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Change of intraocular blood flow
during treatment for thyroid eye
disease
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Don O. Kikkawa??

Abstract:

To report a sequential observational study of changes in the retinal and choroidal blood flow during
medical and surgical treatments for a thyroid eye disease (TED) patient, using optical coherence
tomography angiography (OCTA) and laser speckle flowgraphy (LSFG). A 28-year-old man with a
history of Graves’ disease diagnosed 8 months prior was presented in the active phase of TED.
His clinical activity score (CAS) was 6, but without diplopia or visual loss. Intraocular pressure
measurement was OD 20 mmHg and OS 24 mmHg. Thyrotropin receptor antibody (TRAb) and
thyroid-stimulating antibody levels were 18.8 IU/L and 4347%. Magnetic resonance imaging revealed
enlargement of both extraocular muscles and fat compartments in both orbits. The patient underwent
IV pulsed steroid therapy (1 g/day, 3 days) followed by an oral prednisone for 1 month. His CAS
score decreased to 4. Bilateral orbital fat decompression decreased his final CAS score to 1 in both
eyes. Intraocular blood flow was measured using laser speckle flowgraphy (LSFG), and OCTA was
performed. Retinal blood flow increased slightly, but choroidal blood flow showed a robust increase.
Choroidal blood flow measured using both LSFG and OCTA was negatively correlated with the
CAS score and TRADb. In our case report, the ocular perfusion, especially choroidal blood flow, may

Keywords:

Introduction

hyroid eye disease (TED) is an

autoimmune disease targeting the
orbital and peri-orbital soft tissues.
Resulting inflammation may increase
intra-orbital pressure causing venous
congestion and in rare instances, compress
the optic nerve, resulting in compressive
optic neuropathy."! Optical coherence
tomography angiography (OCTA) is a
novel instrumental that analyzes intraocular
microvascular changes layer by layer.
Recent reports have been focused on
the retinal perfusion on TED patients to
demonstrate early subclinical signs of the
disease.””! However, controversy exists as
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decrease in active TED, which may be reversed by medical and surgical treatment.

Laser speckle flowgraphy, optical coherence tomography angiography, thyroid eye disease

to whether the perfusion is decreased™! or
increased.**! This discrepancy may be due
to cross-sectional studies comparing the
TED patients and controls, and also that
vascular perfusion may vary based on the
systemic condition of the patient, intraocular
pressures (IOP), and inflammatory status
of the orbit. In addition, results can differ
depending on the scanning area, i.e., disk or
macula, and even vary based on the type of
commercial OCTA used.'"! Laser speckle
flowgraphy (LSFG) has also been used to
measure intraocular perfusion.'* This is
a novel device that measures sequential
perfusion changes, taking the IOP and blood
pressure into account, which is suitable for
monitoring the tissue circulation at the same
site in the same eye at various intervals.[
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We report a sequential observational study in a single
patient examining changes in intraocular perfusion
using both OCTA and LSFG during medical and surgical
treatment for TED with particular attention to how
treatment affects globe perfusion.

Case Report

A 28-year-old man with a history of Graves’ disease
diagnosed 8 months prior was referred with active
TED. His clinical activity score (CAS) was 6 [Figure 1a].
Visual acuity was 20/20 OU. Exophthalmometry
measured OD 20.5 mm and OS 21.5 mm. IOP was OD
20 mmHg and OS 24 mmHg. Thyrotropin receptor
antibody (TRADb) was 18.8 IU/L (normal range:
<2.0 IU/L), and thyroid-stimulating antibody was
4347% (normal range: <120%). He was euthyroid.
Magnetic resonance imaging revealed enlargement of
fat and extraocular muscles in both orbits [Figure 2a].
He was a habitual 1 pack per day smoker. His medical
history was otherwise unremarkable.

One month after presentation, he underwent three
courses of pulsed IV steroids (1 g/day for 3 days) with
an oral steroid taper over the following month. After the
IV pulsed steroids, his CAS score decreased to 4. Bilateral
orbital fat decompression was then performed with 4cc
of fat removal from each orbit through transconjunctival
approach!™'® that finally decreased his CAS score to 1in
both eyes [Figure 1b and 2b and c].

Pre Post treatment

Figure 1: 28-year-old male patient with thyroid eye disease at pre-(a) and post-(b)
treatment

During the time course of treatment described
above, corresponding measurements were made.
Intraocular blood flow was analyzed using LSFG
(LSFG, LSFG-NAVI, and LSFG Analyzer software;
Softcare Co., Ltd., Fukuoka, Japan) and enhanced
depth imaging OCT (EDI-OCT; RS 3000 Advance2;
NIDEK Co., Ltd., Tokyo, Japan). LSFG measurements
were performed in a sitting position with heart rate
monitoring along with IOP and blood pressure
measurement.'?l Relative blood flow velocity was
calculated using first-order speckle statistics quantified
as mean blur rate (MBR). MBR of the vascular
areas in the optic nerve head (MBR-V), reflecting
retinal blood flow, and MBR of the tissue areas in
the parafovea (MBR-T), reflecting choroidal blood
flow, were automatically calculated using the LSFG
analyzer software [Figure 3]. OCTA imaging was
also performed in the sitting position. Signal density
of radial peripapillary capillary plexus (RPCP; ILM
to ILM+104 mm), reflecting retinal blood flow, and
that of choroidal plexus (CP; RPE/BM+4 mm to
RPE/BM+125 mm), reflecting choroidal blood flow,
were automatically measured on the images obtained
using a spectral domain-OCT in 3 mm x 3 mm areas
in the optic nerve [Figure 4]. All measurements were
repeated three times, and the mean value was used
for the analyses.

The choroidal blood flow measured using both LSFG
and OCTA was negatively correlated with the CAS
score and TRAD. Retinal blood flow, conversely, did
not change during the treatment [Figure 5]. Using
LSFG, the MBR-V (retinal perfusion) increased
OD 18.5% (38.17 initial vs. 45.4 end) and OS 1.9%
(34.3 initial vs. 34.9 end). MBR-T (choroidal perfusion)
increased OD 51.6% (4.2 initial vs. 6.3 end) and OS
45.2% (4.73 initial vs. 6.87 end). Regarding OCTA,
the density of signal of RPCP increased slightly by
OD 1.6% (19.07 initial vs. 21.68 end) and OS 15.2%
(9.67 initial vs. 18.12 end). CP increased remarkably,
with OD 563.5% (3.24 initial vs. 21.47end) and OS
1618.9% (1.06 initial vs. 18.22 end). During all visits, the
mean IOP was stable, showing OD 21.9 + 3.8 mmHg
and OS 20.7 + 3.4 mmHg.

Pre treatment

Post steroid IV

Post surgey

Figure 2: MRI of orbits at pretreatment (a), poststeroid pulsed therapy (b), and postorbital decompression surgery (c)
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Discussion

The current case report shows that ocular blood flow
is correlated with the orbital inflammation in TED. The

Figure 3: Serial perfusion map photos by laser speckle flowgraphy of the patient at
pretreatment (upper row) and posttreatment (lower row)

Right

Figure 4: Serial perfusion map photos by optical coherence tomography angiography
of the patient at pretreatment (upper row) and posttreatment (lower row)

choroidal blood flow showed more increase than retinal
blood flow in response to treatment for active TED. Our
impression is that ocular perfusion is affected by the
orbital inflammation.

We hypothesize that the differential response of retinal
and choroidal blood flows may arise from several
reasons. First, the choroidal blood supply is from the
smaller artery, short posterior ciliary artery compared
to the larger central retinal artery. Second, the optic
nerve sheath may provide additional protection to the
central retinal artery from both orbital pressure and
inflammation. Thus, the choroidal perfusion may be
more sensitive to external orbital pressure in patients
with active TED.["! One additional factor influencing
choroidal circulation is sympathetic innervation that
may be affected by thyroid hormone, but our patient
was euthyroid.>8!

The current case shows that both medical and surgical
therapy contribute to the recovery of the ocular blood
flow. Blood flow was noted to dramatically increase after
steroid pulse therapy, indicating that the relief of the
orbital pressure increased ocular blood flow, overcoming
the pharmaceutical vessel contraction caused by
steroids.'! Orbital decompression can also contribute to
blood flow recovery. In the current study, decompression
occurred after steroid therapy when the inflammation
was reduced. After orbital decompression, blood flow
additionally recovered indicating that choroidal blood
supply may be very sensitive to orbital pressure.[2°2!]

With less severe orbital compartment syndrome, such
as the current case, a decrease in choroidal blood
flow can be seen before developing compressive optic
neuropathy and diminished retinal arterial flow."? This

CAS and TRAb

20 7
18 6
16
14 -
230 “y
2
gD ;8
6 2
N 1
2
0 0
First visit Pre Steroid 1W Post-V 3M post-V 12M post-IV  1W Post- 1M Post-
v surgery  surgery
e TRAD e CAS
Sequential change of retinal perfustion
50.0 30.0
45.0
40.0 - 25.0
35.0 —— 20.0
30.0

MV
&
°

First visit  Pre Steroid 1W Post-IV 3M post-IV 12M post-V W Post-
surgery

1M Post-
surgery

==——RJMV Mean of vascular ~ ===L)MV Mean of vascular  ===R)RPCP LRPCP

0P

W

Firstvisit  Pre Steroid IV 1W Post-V 3M post-lV  12M post-IV.
——Right ——Left

1W Post-
surgery

1M Post-
surgery

Sequential change of choroidal perfusion

)

MBR of Fovea

&

L/

First visit  Pre Steroid 1W Post-IV 3M post-IV 12M post-V 1W Post-
surgery

1M Post-
surgery
——R)MBR of fovea ——L)MBR of fovea

——R)cP Lee

Figure 5: Graphs showing the sequential change of clinical activity score and thyrotropin receptor antibody (upper left), of intraocular pressure (upper right), choroidal perfusion
(lower right), and retinal perfusion (lower left), at various times: Pretreatment, after intravenous steroid pulse infusion therapy, and after orbital decompression
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means that the occult reduction in choroidal blood flow
may occur with effects on vision before objective visual
disturbances. In other words, monitoring choroidal
flow of TED patients may assist in the evaluation of
orbital pressure increases. This may also approximate
orbital inflammation quantitively, which can be another
parameter to evaluate TED severity along with CAS and
VISA scores. We are now accumulating data in additional
patients for further study.

This study has some limitations. First, this is a
preliminary case report that needs to accumulate various
data to confirm our result. Second, potential artifacts
may occur, especially in OCTA, which can influence the
result. Despite these limitations, these two novel methods
showed similarities with respect to ocular perfusion in
TED globe, suggesting future potential utility.

Conclusion

Orbital pressure in TED patients can decrease blood
supply, especially choroidal perfusion. OCTA and LSFG
are simple and noninvasive methods to evaluate the
ocular perfusion quantitively. Its usefulness and role in
evaluating TED require further study.
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