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A B S T R A C T

Background: Arteritic anterior ischemic optic neuropathy (AAION), primarily caused by giant cell arteritis, is a 
leading cause of blindness. This disease results in significant ocular blood flow (BF) impairment, though data on 
ocular hemodynamics are limited.
Methods: This observational case series enrolled four patients treated for AAION (age: 81.8 ± 7.8 years; male to 
female ratio: 3:1) who underwent laser speckle flowgraphy (LSFG) scanning at the initial visit and after steroid 
treatment in both eyes. Mean blur rate (MBR), an LSFG parameter that represents BF velocity, was obtained in 
the optic nerve head vessel area (ONH-MV), ONH tissue area (ONH-MT), and peripapillary choroid, in addition 
to common ophthalmologic parameters.
Results: At the initial visit, all affected eyes had no light perception in best-corrected visual acuity (BCVA) testing, 
and three cases had a severe increase in circumpapillary retinal nerve fiber layer thickness (cpRNFLT; 191.00 ±
42.03 μm). Pre-treatment, all affected eyes showed decreases in ONH-MV, ONH-MT, and choroidal MBR; this 
improved after steroid treatment by 80.3 ± 107.6 %, 39.1 ± 79.7 %, and 289.4 ± 303.4 %, respectively. Pre- 
treatment, all fellow eyes showed no impairment in BCVA or changes in the cpRNFLT. Post-treatment, two 
fellow eyes showed an increase in ONH-MV and ONH-MT parameters (72.8 ± 32.6 % and 82.2 ± 22.3 %, 
respectively), while all fellow eyes showed an increase in choroidal MBR (152.7 ± 126.1 %).
Conclusion: LSFG could be useful for monitoring ocular BF changes in eyes with AAION and asymptomatic fellow 
eyes before and after steroid treatment.

1. Claim of priority statement

After conducting a literature review on March 5, 2025, utilizing 
PubMed, Google Scholar, and other relevant databases, using the key
words: “arteritic anterior ischemic optic neuropathy,” “laser speckle 
flowgraphy,” and “steroid treatment,” we did not find any prior reports 
of this specific combination in the literature.

2. Introduction

Arteritic anterior ischemic optic neuropathy (AAION) is a leading 

cause of blindness.1,2 AAION is associated with giant cell arteritis (GCA), 
which leads to vasculitis and severe blood flow (BF) impairment.1

Additionally, AAION develops in the unaffected eye in about 50 % of 
cases within days to weeks, highlighting the need for accurate diagnosis 
and disease monitoring.3

Visual acuity (VA) and visual field testing are essential in diagnosing 
and following AAION patients, but they are subjective.1,2 Optical 
coherence tomography (OCT) is objective but does not capture ocular 
BF. OCT angiography can visualize the vasculature and has been re
ported to effectively diagnose AAION.4 However, due to AAION’s rarity, 
we are not aware of studies that have investigated hemodynamics in 
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AAION (i.e., BF reduction at onset and the response to steroid 
treatment).

Laser speckle flowgraphy (LSFG) is a non-invasive, reproducible 
method for measuring ocular BF; images are captured in just 4 s without 
any dye.5 We reported that LSFG is useful not only for measuring optic 
nerve head (ONH) BF and peripapillary choroidal BF (ppCBF) to di
agnose optic neuropathies6 but also for monitoring ocular BF during 
glaucoma follow-up.7,8

This case series presents ocular BF data from four AAION patients 
examined with LSFG before and after steroid treatment.

3. Subjects and methods

This retrospective, observational case series was observed at Tohoku 
University Hospital in Sendai, Japan, and the study was approved by the 
institutional review board of Tohoku University Graduate School of 
Medicine. All procedures were approved by the ethics committee of 
Tohoku University Graduate School of Medicine and followed the 
Declaration of Helsinki and its later amendments or comparable ethical 
standards. This case series is reported in line with the PROCESS 
guideline.9

This case series comprised four Japanese patients treated for AAION 
who underwent LSFG examinations before and after steroid treatment 
from March 2013 to April 2024. AAION was diagnosed by a neuro- 
ophthalmology expert (N.H.) and was defined as anterior ischemic 
optic neuropathy with GCA; GCA was diagnosed based on the 2022 
ACR/EULAR classification criteria for GCA, which require a score of ≥6 
points. The criteria include an absolute requirement of age ≥50 years at 
the time of diagnosis. Additional clinical criteria include morning stiff
ness in the shoulders/neck (+2), sudden visual loss (+3), jaw or tongue 
claudication (+2), new temporal headache (+2), scalp tenderness (+2), 
and abnormal findings in the temporal artery (+2). Laboratory, imaging, 
and biopsy criteria comprise the following: a maximum erythrocyte 
sedimentation rate (ESR) of ≥50 mm/h or a maximum C-reactive pro
tein (CRP) level of ≥1.0 mg/dL (+3), positive findings from a temporal 
artery biopsy (TAB), or the presence of a halo sign in temporal artery 
ultrasounds (+5) (the criteria for TAB findings include definitive 
vasculitis characterized by mononuclear leukocyte infiltration and 
fragmentation of the internal elastic lamina), bilateral axillary 
involvement (+2), and FDG-PET activity throughout the aorta (+2).10

Decimal best-corrected VA (BCVA) was converted to logarithmic 
minimum angle of resolution (logMAR) for analysis. Intraocular pres
sure was measured with non-contact tonometry (Tonoref III; Nidek Co., 
Ltd, Gamagori, Japan). Circumpapillary retinal nerve fiber layer thick
ness (cpRNFLT) was determined with the 3D OCT-2000 and its 
embedded software (ver. 8.11, Topcon Corporation, Tokyo, Japan). 
ONH and choroidal BF were assessed with the LSFG-NAVI device 
(Softcare Co., Ltd., Fukutsu, Japan), which measures mean blur rate 
(MBR) in arbitrary units (AU). MBR represents relative BF velocity, 
which is calculated automatically by the LSFG software (LSFG Analyzer, 
version 3.1.59.0) based on the contrast of the speckle pattern generated 
by laser light scattered by moving red blood cells.11 First, an ellipsoid 
band was manually drawn around the ONH to define the region of in
terest (ROI) in composite MBR color maps. The LSFG software then 
automatically divided the large-vessel and tissue (i.e., capillary) areas of 
the ONH and determined vessel-area MBR (MV) and tissue-area MBR 
(MT) separately in a cross-sectional analysis. ONH-MT has been reported 
to be a good indicator of BF in the deep capillaries of the ONH.12 A 
same-sized ROI was then set on the temporal side of the ONH in the same 
image to mark the peripapillary choroid region, as we described previ
ously.13 Before the LSFG measurements, the patients pupils were dilated 
with 0.4 % tropicamide, a muscarinic antagonist (Mydrin M; Santen 
Pharmaceutical Co., Ltd.). After instillation, the patients sat in a dark, 
quiet room for 15 minutes to stabilize pupil dilation, blood pressure 
(BP), and pulse rate (PR). Then, BP and PR were measured (HBP-1300; 
Omron Colin Co., Ltd. Tokyo, Japan) to evaluate the effects of systemic 

hemodynamics, and the LSFG examination was performed.
For the statistical analysis, means ± standard deviation and per

centages were used in descriptive statistics for clinical features and 
ophthalmological findings. The lower limits of MBR were calculated as 
follows: 

Lowerlimitof thenormalrangeof MBR=MeanvalueofMBRinthecontrol

− 1.96×SDofMBRinthecontrol 

The significance level for comparisons between AAION-affected eyes 
and controls was P < 0.05. All statistical analyses were performed with R 
(version 4.3.0; https://www.R-project.org/).

4. Results

The pre-treatment clinical backgrounds of the AAION patients are 
shown in Table S1. Ophthalmologic findings of AAION patients pre- and 
post-steroid treeatment are shown in Table S2. The average age was 81.8 
± 7.8 years, with 3 males and 1 female. Their medical histories included 
hypertension (HT) in 3 patients and diabetes mellitus (DM) in 1 patient. 
ESR was higher than calculated normal values based on age and sex 
(43.38 ± 4.88 vs. 80.25 ± 29.44 mm/h).14 Compared to reference 
values for the elderly, the CRP level was higher (0.54 ± 1.04 vs. 3.26 ±
2.21 mg/dl).15 Pre-treatment, all affected eyes showed no light 
perception (NLP). Case 1, case 2, and case 3 showed increased 
cpRNFLT (191.00 ± 42.03 μm). No fellow eyes showed any obvious VA 
loss (0.12 ± 0.13 logMAR) or increase in cpRNFLT (107.50 ± 19.02 
μm). The LSFG color map of the affected eyes showed many cold-colored 
areas (Figs. 1–4), suggesting a decrease in ocular BF. We quantified this 
through comparison with LSFG data from eight randomly selected age- 
and sex-matched individuals from our medical records. All affected eyes 
showed a decrease in ONH-MV (34.65 ± 4.63 vs. 17.58 ± 10.86 AU, P <
0.001), ONH-MT (10.28 ± 2.17 vs. 5.47 ± 3.42 AU, P = 0.002), and 
choroidal MBR (7.42 ± 1.50 vs. 2.63 ± 1.80 AU, P = 0.001) 
(Supplementary Fig. S1). In the three cases of fluorescein angiography 
(FA) performed at our institution, watershed zones were observed in the 
early phase in all three cases, and delayed BF filling in the central retinal 
artery (CRA) was observed in two cases (Supplementary Fig. S2).

Post-treatment, the affected eyes in case 2 and case 3 showed 
slightly improved visual function (from NLP to counting fingers and 
light perception, respectively). All affected eyes demonstrated a 
decrease in cpRNFLT (from 166.56 ± 60.48 to 86.0 ± 29.7 μm). Case 2, 
case 3, and case 4 showed improved ONH-MV and ONH-MT, and all 
cases showed improved choroidal MBR (Fig. 5; upper panel). The 
average increase in all affected eyes was 80.3 ± 107.6 % for ONH-MV, 
39.1 ± 79.7 % for ONH-MT, and 289.4 ± 303.4 % for choroidal MBR.

The lower limit of normal values calculated from the control group 
was 25.6 AU for ONH-MV, 6.0 AU for ONH-MT, and 4.5 AU for choroidal 
MBR. Fig. 5, lower panel, illustrates the changes in MBR in the fellow 
eyes in response to steroid treatment. In case 2, ONH-MV increased from 
14.2 AU to 29.2 AU, ONH-MT increased from 3.7 AU to 7.6 AU, and 
choroidal MBR increased from 1.6 AU to 5.6 AU, all exceeding the 
respective lower limits for normal values, indicating normalization. In 
case 3, ONH-MV increased from 25.5 AU to 35.8 AU, ONH-MT increased 
from 5.7 AU to 9.0 AU, and choroidal MBR increased from 1.3 AU to 5.1 
AU, all exceeding the respective lower limits for normal values, indi
cating normalization. In case 1 and case 4, ONH-MV and ONH-MT did 
not show significant increases and remained stable within the normal 
range. Choroidal MBR also remained within the normal range both pre- 
and post-treatment but demonstrated further improvement following 
treatment. The average increase in all fellow eyes was 33.8 ± 49.1 % for 
ONH-MV, 39.6 ± 53.2 % for ONH-MT, and 152.7 ± 126.1 % for 
choroidal MBR.
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5. Case presentation

5.1. Case 1

A 79-year-old woman with HT and polymyalgia rheumatica (PMR) 
suddenly complained of blurred vision in her left eye ten days before 
admission. The patient was taking 10 mg of systemic steroids for the 
treatment of PMR. The ESR was 78.0 mm/h, and CRP was 3.2 mg/dl. 
The patient was negative for headache, and there were no positive 
findings from a TAB. The patient scored 6 points based on the ACR/ 
EULAR classification criteria for GCA. Considering the presence of PMR, 
which is known to be associated with GCA,16 and subsequent steroid 
responsiveness, this case was definitively diagnosed as AAION and 
qualified to be included in this study. The patient was treated with 

intravenous methylprednisolone (1000 mg/day) for three days, fol
lowed by prednisone (30 mg daily, tapered monthly).

In the affected eye (the left eye), pre-treatment BCVA was NLP, and a 
relative afferent pupillary defect (RAPD) was observed. ONH swelling 
with papillary hemorrhage was observed in a fundus photograph 
(Fig. 1A), and cpRNFLT was 241.0 μm (Fig. 1B). ONH-MV was 30.7 AU, 
ONH-MT was 8.6 AU, and choroidal MBR was 4.2 AU (Fig. 1C). In FA, a 
watershed zone was observed in the superior, nasal, inferior, and parts 
of the peripapillary regions of the ONH (Supplementary Fig. S2B). After 
one month of treatment, BCVA remained NLP, and the RAPD was un
changed. A pale ONH was observed in a fundus photograph (Fig. 1D), 
and cpRNFLT decreased to 96.0 μm (Fig. 1E). ONH-MV and ONH-MT 
decreased, and choroidal MBR increased (Figs. 1F and 5).

In the fellow eye (the right eye), pre-treatment BCVA was 20/30. The 

Fig. 1. Case 1. (A)–(C) show the pre-treatment affected eye (the left eye), (D) to (F) show the post-treatment affected eye (the left eye), (G) to (I) show the pre- 
treatment fellow eye (the right eye), and (J) to (L) show the post-treatment fellow eye (the right eye). 
(A) Optic nerve head (ONH) swelling (white arrow), papillary hemorrhage (red arrowhead), and retinal artery narrowing (white arrowhead) are evident in this 
fundus photograph. 
(B) Circumpapillary retinal nerve fiber layer thickness (cpRNFLT) is 241.0 μm in this optical coherence tomography (OCT) image. 
(C) Laser speckle flowgraphy (LSFG) measurements of ONH vessel-area mean blur rate (MBR; ONH-MV) (30.7 AU), ONH tissue-area MBR (ONH-MT) (8.6 AU), and 
choroidal MBR (4.2 AU). 
(D) A pale ONH (white arrow) and retinal artery narrowing (white arrowhead) can be observed in this fundus photograph. 
(E) CpRNFLT has decreased to 96.0 μm. 
(F) LSFG measurements for ONH-MV (26.6 AU), ONH-MT (4.9 AU), and choroidal MBR (6.1 AU). 
(G) The retinal arteries are narrow (white arrowhead) in this fundus photograph. 
(H) CpRNFLT is 121.0 μm. 
(I) ONH-MV is 45.1 AU, ONH-MT is 12.0 AU, and choroidal MBR is 6.3 AU. 
(J) Findings from fundus photography, including narrow retinal arteries (white arrowhead), remain unchanged. 
(K) CpRNFLT is 121.0 μm. 
(L) ONH-MV is 44.2 AU, ONH-MT is 11.9 AU, and choroidal MBR is 7.6 AU.
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retinal arteries were narrow in a fundus photograph (Fig. 1G), and 
cpRNFLT was 121.0 μm (Fig. 1H). ONH-MV was 45.1 AU, ONH-MT was 
12.0 AU, and choroidal MBR was 6.3 AU (Fig. 1I). FA revealed no sig
nificant findings (Supplementary Fig. S2A). After the treatment, BCVA 
was 20/16. The findings from fundus photography remained unchanged 
(Fig. 1J), and cpRNFLT was unchanged at 121.0 μm (Fig. 1K). The 
changes in ONH-MV and ONH-MT were not significant, whereas 
choroidal MBR increased (Figs. 1L and 5).

5.2. Case 2

A 73-year-old male with no medical history suddenly complained of 
blurred vision in his right eye ten days before admission. ESR was 120.0 
mm/h, and CRP was 1.9 mg/dl. There were positive results from a TAB, 
and the patient scored 11 points based on the ACR/EULAR classification 

criteria for GCA, leading to a diagnosis of GCA. The patient was treated 
with intravenous methylprednisolone (1000 mg/day) for three days, 
followed by prednisone (50 mg daily, tapered monthly).

In the affected eye (the right eye), pre-treatment BCVA was NLP, and 
a RAPD was observed. ONH swelling and soft exudates were observed in 
a fundus photograph (Fig. 2A), and cpRNFLT was 159.0 μm (Fig. 2B). 
ONH-MV, ONH-MT, and choroidal MBR were low at 4.4 AU, 1.5 AU, and 
1.6 AU, respectively (Fig. 2C). In FA, delayed BF filling in the CRA and a 
watershed zone extending from the temporal to the inferior regions of 
the ONH were observed (Supplementary Fig. S2C). After two months of 
treatment, BCVA remained NLP, and the RAPD was unchanged. A pale 
ONH was observed in the fundus photograph (Fig. 2D), and cpRNFLT 
decreased to 69.0 μm (Fig. 2E). ONH-MV, ONH-MT, and choroidal MBR 
increased (Figs. 2F and 5).

In the fellow eye (the left eye), pre-treatment BCVA was 20/22. In a 

Fig. 2. Case 2. (A)–(C) show the pre-treatment affected eye (the right eye), (D) to (F) show the post-treatment affected eye (the right eye), (G) to (I) show the pre- 
treatment fellow eye (the left eye), and (J) to (L) show the post-treatment fellow eye (the left eye). 
(A) ONH swelling (white arrow), soft exudates (red arrowhead), and retinal artery narrowing (white arrowhead) are evident in this fundus photograph. 
(B) CpRNFLT is 159.0 μm. 
(C) ONH-MV is 4.4 AU, ONH-MT is 1.5 AU, and choroidal MBR is 1.6 AU. 
(D) A pale ONH (white arrowhead) and retinal artery narrowing (white arrowhead) can be observed in this fundus photograph. 
(E) CpRNFLT has decreased to 69.0 μm. 
(F) ONH-MV is 15.9 AU, ONH-MT is 3.7 AU, and choroidal MBR is 6.4 AU. 
(G) In this fundus photograph, retinal artery narrowing (white arrowhead), soft exudates (red arrowhead), and retinal nerve fiber defects are evident in the superior 
region (yellow arrowhead). 
(H) CpRNFLT is 83.0 μm. 
(I) ONH-MV is 14.2 AU, ONH-MT is 3.7 AU, and choroidal MBR is 1.6 AU. 
(J) Findings from fundus photography: narrow retinal arteries (white arrowhead) remain unchanged; however, soft exudates have improved. 
(K) CpRNFLT is 82.0 μm. 
(L) ONH-MV is 29.2 AU, ONH-MT is 7.6 AU, and choroidal MBR is 5.6 AU.
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fundus photograph, the retinal artery was narrowed. Retinal nerve fiber 
defects were evident in the superior region (Fig. 2G), and cpRNFLT was 
83.0 μm (Fig. 2H). ONH-MV, ONH-MT, and choroidal MBR were low, at 
14.2 AU, 3.7 AU, and 1.6 AU, respectively (Fig. 2I). FA revealed no 
significant findings (Supplementary Fig. S2D). After the treatment, 
BCVA was 20/16. The findings from fundus photography remained 
unchanged (Fig. 2J), and cpRNFLT was 82.0 μm (Fig. 2K). ONH-MV, 
ONH-MT, and choroidal MBR increased (Figs. 2L and 5).

5.3. Case 3

An 83-year-old male with HT and DM suddenly complained of 
blurred vision in his right eye four days before admission. He had a new 
onset of localized headache and temporal artery tenderness. ESR was 
49.0 mm/h, and CRP was 6.4 mg/dl. The patient did not consent to a 
TAB but scored 8 points based on the ACR/EULAR classification criteria 

for GCA, leading to a diagnosis of GCA. The patient was treated with 
intravenous methylprednisolone (1000 mg/day) for three days, fol
lowed by prednisone (30 mg daily, tapered monthly).

In the affected eye (the right eye), pre-treatment BCVA was NLP, and 
a RAPD was observed. ONH swelling was observed in the fundus 
photograph (Fig. 3A), and cpRNFLT was 173.0 μm (Fig. 3B). ONH-MV, 
ONH-MT, and choroidal MBR were low at 15.6 AU, 3.8 AU, and 0.6 AU, 
respectively (Fig. 3C). FA was not performed at our institution. After 
four months of treatment, BCVA remained NLP, and the RAPD was 
unchanged. Mild ONH swelling was observed in fundus photography 
(Fig. 3D), and cpRNFLT decreased to 129.0 μm (Fig. 3E). ONH-MV, 
ONH-MT, and choroidal MBR increased (Figs. 3F and 5).

In the fellow eye (the left eye), pre-treatment BCVA was 20/22. In 
the fundus photograph, there was a narrowing of the retinal arteries and 
soft exudates (Fig. 3G), and cpRNFLT was 124.0 μm (Fig. 3H). ONH-MV, 
ONH-MT, and choroidal MBR were low, at 25.5 AU, 5.7 AU, and 1.3 AU, 

Fig. 3. Case 3. (A)–(C) show the pre-treatment affected eye (the right eye), (D) to (F) show the post-treatment affected eye (the right eye), (G) to (I) show the pre- 
treatment fellow eye (the left eye), and (J) to (L) show the post-treatment fellow eye (the left eye). 
(A) ONH swelling (white arrow), soft exudates (red arrowhead), and retinal artery narrowing (white arrowhead) are evident in this fundus photograph. 
(B) CpRNFLT is 173.0 μm. 
(C) ONH-MV is 15.6 AU, ONH-MT is 3.8 AU, and choroidal MBR is 0.6 AU. 
(D) Mild ONH swelling (white arrow) and retinal artery narrowing (white arrowhead) are evident in this fundus photograph; however, soft exudates have improved. 
(E) CpRNFLT has decreased to 129.0 μm. 
(F) ONH-MV is 20.4 AU, ONH-MT is 4.8 AU, and choroidal MBR is 5.1 AU. 
(G) This fundus photograph shows retinal artery narrowing (white arrowhead) and soft exudates (red arrowhead). 
(H) CpRNFLT is 124.0 μm. 
(I) ONH-MV is 25.5 AU, ONH-MT is 5.7 AU, and choroidal MBR is 1.3 AU. 
(J) This fundus photograph shows retinal artery narrowing (white arrowhead) and improvement in the soft exudates (red arrowhead). 
(K) CpRNFLT is 94.0 μm. 
(L) ONH-MV is 35.8 AU, ONH-MT is 9.0 AU, and choroidal MBR is 5.1 AU.
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respectively (Fig. 3I). After the treatment, BCVA improved to 20/16. 
Findings from fundus photography showed improvement in the soft 
exudates (Fig. 3J), and cpRNFLT decreased to 94.0 μm (Fig. 3K). ONH- 
MV, ONH-MT, and choroidal MBR increased (Figs. 3L and 5).

5.4. Case 4

A 92-year-old man with HT and PMR suddenly complained of blur
red vision in his right eye eight days before admission. The patient was 
taking 15 mg of systemic steroids for the treatment of PMR. ESR was 
74.0 mm/h, and CRP was 1.5 mg/dl. There were positive results from a 
TAB, and the patient scored 11 points based on the ACR/EULAR clas
sification criteria for GCA, leading to a diagnosis of GCA. The patient 
was treated with intravenous methylprednisolone (1000 mg/day) for 
three days, followed by prednisone (30 mg daily, tapered monthly).

In the affected eye (the right eye), pre-treatment BCVA was NLP, and 

a RAPD was observed. A reddish ONH was observed in fundus photog
raphy (Fig. 4A), and cpRNFLT was 104.0 μm (Fig. 4B). ONH-MV, ONH- 
MT, and choroidal MBR were low, at 19.7 AU, 8.0 AU, and 4.1 AU, 
respectively (Fig. 4C). In FA, delayed BF filling in the CRA was observed, 
with a watershed zone extending from the nasal to the inferior regions of 
the ONH. Additionally, window defects were identified in a chorior
etinal atrophy area surrounding the ONH (Supplementary Fig. S2E). 
After two months of treatment, BCVA remained NLP, and the RAPD was 
unchanged. A pale ONH was observed in fundus photography (Fig. 4D), 
and cpRNFLT decreased to 50.0 μm (Fig. 4E). ONH-MV, ONH-MT, and 
choroidal MBR increased (Figs. 4F and 5).

In the fellow eye (the left eye), pre-treatment BCVA was 20/33. The 
fundus photograph was normal (Fig. 4G), and cpRNFLT was 102.0 μm 
(Fig. 4H). ONH-MV was 38.4 AU, ONH-MT was 14.4 AU, and choroidal 
MBR was 8.2 AU (Fig. 4I). FA revealed no significant findings 
(Supplementary Fig. S2F). After the treatment, BCVA improved to 20/ 

Fig. 4. Case 4. (A)–(C) show the pre-treatment affected eye (the right eye), (D) to (F) show the post-treatment affected eye (the right eye), (G) to (I) show the pre- 
treatment fellow eye (the left eye), and (J) to (L) show the post-treatment fellow eye (the left eye). 
(A) A reddish ONH (white arrow) and retinal artery narrowing (white arrowhead) are evident in this fundus photograph. 
(B) CpRNFLT is 104.0 μm. 
(C) ONH-MV is 19.7 AU, ONH-MT is 8.0 AU, and choroidal MBR is 4.1 AU. 
(D) A pale ONH (white arrow) and retinal artery narrowing (white arrowhead) are evident in this fundus photograph. 
(E) CpRNFLT has decreased to 50.0 μm. 
(F) ONH-MV is 27.6 AU, ONH-MT is 9.4 AU, and choroidal MBR is 6.7 AU. 
(G) There is narrowing of the retinal arteries (white arrowhead) in this fundus photograph. 
(H) CpRNFLT is 102.0 μm. 
(I) ONH-MV is 38.4 AU, ONH-MT is 14.4 AU, and choroidal MBR is 8.2 AU. 
(J) Findings from fundus photography, including narrow retinal arteries (white arrowhead), remain unchanged. 
(K) CpRNFLT is 94.0 μm. 
(L) ONH-MV is 35.2 AU, ONH-MT is 13.6 AU, and choroidal MBR is 12.3 AU.
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30. Findings from fundus photography remained normal (Fig. 4J), and 
cpRNFLT was 94.0 μm (Fig. 4K). ONH-MV and ONH-MT showed no 
statistically significant changes, while choroidal MBR increased 
(Figs. 4L and 5).

6. Discussion

In this study, we evaluated BF before and after systemic steroid 
treatment to understand the dynamics of BF in AAION patients. Pre- 
treatment, all affected eyes showed severe BF impairment in the ONH 
large vessels, ONH tissue, and peripapillary choroid. Post-treatment, 
three affected eyes showed an improvement in the ONH large vessels 
and tissue BF, and all affected eyes showed an improvement in the 
ppCBF. Post-treatment, two fellow eyes showed increased ONH large- 
vessel and tissue BF. Additionally, all fellow eyes showed increased 
ppCBF.

In this study, all AAION-affected eyes showed a significant decrease 
in ONH large-vessel and ONH tissue BF, and ppCBF compared to age- 
and sex-matched controls. MBR in the large-vessel area reflects BF from 
the CRAs.17 In contrast, MBR in the tissue and choroidal areas reflects BF 
from the short posterior ciliary arteries (SPCAs).17 In this study, the 
delayed BF filling of the CRA in FA was also consistent with decreased 
ONH-MV, and the watershed zone, associated with impairment of the 
SPCAs, was consistent with decreased ONH-MT and choroidal MBR, 
which supports the findings of previous studies. The etiology of GCA 
involves vasculitis, which causes thickening of the vessel walls in the 
CRAs, SPCAs, and upstream vessels, thereby increasing vascular resis
tance.18 Thus, it is reasonable that MBR decreased in all three areas in 
this study.

Three AAION-affected eyes showed an improvement in ONH large- 
vessel and tissue BF, and all affected eyes showed an improvement in 
ppCBF. Our results indicated that ocular BF increased through the 
treatment’s anti-inflammatory effects on vasculitis. While steroids 

themselves have a BF-improving effect,19,20 considering the significant 
decrease in BF at the onset, the increase in ocular BF observed in this 
study can mainly be attributed to the therapeutic effect of the treatment 
on vasculitis.

This study showed reduced ONH large-vessel BF, ONH tissue BF, and 
ppCBF in two fellow eyes. The reduction in ocular BF in fellow eyes is 
consistent with the reduction in vessel density within the ONH reported 
by Pierro L et al.21 These reductions in BF suggest that the CRAs and 
SPCAs are also impaired in the fellow eyes of patients with AAION when 
it occurs, even when FA does not reveal BF impairment. Therefore, 
understanding the severity of BF impairment in the fellow eye using 
LSFG can provide insights into the extent of vasculitis and potentially 
help assess the risk of fellow-eye involvement.

In this study, two fellow eyes with impaired BF showed increased BF 
in the ONH large-vessel and tissue areas, and all fellow eyes exhibited 
increased ppCBF. Importantly, the two cases in which BF impairment 
was observed before treatment showed normalization of BF parameters 
after treatment. Our results suggest that this may be related to the 
improvement of vasculitis in the CRAs and SPCAs due to steroids. 
Therefore, even if fellow eyes are asymptomatic, LSFG may be useful for 
monitoring the improvement of vasculitis due to steroids.

In conclusion, LSFG can noninvasively and efficiently evaluate the 
hemodynamics of AAION-affected and fellow eyes at onset and before 
and after steroid treatment. The objective measurement of LSFG pa
rameters may play a supplementary role in diagnosing AAION, deter
mining treatment efficacy, and assessing the severity of fellow-eye 
involvement.
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