for Medical Research Involving
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Human Subjects amended in October 2013. Approval
was obtained from the Local Ethics Committee for the
Clinical Practices of Gaziantep University (Reg. number:
07/25/2021 - 205); additionally, written informed consent
was obtained from all participants.

Thirty-two eyes of 32 patients diagnosed with active
GO (with more the proptotic eye selected) and the 32
right eyes of 32 participants in the control group were
included in the study. All participants were assessed for
age, sex, the presence of comorbid diseases, thyroid hor-
mone status and history of medical or surgical treatment,
and the data obtained were recorded. The best corrected
visual acuity (BCVA) values of all participants were mea-
sured and the results were recorded as the logarithm of
the minimum angle of resolution (logMAR). The find-
ings of the anterior segment examinations were recorded
using slit lamp microscopy, and the findings of the poste-
rior segment examinations were determined using a 90-D
lens. Proptosis was also determined with a Hertel exoph-
thalmometer device (K-0161, Inami & Co. Ltd. Japan).

Participants aged 18-75 years with visual acuity<0.3
logMAR, an open visual axis and sufficient pupil dila-
tion and fixation for OCT-A were included in the study.
Participants aged < 18 or >75 years; with BCVA >0.4 log-
MAR and spherical equivalent>6; with anterior segment
pathology that obstructed the visual axis; with disorders
affecting the optic disc, retina or choroid; with systemic
diseases other than Graves’ disease; or with a history of
glaucoma, dysthyroid optic neuropathy, previous orbital
surgery, or orbital radiotherapy; with OCT-A image qual-
ity <6; or with a cup-to-disc ratio >0.3 were not included
in this study.

The clinical status of the patients was assessed using
the Clinical Activity Score (CAS). The status is defined
as active if the score is 23, and consists of the following
seven items and binary responses (yes/no) [14]:

« Spontaneous retrobulbar pain.

« Pain on attempting up and down gaze.

« Redness of eyelids.

« Redness of conjunctivae.

« Swelling of eyelids.

« Inflammation of the caruncle and/or plica.

« Conjunctival edema.

Disease severity was assessed according to the cri-
teria of the European Group on Graves’ Orbitopathy
(EUGOGO) [6]. Patients with moderate to severe active
GO who had a CAS>3/7 during follow-up received pulse
glucocorticoid therapy. Patients with active GO were
treated with intravenous (i.v.) pulse methylprednisolone
at a dose of 500 mg/week with a cumulative dose of 4.5 g
for six weeks and an additional 250 mg/week for the sec-
ond six weeks.

Eye examination was performed by the same specialist
(H.M) using the OCT-A device (AngioVue, RT Vue-XR,
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Fremont, California, USA). The examinations included paired samples t test was used to compare the pre- and
a 3x3 mm macular area centered on the fovea at four post treatment data of patients with active Graves’ orbi-
angiographic levels; [superficial plexus (SP), deep plexus  topathy. The Spearman coefficient was used for the corre-
(DP), external retinal (ER) plexus and choriocapillaris lation tests, and the chi-square test was used to examine
(CC)] and a 4.5x4.5 mm peripapillary area centered on  the categorical variables. The results were analyzed at a
the optic disc. The central macular thickness (CMT), 95% confidence interval (CI), and a p- value of <0.05 was
foveal avascular zone (FAZ), and peripapillary vascular  considered to indicate statistical significance.

density (VD) were automatically scanned via OCT-A

before treatment and 13 weeks after the start of methyl- Results

prednisolone treatment (one week after the completion  Thirty- two eyes of 32 patients (18 females and 14 males)
of all administrations) (Figs. 1 and 2). The measurements  with moderate to severe active GO and 32 eyes of 32
obtained were compared with those of the control group.  healthy participants (17 females and 15 males), as a con-
The black-to-white pixel ratios of the scanned areas in  trol group, were included in the study. The mean age of
the OCT-A images are expressed indicators of blood flow  the patients in the active GO group was 40.62+12.45
in percent (%); this percentage represents an indirect years (between 21 and 62 years), and that in the control

measure of blood flow. group was 41.12+11.2 years (between 20 and 60 years)
(p=0.642). The mean CAS was 4.18 £0.62 before treat-

Statistical analysis ment and 1.22+0.84 (p <0.001) after treatment.

All the statistical analyses were carried out using the Sta- In active GO patients, the mean proptosis values

tistical Package for the Social Sciences software °, version  before treatment were significantly greater than both
20.0 (IBM Corp., SPSS, Armonk, NY). Descriptive char-  the post treatment values and those in the control group
acteristics are presented as the mean + standard deviation ~ (p<0.001); however, no significant differences were
(SD) (minimum - maximum) values. Since the sample found in the mean BCVA or intraocular pressure (IOP)
size was small, the Shapiro -Wilk test was performed (p=0.392 and p=0.685, respectively) (Table 1).

to determine normality. A normal distribution was The mean CMT was greater in active GO patients
observed for all variables in all groups (W >0.90, p>0.05).  before treatment than in both the control group and post
The independent samples t test was used for comparisons  treatment patients (p <0.001). The mean FAZ values did
between the control group and the patient groups. The
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Fig. 1 Optical coherence tomography angiography (OCT-A) image showing a 3x 3 mm macular area centered on the fovea
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Fig. 2 Optical coherence tomography angiography (OCT-A) image showing a 4.5x4.5 mm region of the peripapillary area centered on the optic disc

Table 1 Intraocular pressure, best-corrected visual acuity, Hertel exophthalmometer measurements of both groups and clinical

activity scores in patients with active graves' orbitopathy

Control Group Active GO Pre-treatment Values (2) Active GO Post-treatment Values (3) p
(W) n:32 n:32
n:32
|IOP 1814+1.13 1827+2.74 18.46+2.08 1-2:p=0.585°
mmHg+SD (13-22) (12-22) (13-21) 1-3:p=0.386°
2-3p=0461°
BCVA 0.05+0.07 0.08+0.03 0.06+0.05 1-2p=0392°
logMAR+SD (0.00-0.30) (0.00-0.30) (0.00-0.30) 1-3:p=0.786°
2-3p=0541°
Hertel 18.05+2,01 21.64+228 20.69+2.46 1-2:p<0.001°
mm=+SD (16.00-21.00) (17.00-23.00) (16.00-22.00) 1-3:p<0.001°
2-3p<0001°
CAS - 4.18+0.62 1.22+0.84 <0.001°
(3-6) (0-3)

Descriptive characteristics were given as mean + standard deviation (SD) (minimum-maximum), n: Number of eyes, GO: Graves’ Orbitopathy, IOP: Intraocular
pressure, BCVA: Best-corrected visual acuity, CAS: Clinical activity score, ? Independent samples t-test, ® Paired samples t-test, p-value <0.05 was accepted as

statistically significant

not significantly differ between the groups (p=0.392).
(Table 2).

While the mean value of the peripapillary vascular
density was significantly lower in the active GO group
than in the control group, no significant difference was
found between pretreatment and posttreatment values.
(p<0.001 and p=0.254). The mean intraoptic disc vas-
cular density was significantly lower in the active GO
group than in the control group, and the values before

treatment were significantly lower than those after treat-
ment (p<0.001) (Table 2).

In the control group, the blood flow in the macula at the
SP, DP, ER and CC was 48.38+2.04, 54.17+3.1, 0.42+0.1
and 2176.45+147.5 respectively. Macular blood flow in
the active GO group was significantly lower than that in
the control group at all angiographic levels, and although
blood flow increased after treatment, it remained lower
than that in the control group (p<0.001) (Table 3). No
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Table 2 Average central macular thickness, foveal avascular zone and vascular density of the intra-optic disc, peripapillary capillary

plexus before and after treatment

Control Group Active GO Pre-treatment Values (2) Active GO Post-treatment Values p
(1 n:32 (3)
n:32 n:32
CMT (um +SD) 246811534 251.05+£21.37 246.36+24.12 1-2:p<0.001°
1-3p=0.164°
2-3p<0001°
FAZ (mm?£SD) 032+0.11 031+0.22 0.32+0.08 1-2p=0392°
1-3p=0.764
2-3p=0.346"
Intra-optic VD 5221£5.10 49.17+4.65 50.64+6.24 1-2:;p<0.001°
(%+SD) 1-3;p<0.001°
2-3p<0001°
Peripapillary VD 51974251 4996+2.15 50.04+4.16 1-2:p<0.001°
(%£SD) 1-3;p<0.001°
2-3p=0254°

Descriptive characteristics were given as mean + standard deviation (SD), n: Number of eyes, GO: Graves’ Orbitopathy, CMT: Central macular thickness, FAZ: Foveal

avascular zone, VD: Vascular density,

2 Independent samples t-test, ® Paired samples t-test, p-value < 0.05 was accepted as statistically significant

Table 3 Macular blood flow at different retinal levels

Control Group

Active GO Pre-treatment Values (2)

Active GO Post-treatment Values (3) P

(1) n:32 n:32
n:32
SP BF (%=SD) 4838+2.04 4591+4.56 46114345 1-2p<0.001°
1-3p<0001°
2-3p=0001°
DP BF (%z5SD) 5417+3.11 51.55+3.84 5269+3.92 1-2p<0.001°
1-3p<0001°
2-3p<0001°
ER BF area (mm?=SD) 042+0.14 0.35+034 0374053 1-2p<0.001°
1-3p<0001°
2-3p<0001°
CCBFarea (mm?+SD)  217645+14753  2030.15+132.15 209820+183.16 1-2p<0.001°
1-3p<0001°
2-3p<0001°

Descriptive characteristics were given as mean * standard deviation (SD) (minimum-maximum), n: Number of eyes, GO: Graves’ Orbitopathy, BF: Blood flow, SP:
Super ficial plexus, DP: Deep plexus, ER: External retina, CC: Choriocapillaris,  Independent samples t-test, ® Paired samples t-test, p-value <0.05 was accepted as

statistically significant

participants developed cataracts, hypertension, blood
sugar dysregulation, worsening of liver function tests or
allergic reactions during treatment or follow-up.

Discussion

The main orbital vascular structures and changes in reti-
nal microvascular circulation in GO patients and their
effects on the eyes were investigated using various imag-
ing techniques such as Heidelberg retinal flowmetry, ocu-
lodynamometry, color Doppler USG, OCT, and OCT-A
[11, 15-17]. In the present study, we investigated the
effects of pulse glucocorticoid treatment on IOP, BCVA,
CMT and retinal blood flow in patients with active GO
using OCT-A, which provides noninvasive angiographic
images of the optic disc and retinal microvascular struc-
tures within seconds. Since the clinical activity scores of
both eyes were the same in the vast majority of patients

included in the study, more proptotic eye was selected for
each.

Owing to their anti-inflammatory and immunosup-
pressive effects, glucocorticoids have been used for sev-
eral years as first-line treatments for many inflammatory
diseases. The European Thyroid Association (ETA) rec-
ommends intravenous glucocorticoid pulse therapy as
the first-line treatment for active and moderate to severe
GO [18-20]. In our study, we also implemented the treat-
ment protocol recommended by the ETA in our patients,
and none of our patients experienced serious cardiovas-
cular or cerebrovascular complications or serious sys-
temic complications such as acute liver failure during the
treatment period.

The CAS is used to evaluate and determine disease
activity and assess patient response to immunomodula-
tory treatment by allowing rapid assessment in the office
setting and independent of other imaging modalities [14].
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A study conducted by Tortora et al. it was revealed that
the CAS is beneficial for the accurate diagnosis of GO
patients and that the correlation of the CAS with other
imaging modalities is satisfactory [21]. In our study, the
mean CAS before treatment was 4.18 +0.62. The mean
CAS after treatment was 1.22+0.84. Due to the anti-
inflammatory effect of glucocorticoid treatment, a sig-
nificant decrease in CAS was observed in patients after
treatment. Similarly, a significant decrease in the mean
posttreatment Hertel exophthalmometer readings was
observed in GO patients. We found no significant dif-
ference between the mean IOP or BCVA before or after
treatment or between patients and the control group.
Similarly, no significant difference was found in the IOP
values of patients after glucocorticoid treatment in the
study by Hall et al. [22].

In previous studies examining retinal blood flow using
OCT-A in AGO patients, Tehrani et al. reported that the
VD in the macula, parafoveal area, and peripapillary area
was lower in active GO patients than in healthy controls
[23]. Dave et al. reported that peripapillary and macular
VD values were also lower in active GO patients than in
patients with inactive GO and reported no significant dif-
ference between inactive GO patients and healthy con-
trols [24]. In another study by Wu et al. the VD in the
superficial and deep capillary plexus was lower in active
GO patients than in healthy individuals [25]. The rea-
son for the decrease in retinal blood flow in active GO
patients in all the above studies was the increase in vol-
ume owing to inflammation in the orbital soft tissues
and extraocular muscles, which led to a decrease in ret-
inal blood flow because of the effect of compression on
normal retinal blood flow. In contrast to the findings of
the above studies, Ye et al. reported an increase in both
superficial and deep retinal VD in active GO patients
and attributed this result to the increase in ocular blood
flow owing to inflammation and increased cardiac output
caused by hyperthyroidism [26].

To our knowledge, only one previous study in the liter-
ature investigated the effects of glucocorticoid treatment
on retinal blood flow in active GO patients using OCT-A
[27]. In the study by Del Noce et al. an increase in the VD
in all retinal layers of the macula was found after i.v. pulse
glucocorticoid treatment in active GO patients [27]. Del
Noce et al. demonstrated that the decrease in inflamma-
tion in orbital soft tissues and the increase in blood flow
in the retina owing to the decrease in intraorbital pres-
sure after treatment with pulse steroids were responsible
for the increase in VD in all retinal layers of the macula
[27]. Although the effect of glucocorticoid treatment on
retinal blood flow in active GO patients was evaluated
in the study conducted by Del Noce et al. we could not
evaluate whether the blood flow reached normal levels
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after treatment because there was no control group in the
study.

The quality of the images obtained in an OCT-A
examination may affect the quantitative values. Kamali-
pour A. et al. demonstrated in their study that Angiovue
examinations with an image quality score above 4 (range
1 to 10) produced reliable results [28]. In our study, we
excluded examinations with an image quality score below
6. Additionally, most of the images obtained for the pres-
ent study have an image quality score of 7 or above.

In our study, blood flow in the peripapillary area,
intra optic disc and all angiographic levels of the macula
(SP, DP, ER and coriocapillaris) in active GO patients
increased significantly after pulse glucocorticoid treat-
ment but did not reach the level of healthy control par-
ticipants in any area. We believe that the lower retinal
blood flow in active GO patients than in control patients
is related to the decrease in orbital blood flow due to the
compressive effect of the volume increase associated with
inflammation in orbital soft tissues, as predicted by the
authors in previous studies [23-25].

Previous studies have shown that Graves’ disease and
hyperthyroidism trigger inflammation and increase the
number of adhesion molecules in vascular endothelial
structures, thereby increasing the risk of atherosclerosis
and vascular occlusion [29, 30]. We suggest that this may
contribute to the decrease in retinal vascular density in
patients with Graves’ disease. However, we believe that
OCT-A data, which indirectly show retinal blood flow,
are insufficient for this evaluation and that fluorescein
angiography and retinal flowmetry examinations, which
directly indicate blood flow, would be more accurate.

After pulse glucocorticoid treatment, the volume of the
soft tissues in the orbit decreases owing to the decrease
in inflammation and the compressive effect on blood ves-
sels also decreases. The significant decrease in proptosis
after treatment supports our hypothesis. However, in
our study, retinal blood flow was still significantly lower
in the treated group than in the control group. The fact
that the proptosis measurements were still significantly
greater after treatment than those in the control group
showed that the soft tissue volume in the orbit was still
larger than normal.

The vascular density in the choriocapillaris layer, which
supplies the outer segment structures of the retina,
increased after treatment. This finding suggests that the
choroidal blood flow may have increased as a result of
the same factors that caused the increase in retinal blood
flow.

Previous studies have shown that a decrease or slow-
down in retinal blood flow may predispose patients to
normotensive glaucoma, retinal artery stenosis, branch
retinal vein occlusion and choroidal neovascularization
[31-33]. We believe that we do not yet have sufficient
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evidence to evaluate the importance of the statistically
significant numerical decrease in retinal blood flow in
terms of eye health and clinical practice. However, we
believe that active GO patients, whose retinal blood flow
is below normal levels despite treatment should be fol-
lowed carefully to monitor for retinal vascular diseases
and normotensive glaucoma.

In this study, although a decrease in the thickness of
the CMT was found after pulse glucocorticoid treatment,
there was no significant difference in the mean FAZ
area. Previous studies have reported a decrease in supe-
rior ophthalmic vein flow and venous congestion in the
orbit in active GO patients [34—36]. We hypothesize that
the decrease in CMT after treatment with i.v. glucocor-
ticoids in our study was attributable to the regression of
venous congestion in the orbit, which resulted from the
decrease in inflammation and edema in the soft tissues
after treatment.

The limitations of the study include the small sample
size, short patient follow-up period, lack of orbital imag-
ing showing orbital congestion after treatment and lack
of measurement of the axial lengths of the participants
included in the study, which was one of the most impor-
tant limitations. Additionally, we were unable to obtain
measurements adjusted for diurnal effects, which is
another shortcoming of our study.

Conclusions

In conclusion, we found that retinal blood flow was
reduced in active GO patients. The retinal blood flow
in active GO patients increased after pulse glucocorti-
coid treatment but remained low compared to that of the
healthy controls. According to the results of our study,
OCT-A can be used to evaluate of the efficacy of gluco-
corticoid treatment. To explain the clinical significance of
the statistically significant decrease in retinal blood flow,
studies with larger sample sizes and longer follow-up
periods are needed.

Acknowledgements
Not applicable.

Author contributions

Conceptualization: IBG and HM; Methodology: IBG, HM and SA; Software:

IBG; Validation: HM and IBG; Formal Analysis: HM, IBG and SA; Investigation:
HM, IBG and SA; Resources: IBG and HM; Data Curation: IBG and SA; Writing-
Original Draft Preparation: IBG; Writing-Review and Editing: IBG, HM and SA;
Visualization: HV and IBG; Supervision: SA; Project Administration: HM and SA;
All authors have read and agreed to the published version of the manuscript.

Funding
The authors declare that no funds, grants, or other support was received
during the preparation of the study.

Data availability
The datasets during and/or analysed during the current study available from
the corresponding author on reasonable request.

Page 7 of 8

Declarations

Ethics approval

For the present study, approval was obtained from the Local Ethics Committee
for Clinical Practices of Gaziantep University (Reg. number: 07/25/2021—205)
under the 1961 Declaration of Helsinki and its later amendments. Informed
consent was obtained from all individual participants included in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 13 January 2025 / Accepted: 3 June 2025
Published online: 01 July 2025

References

1. BahnRS. Graves'ophthalmopathy. N Engl J Med. 2010;362(8):726-38. https.//
doi.org/10.1056/NEJMra0905750.

2. Bartalena L, Piantanida E, Gallo D, et al. Epidemiology, natural history, risk
factors, and prevention of graves'orbitopathy. Front Endocrinol (Lausanne).
2020;11:615993. https://doi.org/10.3389/fendo.2020.615993. Published 2020
Nov 30.

3. Furmaniak J, Sanders J, Sanders P, et al. TSH receptor-specific monoclonal
autoantibody K1-70TM targeting of the TSH receptor in subjects with graves’
disease and graves' orbitopathy-Results from a phase | clinical trial. Clin
Endocrinol (Oxf). 2022;96(6):878-87. https://doi.org/10.1111/cen.14681.

4. DianaT, Ponto KA, Kahaly GJ. Thyrotropin receptor antibodies and
Graves'orbitopathy [published correction appears in J Endocrinol Invest.
2022;45(1):2331. J Endocrinol Invest. 2021,44 (4):703-712. https://doi.org/10.10
07/540618-020-01380-9

5. Dolman PJ, Rootman J. VISA classification for graves orbitopathy. Ophthalmic
Plast Reconstr Surg. 2006;22(5):319-24. https://doi.org/10.1097/01.iop.000023
5499.34867.85.

6. European Group on Graves Orbitopathy (EUGOGO), Wiersinga WM, Perros
P, Kahaly GJ, Mourits MP, Baldeschi L, Boboridis K, Boschi A, Dickinson AJ,
Kendall-Taylor P, Krassas GE et al. Clinical assessment of patients with Graves'
orbitopathy: the European Group on Graves' Orbitopathy recommendations
to generalists, specialists, and clinical researchers. Eur J Endocrinol 2006:155
(3):387-9. https://doi.org/10.1530/eje.1.02230

7. Werner SC. Classification of the eye changes of graves'disease. Am J Ophthal-
mol. 1969,68(4):646-8. https.//doi.org/10.1016/0002-9394(69)91246-x.

8. Hodgson NM, Rajaii F. Current Understanding of the progression and man-
agement of thyroid associated orbitopathy: a systematic review. Ophthalmol
Therapy. 2020;9(1):21-33. https://doi.org/10.1007/540123-019-00226-9.

9. Douglas RS, Gupta S.The pathophysiology of thyroid eye disease: implica-
tions for immunotherapy. Curr Opin Ophthalmol. 2011;22(5):385-90. https://
doi.org/10.1097/ICU.0b013e3283499446.

10.  Kurian DE, Kalra S, Kapoor N. Understanding the pathogenesis of graves’
orbitopathy: A new age paradigm. J Pak Med Assoc. 2022,72(4):767-70. https:
//doi.org/10.47391/JPMA.22-28.

11. Walasik-Szemplinska D, Pauk-Domariska M, Sanocka U, et al. Doppler imaging
of orbital vessels in the assessment of the activity and severity of thyroid-
associated orbitopathy. J Ultrasonography. 2015;15(63):388.

12. Perri P, Campa C, Costagliola C, et al. Increased retinal blood flow in patients
with active graves' ophthalmopathy. Curr Eye Res. 2007;32(11):985-90. https:/
/doi.org/10.1080/02713680701689773.

13.  Hohberger B, Mardin CY. OCT angiography as an interdisciplinary diagnostic
tool for systemic diseases. Klin Monbl Augenheilkd. 2021;238(12):1294-8. htt
ps://doi.org/10.1055/a-1654-0504.

14. Mourits MP, Prummel MF, Wiersinga WM et al. (1997) Clinical activity score
as a guide in the management of patients with Graves ophthalmopathy
[published correction appears in Clin Endocrinol (Oxf) 1997;47(5):632]. Clin
Endocrinol (Oxf) 47(1):9-14. https://doi.org/10.1046/j.1365-2265.1997.233104
7X

15. Lo C, Ugradar S, Rootman D. Management of graves myopathy: Orbital imag-
ing in thyroid-related orbitopathy. J AAPOS. 2018;22 (4):256.e1-256.€9. https://
doi.org/10.1016/j.jaapos.2018.06.002


https://doi.org/10.1056/NEJMra0905750
https://doi.org/10.1056/NEJMra0905750
https://doi.org/10.3389/fendo.2020.615993
https://doi.org/10.1111/cen.14681
https://doi.org/10.1007/s40618-020-01380-9
https://doi.org/10.1007/s40618-020-01380-9
https://doi.org/10.1097/01.iop.0000235499.34867.85
https://doi.org/10.1097/01.iop.0000235499.34867.85
https://doi.org/10.1530/eje.1.02230
https://doi.org/10.1016/0002-9394(69)91246-x
https://doi.org/10.1007/s40123-019-00226-9
https://doi.org/10.1097/ICU.0b013e3283499446
https://doi.org/10.1097/ICU.0b013e3283499446
https://doi.org/10.47391/JPMA.22-28
https://doi.org/10.47391/JPMA.22-28
https://doi.org/10.1080/02713680701689773
https://doi.org/10.1080/02713680701689773
https://doi.org/10.1055/a-1654-0504
https://doi.org/10.1055/a-1654-0504
https://doi.org/10.1046/j.1365-2265.1997.2331047.x
https://doi.org/10.1046/j.1365-2265.1997.2331047.x
https://doi.org/10.1016/j.jaapos.2018.06.002
https://doi.org/10.1016/j.jaapos.2018.06.002

Mohammadi et al. BMC Ophthalmology

20.

21

22.

23.

24.

25.

26.

27.

(2025) 25:361

Leray B, Imbert P, Thouvenin D, et al. Prise En charge diagnostique et
thérapeutique d'une orbitopathie dysthyroidienne: Une affection multidis-
ciplinaire [Diagnosis and treatment of dysthyroid orbitopathy: a multidisci-
plinary disease]. J Fr Ophtalmol. 2013;36(10):874-85. https://doi.org/10.1016/j
jf0.2013.07.004.

TaniT, Song YS, Yoshioka T, et al. Repeatability and reproducibility of retinal
blood flow measurement using a doppler optical coherence tomography
flowmeter in healthy subjects. Invest Ophthalmol Vis Sci. 2017,58(7):2891-8.
https://doi.org/10.1167/iovs.16-21389.

Bartalena L, Baldeschi L, Dickinson A, et al. Consensus statement of the
European group on graves orbitopathy (EUGOGO) on the management of
GO. Eur J Endocrinol. 2008;158:273-85.

Bartalena L, Baldeschi L, Boboridis K, et al. The 2016 European thyroid associa-
tion/european group on graves' orbitopathy guidelines for the management
of graves' orbitopathy. Eur Thyroid J. 2016;5:9-26.

Ponto KA, Pitz S, Mann WJ, et al. [Management of graves' orbitopathy: evi-
dence-based recommendations]. Dtsch Med Wochenschr. 2009;134:2521-4.
Tortora F, Cirillo M, Ferrara M, et al. Disease activity in graves ophthalmopathy:
diagnosis with orbital MR imaging and correlation with clinical score. Neuro-
radiol J. 2013;26(5):555-64. https://doi.org/10.1177/197140091302600509.
Hall AJH, Topliss DJ. Medical and surgical treatment of thyroid eye disease.
Intern Med J. 2022;52(1):14-20. https://doi.org/10.1111/imj.15067.
Jamshidian Tehrani M, Mahdizad Z, Kasaei A, et al. Early macular and peripap-
illary vasculature dropout in active thyroid eye disease. Graefes Arch Clin Exp
Ophthalmol. 2019;257(11):2533-40.

Dave TV, Laghmisetty S, Krishnamurthy G, Bejjanki K, Ganguly A, Jonnadula
GB, Dave VP, Reddy Pappuru R. Retinal vascularity, nerve fiber, and ganglion
cell layer thickness in thyroid eye disease on optical coherence tomography
angiography. Orbit (Amsterdam Netherlands). 2020;17:1-8. https://doi.org/10
.1080/01676830.2020.1846761.

WuY, TuY,Wu C, et al. Reduced macular inner retinal thickness and microvas-
cular density in the early stage of patients with dysthyroid optic neuropathy.
Eye Vis (Lond). 2020;7:16. https://doi.org/10.1186/s40662-020-00180-9.
Published 2020 Mar 10.

Ye L, Zhou SS, Yang WL, et al. Retinal microvasculature alteration in active
thyroid-associated ophthalmopathy. Endocr Pract. 2018;24(7):658-67. https://
doi.org/10.4158/EP-2017-0229.

Del Noce C, Roda M, Ferro Desideri L, et al. Evaluation of macular blood flow
after intermittent intravenous infusion of high-dose corticosteroids (pulse

28.

29.

30.

31.

32.

33.

34.

35.

36.

Page 8 of 8

therapy) in patients with thyroid-associated orbitopathy (TAO) using angio-
OCT. Graefes Arch Clin Exp Ophthalmol. 2022;260(2):571-6. https://doi.org
/10.1007/500417-021-05336-4. Epub 2021 Sep 1. PMID: 34468829; PMCID:
PM(C8786772.

Kamalipour A, Moghimi S, Hou H, et al. OCT angiography artifacts in Glau-
coma. Ophthalmology. 2021;128(10):1426-37. https://doi.org/10.1016/j.opht
ha.2021.03.036.

Ichiki T. Thyroid hormone and atherosclerosis. Vascul Pharmacol.
2010;52(3-4):151-6.

Wisnu W, Alwi |, Nafrialdi N, Harimurti K, Pemayun TGD, Jusman SWA, Santoso
DIS, Harahap AR, Suwarto S, Subekti . The differential effects of propylthio-
uracil and methimazole as graves' disease treatment on vascular athero-
sclerosis markers: A randomized clinical trial. Front Endocrinol (Lausanne).
2021;12:796194.

Pournaras CJ, Rungger-Bréndle E, Riva CE, Hardarson SH, Stefansson E.
Regulation of retinal blood flow in health and disease. Prog Retin Eye Res.
2008;27(3):284-330. https://doi.org/10.1016/j.preteyeres.2008.02.002.

Arya M, Rashad R, Sorour O, Moult EM, Fujimoto JG, Waheed NK. Optical
coherence tomography angiography (OCTA) flow speed mapping technol-
ogy for retinal diseases. Expert Rev Med Devices. 2018;15(12):875-82. https://
doi.org/10.1080/17434440.2018.1548932.

Lee E, Harris A, Siesky B, et al. The influence of retinal blood flow on open-
angle glaucoma in patients with and without diabetes. Eur J Ophthalmol.
2014;24(4):542-9. https://doi.org/10.5301/€j0.5000419.

Hartmann K, Meyerschwickerath R. Measurement of venous outflow pressure
in the central retinal vein to evaluate intraorbital pressure in graves ophthal-
mopathy: a preliminary report. Strabismus. 2000;8:187-93.

Konuk O, Onaran Z, Ozhan OS, et al. Intraocular pressure and superior
ophthalmic vein blood flow velocity in graves' orbitopathy: relation with the
clinical features. Graefes Arch Clin Exp Ophthalmol. 2009;247:1555-9.

Delaey C, Van De Voorde J. Regulatory mechanisms in the retinal and choroi-
dal circulation. Ophthalmic Res. 2000,32:249-56.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.jfo.2013.07.004
https://doi.org/10.1016/j.jfo.2013.07.004
https://doi.org/10.1167/iovs.16-21389
https://doi.org/10.1167/iovs.16-21389
https://doi.org/10.1177/197140091302600509
https://doi.org/10.1111/imj.15067
https://doi.org/10.1080/01676830.2020.1846761
https://doi.org/10.1080/01676830.2020.1846761
https://doi.org/10.1186/s40662-020-00180-9
https://doi.org/10.4158/EP-2017-0229
https://doi.org/10.4158/EP-2017-0229
https://doi.org/10.1007/s00417-021-05336-4
https://doi.org/10.1007/s00417-021-05336-4
https://doi.org/10.1016/j.ophtha.2021.03.036
https://doi.org/10.1016/j.ophtha.2021.03.036
https://doi.org/10.1016/j.preteyeres.2008.02.002
https://doi.org/10.1080/17434440.2018.1548932
https://doi.org/10.1080/17434440.2018.1548932
https://doi.org/10.5301/ejo.5000419

	﻿Effects of pulse glucocorticoid treatment on retinal blood flow in patients with active Graves’ orbitopathy
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


