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Purpose: This study aims to investigate microvascular changes in the macular
and peripheral regions, as well as alterations in the foveal avascular zone (FAZ) of
the ipsilateral eye using widefield swept-source optical coherence tomography
angiography (SS-OCTA) in patients with severe carotid artery stenosis (SCAS)
after carotid artery revascularization (CAR).

Design: This study employed a prospective study design.

Methods: SCAS patients were examined using widefield SS-OCTA, which
covered an area of 16 X 16 mm centered on the fovea. These examinations were
conducted both before and after CAR to assess changes in retinal and choroidal
blood flow in the macular and peripheral regions, as well as alterations in the
characteristics of the FAZ.

Results: A total of 56 patients and their corresponding 56 ipsilateral eyes were
included in this study. In the macular area, a significant increase in the vessel
density of the retinal superficial vascular complex (VDRSVC) was found, while a
significant decrease was noted in the vessel density of the retinal deep vascular
complex (VDRDVC) after CAR. Additionally, both the area and circumference of
the FAZ decreased significantly after CAR. In the peripheral regions, significant
increases were detected in both VDRSVC and the three-dimensional choroidal
vascularity index (3D-CVI) post-CAR.

Conclusion: The findings of this study demonstrated that CAR can improve
perfusion in both the macular and peripheral fundus and lead to a decreased
area and circumference of the FAZ in the ipsilateral eye. The observed decrease
in the VDRDVC after CAR may be attributed to microvascular embolization and
ischemia within the deep capillary plexus (DCP).
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carotid artery revascularization, SSOCTA, retinal microvasculature, foveal avascular
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Introduction

Carotid artery stenosis usually occurs at the bifurcation of the
common carotid artery, involving the origin of the internal carotid
artery (ICA) and the carotid bulb, which is one of the major causes
of acute ischemic stroke (1, 2). The ophthalmic artery, which
supplies the eye, is the first branch of the ICA. Thus, ICA stenosis
can lead to decreased ocular blood flow. Severe stenosis of the
carotid artery has been estimated to decrease perfusion pressure in
the central retinal artery by approximately 50% (3). This chronic
and progressive hypoperfusion of the eye may lead to global ocular
ischemia and the development of ocular ischemic syndrome (OIS),
potentially resulting in ocular pain, vision loss, and secondary
glaucoma (3, 4). Previous studies have shown decreased macular
microvascular perfusion in patients with severe carotid artery
(SCAS), which
revascularization (CAR) (5-11). It is common knowledge that the

stenosis improved after carotid artery
central macular (CM) is prioritized for perfusion to maintain visual
function and is thus preserved under hypoperfusion conditions.
Retinal hemorrhage, occurring in 80% of eyes affected by OIS, is the
most frequent manifestation, with hemorrhage predominantly
located in the mid-peripheral region outside the major vascular
arcades instead of the macular region (4). To date, no studies have
demonstrated changes in peripheral blood flow after CAR. Optical
coherence tomography angiography (OCTA) is a non-invasive,
time-efficient imaging modality that could provide detailed
visualization of the perfusion of vascular networks in the ocular
fundus. With advancements in widefield OCTA equipment,
exploring the peripheral fundus microvasculature change has
become possible. Additionally, the foveal avascular zone (FAZ), a
specialized region in the CM area devoid of retinal vessels, has been
studied in the context of ischemic retinal diseases such as diabetic
retinopathy and retinal vein occlusion (12-14). However, changes
in the FAZ after CAR have been less explored. This study aims to
explore microvasculature changes in both the macular and
peripheral regions and any alterations in the FAZ in the ipsilateral

eye using widefield OCTA in SCAS patients undergoing CAR.

Methods
Study design and participants

This prospective, single-center, observational cohort study
was conducted by the Department of Ophthalmology and
Department of Neurology at West China Hospital, Sichuan
University, Sichuan, China. The study was designed and
performed following the ethical tenets outlined in the 1964
Declaration of Helsinki. It received approval from the Institute
Ethics Committee of West China Hospital with verifiable consent
(Approval Number 20231171). Consecutive patients were
recruited from the hospitalized patients at the West China
Hospital. All patients provided written informed consent before
participating in this study. All recruited patients underwent a
comprehensive clinical examination, which included assessments
of best-corrected visual acuity (BCVA), slit lamp biomicroscopy,
intraocular pressure (IOP), axial length, color fundus photography
(CEP), and OCTA.
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Inclusion criteria

(1) Diagnosis of hemodynamically significant stenosis. The grade
of carotid stenosis was evaluated using digital subtraction angiography
(DSA) in accordance with the North America Symptomatic Carotid
Endarterectomy Trial (NASCET) criteria. Significant stenosis is
defined as having a stenosis >70% and (2) aged between 30 and
90 years.

Exclusion criteria

(1) Presence of other ocular diseases such as glaucoma, diabetic
retinopathy, or inflammatory retinopathy; (2) prior receipt of any
fundus treatment, such as retinal laser, intravitreal injection, or
vitrectomy; (3) axial length >26 mm or a mean spherical equivalent
<—6 diopters; (4) severe postoperative complications, including
central or branch retinal artery occlusion; (5) neurodegenerative or
demyelinating diseases, such as Alzheimer’s disease, Parkinson’s
disease, or multiple sclerosis; (6) increased IOP (>21 mmHg); (7)
BCVA <0.2 (logMAR); and (8) poor quality of OCTA images (image
quality <6) (15-18).

Imaging protocols

Preoperatively, all participants underwent detailed ocular
examination, including BCVA, IOP (TX-20, Canon, Tokyo), axial
length (IOL Master Advanced Technology, Carl Zeiss, Meditec,
Dublin, CA), slit lamp examination, CFP (CLARUS 500™ or Daytona,
Optos), OCT, and OCTA (BM-400K BMizar, TowardPi Medical
Technology, Beijing, China). Postoperatively (within 1 week), all
participants will repeat the examination of IOP, slit lamp examination,
CFP, OCT, and OCTA at the same time point of the day to avoid
diurnal variations. Each type of examination should be conducted by
the same appointed operator. All scans were adjusted based on axial
length to prevent its influence on the results.

OCTA scans were obtained using a 400 kHz SS-OCTA instrument
(BM-400K BMizar, TowardPi). It uses a swept-source VCSEL laser
with a wavelength of 1,060 nm and a scanning rate of 400,000 A-scans
per second, providing a transverse resolution of 10 pm and an
in-depth resolution (optical) of 3.8 pm. This instrument has an A-scan
depth of 6.0 mm in tissues (2,560 pixels). Two sequential B-scans were
performed at each fixed position before proceeding to the next
transverse location on the retina. The built-in software provides
default segmentation layers, which include en face views of the
superficial and deep inner retina plexus, outer retina plexus, and
choriocapillaris, with artifacts minimized using volumetric projection
artifact removal approaches. All of these segmentations were manually
inspected and corrected as needed by two ophthalmologists (LZ and
JWL) before any calculation. To capture a broader range of blood flow
changes, a 16 x 16 mm volume was scanned. As shown in Figure 1,
the 16 x 16 mm OCTA scans were divided into nine squares for
analysis. According to the adjacent relationship with the macular
region, they were defined as macular (M), superior temporal (ST),
superior (S), superior nasal (SN), temporal (T), inferior (I), optic disc
(OD), inferior temporal (IT), and inferior nasal (IN) regions. To
analyze macular blood flow change, the macular region was further
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FIGURE 1

A widefield SS-OCTA scan within a range of 16 X 16 mm. (Left) The OCTA blood flow image was averagely divided into nine parts, and according to the
adjacent relationship with the macular region, they were defined as superior temporal (1), superior (S), superior nasal (SN), temporal (T), macular (M),
optic disc (OP), inferior temporal (IT), inferior, and inferior nasal (IN) regions. (Right) To analyze macular blood flow change, the macular region (CM
with a bandwidth of 1 mm and two surrounding rings with a bandwidth of 3 mm) was divided into nine parts, including CM, superior of inner/outer ring
(SIR/SOR), inferior of inner/outer ring (IIR/IOR), nasal of inner/outer ring (NIR/NOR), and temporal of inner/outer ring (TIR/TOR).

divided into nine subfields as the EDTRS grid (CM with a bandwidth
of 1 mm and two surrounding rings with a bandwidth of 3 mm),
including the CM, superior of inner/outer ring (SIR/SOR), inferior of
inner/outer ring (IIR/IOR), nasal of inner/outer ring (NIR/NOR), and
temporal of inner/outer ring (TIR/TOR).

To obtain FAZ characteristics, the images of the retinal blood flow
layer were exported to an image processing and analysis software
package (ImageJ; National Institutes of Health, version 1.46r). Each
file was converted to an 8-bit image, and the scale was set to 320 pixels,
representing 4.5 mm. The FAZ was manually outlined by two
independent masked graders (TL and LZ), and the software
automatically calculated the FAZ area and circumference.

Measurement parameters

Retinal parameters
VDRSVC:  Vessel

vascular complex.
VDRDVC: Vessel density of the retinal deep vascular complex.

density of the retinal superficial

Choroidal parameters
VDCML: Vessel density of choroidal middle and large vessels.
3D-CVI: Three-dimensional choroidal vascularity index. This is
defined as the ratio of the choroidal vessel volume to the total
choroidal volume measured with a three-dimensional algorithm,
which reflects the volumetric choroidal vessel density.

FAZ parameters
FAZ area and FAZ circumference.

Frontiers in Medicine

Statistical analysis

All analyses were conducted using SPSS version 26 (SPSS,
Inc., Chicago, IL, United States) and Microsoft Excel (version 16,
Microsoft Corp, Redmond, WA, United States). The parametric
data were reported as mean + standard deviation, and the
non-parametric data were reported as medians and interquartile
ranges (IQR). Categorical variables were presented as numbers
and percentages. A paired sample ¢-test or Wilcoxon signed-rank
test was used to compare pre- and postoperative data based on
the distribution. The paired t-test was used for normally
distributed variables, and Wilcoxon tests were used for
non-normally distributed variables. The chi-squared test, or
Fisher’s exact test, was used for categorical variables. p-values of
<0.05 were considered statistically significant.

Results
Demographic characteristics

In total, 31 patients declined postoperative examination and were
excluded. A total of two patients with remote preoperative branch
retinal artery occlusion, one patient with a macular hole, two patients
with postoperative branch retinal artery occlusion, eight patients with
epiretinal membrane, two patients with glaucoma, and 10 patients
with poor-quality OCTA images were excluded. A total of 56 eyes
from 56 SCAS patients with complete preoperative and postoperative
data were included in this study between September 2023 and
January 2024. Among them, 47 patients (83.9%) received carotid
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artery stenting, and 9 (16.1%) received carotid endarterectomy. The
mean age was 65.34 + 9.65 years. The axial length was 23.68 + 0.82
and 23.70 + 0.85 for the ipsilateral and contralateral eyes, respectively
(Table 1).

Macular microvascular change

Table 2 shows a comparison of preoperative and postoperative
macular microvascular changes. The postoperative VDRSVC in the
TOR [41.00 (39.00, 43.75)] showed a significant increase compared
to the preoperative VDRSVC of the TOR [39.00 (36.25, 42.00),
P <0.001]. However, postoperative VDRDVC of the CM [29.00
(27.00, 34.75)], NIR [41.00 (39.00, 42.75)], and TIR [42.00 (39.25,
43.00)] have significantly decreased compared with preoperative
VDRDVC of the CM [32.00 (27.00, 36.75), p = 0.003], NIR [41.50
(39.25, 44.00), p = 0.007], and TIR [43.00 (40.00, 44.00), p = 0.007].
No significant difference in VDCML has been found. However,
postoperative 3D-CVT of TIR [38.00 (33.00, 41.75)], NIR [38.00
(33.00, 42.00)], TOR [34.00 (30.25, 36.00)], SOR [36.50 (34.00,
38.75)], NOR [33.00 (24.25, 40.75)] and IOR [35.00 (32.00, 38.75)]
have significantly increased compared with preoperative 3D-CVI of
TIR [36.00 (29.50, 38.00), p < 0.001], NIR [37.00 (31.25, 41.00),
p =0.007], TOR [34.00 (30.00, 35.75), p = 0.008], SOR [36.00 (33.00,
38.00), p = 0.025], NOR [33.00 (21.50, 39.00), p < 0.001] and IOR
[35.00 (31.00, 38.00), p = 0.014].

FAZ change

Figure 2 shows a representative case of FAZ change in a severe
CAS patient after CAR and the results of FAZ area and circumference
difference between the preoperative group and the postoperative
group. The FAZ area was significantly smaller in the postoperative
group (0.265+0.078 mm?) than in the preoperative group
(0.310 + 0.082 mm?, p = 0.0036). The FAZ circumference was also
significantly smaller in the postoperative group (2.003 + 0.323 mm)
than in the preoperative group (2.193 + 0.300 mm, p = 0.0016).

TABLE 1 Demographic characteristics.

‘ SCAS patients

Age 65.34 £ 9.65
Sex 51 M (91.1%), 5 F (8.9%)
AL

Ipsilateral eye 23.68 +0.82
Contralateral eye 23.70 + 0.85
DM 23 (40.4%)
HT 37 (64.9%)
HG 10 (17.5%)
CAC 17 (29.8%)
Smoking 24 (42.9%)
Drinking 24 (42.9%)

SCAS, severe carotid artery stenosis; M, male; F, female; AL, axil length; DM, diabetes
mellitus; HT, hypertension; HG, hyperlipidemia; CAC, coronary atherosclerotic cardiopathy.
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Peripheral fundus microvascular change

Table 3 shows the comparison of peripheral fundus microvascular
changes between the preoperative group and the postoperative group.
Postoperative VDRSVC of IT [39.50 (36.00, 42.00)] has significantly
increased compared with preoperative VDRSVC of IT [38.00 (34.00,
40.00), p =0.003]. Postoperative VDRDVC of IT [42.00 (39.25,
44.00)] has significantly increased compared with preoperative
VDRDVC of IT [41.00 (37.00, 43.00), p = 0.014]. The 3D-CVI of OD,
I, and IN increased after CAR (p < 0.05). No significant differences
in microvascular changes were found in other regions of the
peripheral fundus.

Discussion

This prospective study aims to investigate the macular and
peripheral fundus microvascular changes after CAR. While earlier
studies have explored the influence of CAR on macular microvascular
change, few have explored the FAZ change and microvascular changes
of the peripheral fundus.

According to the results, VDRSVC of TOR has greatly improved
after CAR, which was consistent with previous studies (5-10),
indicating improved macular retinal blood supply with the opening of
the occluded carotid artery.

Change of choroidal thickness has been reported with
different results in the literature (7, 19-25), probably due to its
variability, as it could be influenced by other factors such as age,
sex, axial length, and diurnal fluctuations in choroidal thickness
measurements (26). Some systemic conditions or drug therapies
can also impact the results of choroidal thickness measurements.
In contrast, 3D-CVI, which takes into account both the vascular
and interstitial components of the choroid within three-
dimensional maps, was a more robust and reliable biomarker with
less variability (27). However, reports have identified the impact
of image brightness on the measurement of CVI (28). In this
study, we found that the 3D-CVT of TIR, NIR, TOR, SOR, NOR,
and IOR had greatly improved after CAR, which may indicate
improved choroidal blood perfusion after CAR.

However, decreased VDRDVC in the macular regions of CM,
NIR, and IIR have been found in our results, which seems to
contradict previous findings. Karapapak et al. (29) reported
significantly improved vessel density of the deep capillary plexus
(DCP) in both ipsilateral and contralateral eyes after carotid
stenting. While Cao et al. (30) reported no changes in the deep
vascular complex (DVC) following carotid stenting, the retinal
DVC includes the intermediate capillary plexus (ICP) and the
DCP. A significant proportion of the retinal arterial flow primarily
passes through the superficial capillary plexus (SCP), while the
DVC receives comparatively lower blood inflow (31, 32).
Meanwhile, the middle retina may need more oxygen supply with
its more significant metabolic activity than the inner retina (33).
These have made the DVC excessively vulnerable to ischemia.
Ischemia of the DVC has been described as paracentral acute
middle maculopathy (PAMM), which manifests as a hyperreflective
lesion at the level of the inner nuclear layer (34). Joseph et al. (35)
have reported a case of PAMM following carotid stenting and
attributed this to small particles that may have obstructed the
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TABLE 2 Comparison of macular OCTA parameters before and after the revascularization surgery.

10.3389/fmed.2025.1530867

Preoperative Postoperative p-value
VDRSVC
cM 32.00 [28.00, 34.75] 31.00 [29.00, 34.00] 0.905
TIR 39.00 [37.00, 41.75) 39.00 [37.00, 41.00] 1.000
SIR 41.00 [38.25, 43.00] 40.50 [37.00, 43.75] 0.523
NIR 39.00 [36.00, 41.00] 38.50 [36.00, 42.00] 0.632
IR 40.00 [38.00, 42.75] 40.00 [37.00, 42.00] 0.899
TOR 39.00 [36.25, 42.00] 41.00 [39.00, 43.75] <0.001%
SOR 44.00 [41.00, 45.00] 43.00 [41.00, 45.00] 0.858
NOR 43.00 [41.00, 45.00] 43.50 [40.00, 45.00] 0.553
IOR 43.00 [40.25, 45.75] 43.50 [41.00, 46.00] 0.785
VDRDVC
cM 32.00 [27.00, 36.75] 29.00 [27.00, 34.75] 0.003*
TIR 42,00 [40.00, 44.00] 41.50 [39.25, 43.00] 0.774
SIR 43.00 [40.00, 44.00] 42.00 [40.00, 43.00] 0.348
NIR 41.50 [39.25, 44.00] 41.00 [39.00, 42.75] 0.007
IIR 43.00 [40.00, 44.00] 42.00 [39.25, 43.00] 0.007%
TOR 42,00 [39.25, 43.00] 41.50 [40.00, 43.00] 0.532
SOR 42,00 [40.25, 44.00] 42.00 [40.25, 44.00] 0553
NOR 42.50 [41.00, 44.00] 43.00 [42.00, 44.00] 0.487
IOR 42.00 [40.00, 44.00] 42.00 [40.00, 44.00] 0.900
VDCML
cM 50.00 [47.00, 53.75] 50.00 [47.25, 56.00] 0.483
TIR 49.50 [47.00, 55.00] 50.50 [47.00, 56.00] 0.863
SIR 50.00 [47.25, 56.75) 50.00 [47.25, 56.75] 0.507
NIR 49.50 [47.00, 56.00] 50.50 [47.00, 57.75] 0318
IR 50.50 [46.50, 55.00] 50.00 [47.25, 56.00] 0.923
TOR 50.00 [48.25, 56.00] 50.00 [48.25, 56.75] 0327
SOR 50.00 [49.00, 56.00] 51.00 [48.25, 57.00] 0.618
NOR 51.50 [48.00, 55.75] 52.00 [50.00, 56.75] 0301
IOR 51.00 [49.00, 57.00] 51.00 [49.00, 57.00] 0.494
3D-CVI
cM 37.50 [31.50, 40.75] 38.00 [33.00, 41.75] 0.179
TIR 36.00 [29.50, 38.00] 37.00 [32.25, 40.75] <0.001*
SIR 36.00 [31.00, 40.00] 37.00 [32.00, 40.75) 0.255
NIR 37.00 [31.25, 41.00] 38.00 [33.00, 42.00] 0.007%
IR 36.00 [30.25, 40.00] 37.00 [32.00, 40.00] 0.110
TOR 34.00 [30.00, 35.75) 34.00 [30.25, 36.00] 0.008*
SOR 36.00 [33.00, 38.00] 36.50 [34.00, 38.75] 0.025%
NOR 33.00 [21.50, 39.00] 33.00 [24.25, 40.75] <0.001*
IOR 35.00 [31.00, 38.00] 35.00 [32.00, 38.75] 0.014%

VDRSVC, vessel density of the retinal superficial vascular complex; VDRDVC, vessel density of the retinal deep vascular complex; VDCML, vessel density of choroidal middle and large
vessels; 3D-CVI, three-dimensional choroidal vascularity index; CM, central macular; TIR, temporal of inner ring; SIR, superior of inner ring; NIR, nasal of inner ring; IIR, inferior of inner
ring; TOR, temporal of outer ring; SOR, superior of outer ring; NOR, nasal of outer ring; IOR, inferior of outer ring; *p-values <0.05.

pre-capillary arteriolar. It has also been demonstrated that the risk
of periprocedural stroke or death was higher following stenting
when compared with endarterectomy, which could be attributed to
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an increase in minor, non-disabling strokes (36). As for the eye,
different studies reported that retinal embolization varies between
15 and 16.9% following carotid stenting and 1-4.9% following

frontiersin.org


https://doi.org/10.3389/fmed.2025.1530867
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Luo etal. 10.3389/fmed.2025.1530867
0.5— x 35 * %
B Preoperative f | == Preoperative
;‘E 0.4+ | =3 Postoperative T =3 Postoperative
E 24
£ 03 T £
S E
T 0.2 <
§ o 14
b 0.1+
0.0- I 0- T
Pre  Post Pre  Post
FIGURE 2

(A) A representative case of FAZ change in a severe CAS patient after CAR. The preoperative OCTA images are shown in the first row, and postoperative
OCTA images are shown in the second row. Widefield OCTA blood flow images (left), magnified view (middle), and manually outlined yellow-colored
FAZ boundary (right). (B) The FAZ area was manually outlined in the preoperative group (dark) and postoperative group (gray). (C) FAZ circumference
was manually outlined in the preoperative group (dark) and postoperative group (gray). **p < 0.01.

endarterectomy (37-40). Recently, our publication demonstrated a
phenomenon of postoperative ipsilateral choriocapillaris flow voids
(PICCVF), which
choriocapillaris following stenting (41). Combined with findings

indicated microembolization of the

within the present study, these have strengthened our hypothesis
that microembolization exists in the retinal microvasculature more
frequently than we have seen clinically.

The FAZ is a special capillary-free region that forms a ring of
interconnecting capillaries at the margin of the fovea. Changes in
its morphology and perifoveal capillary density may reflect the
degree of macular ischemia and are closely related to retinal
vascular diseases, such as diabetic retinopathy and retinal vein
occlusion (12-14). In this study, we found significantly decreased
FAZ area and circumference in the postoperative group compared
with the preoperative group following CAR, which may reflect

Frontiers in Medicine

improved macular perfusion and relief of macular ischemia
after CAR.

There are several limitations in this study. First, we only detected
short-term microvascular changes after CAR. Longitudinal studies
on long-term microvascular changes may help us better understand
the influence of CAR on the eye. Second, a variation of 2 to 7 days in
the timing of the postoperative examination may have affected the
results. Finally, the sample size is relatively small.

Future studies may explore the imaging features of OCTA and
color fundus photography after CAR and their association with
ocular microvascular hemodynamics and cerebral hemodynamics.
With the development of ultra-widefield OCTA devices, the
microvasculature in more peripheral regions of the fundus is now
available to be analyzed, which may provide additional insights into
the effects of CAR on ocular perfusion.
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TABLE 3 Comparison of peripheral OCTA parameters before and after the revascularization surgery.

10.3389/fmed.2025.1530867

Preoperative Postoperative p-value
VDRSVC
ST 40.00 [38.00, 42.00] 41.00 [39.00, 42.75] 0.374
S 42.50 [40.00, 45.00] 44.00 [42.00, 45.00] 0.055
SN 44.00 [42.00, 45.00] 44.00 [41.00, 45.00] 0.701
T 39.50 [36.25, 42.00] 41.00 [38.00, 42.00] 0.081
oD 46.00 [45.00, 48.00] 47.00 [45.00, 48.00] 0.113
IT 38.00 [34.00, 40.00] 39.50 [36.00, 42.00] 0.003*
I 42.00 [38.00, 44.00] 42,00 [39.00, 44.00] 0.560
IN 41.00 [37.00, 43.00] 41.00 [39.00, 43.00] 0.158
VDRDVC
ST 43.00 [41.00, 44.00] 43.00 [41.00, 45.00] 0.248
S 44.00 [42.00, 45.00] 44.00 [42.25, 45.00] 0.114
SN 43.00 [41.00, 45.00] 43.00 [41.00, 45.00] 0.930
T 42.00 [39.00, 43.75] 42,00 [40.25, 43.00] 0.131
oD 46.00 [43.00, 47.00] 45.50 [45.00, 47.00] 0.202
T 41.00 [37.00, 43.00] 42.00 [39.25, 44.00] 0.014%
1 43.00 [41.25, 45.00] 43.00 [41.00, 45.00] 0.992
IN 43.00 [39.25, 45.00] 43.00 [41.00, 45.00] 0.360
VDCML
ST 50.00 [47.00, 56.75] 51.00 [48.00, 57.00] 0.157
S 50.00 [49.00, 57.00] 50.00 [48.00, 57.00] 0.565
SN 51.00 [50.00, 58.00] 52.00 [50.00, 58.00] 0917
T 51.00 [50.00, 57.75] 51.50 [50.00, 58.00] 0.853
oD 51.00 [49.00, 54.25] 51.00 [50.00, 55.50] 0.032%
IT 50.00 [48.00, 57.00] 50.50 [49.00, 57.00] 0.177
I 51.00 [50.00, 58.00] 51.50 [51.00, 58.00] 0.066
IN 53.00 [51.00, 55.00] 52.50 [51.00, 55.75) 0.127
3D-CVI
ST 50.00 [47.00, 56.75] 51.00 [48.00, 57.00] 0.164
S 50.00 [49.00, 57.00] 50.00 [48.00, 57.00] 0.968
SN 51.00 [50.00, 58.00] 52.00 [50.00, 58.00] 0.234
T 51.00 [50.00, 57.75] 51.50 [50.00, 58.00] 0.467
oD 51.00 [49.00, 54.25) 51.00 [50.00, 55.50] <0.001*
IT 50.00 [48.00, 57.00] 50.50 [49.00, 57.00] 0.054
1 51.00 [50.00, 58.00] 51.50 [51.00, 58.00] 0.005*
IN 53.00 [51.00, 55.00] 52.50 [51.00, 55.75] 0.001%

VDRSVC, vessel density of the retinal superficial vascular complex; VDRDVC, vessel density of the retinal deep vascular complex; VDCML, vessel density of choroidal middle and large
vessels; 3D-CVI, three-dimensional choroidal vascularity index; ST, superior temporal; S, superior; SN, superior nasal; T, temporal; OD, optic disk; IT, inferior temporal; I, inferior; IN, inferior

nasal; *p-values <0.05.

In conclusion, our study has provided detailed and comprehensive
results on macular and peripheral microvascular changes in the
fundus after CAR, utilizing widefield SS-OCTA. The findings of this
study also demonstrated that CAR could improve both macular and
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peripheral fundus perfusion and reduce the FAZ area and

circumference of the FAZ in the ipsilateral eye. The observed decrease

in VDRDVC after CAR may result from microvascular embolization

and ischemia in the DCP.
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Glossary

CAR - Carotid artery revascularization

SCAS - Severe carotid artery stenosis

SS-OCTA - Swept-source optical coherence tomography angiography
FAZ - Foveal avascular zone

BCVA - Best-corrected visual acuity

IOP - Intraocular pressure

CFP - Color fundus photography

VDRSVC - Vessel density of retinal superficial vascular complex
VDRDVC - Vessel density of retinal deep vascular complex
3D-CVI - Three-dimensional choroidal vascularity index
ICA - Internal carotid artery

OIS - Ocular ischemic syndrome

CM - Central macula

SIR - Superior of inner ring

SOR - Superior of the outer ring

IIR - Inferior of inner ring

IOR - Inferior of outer ring

NIR - Nasal of inner ring

NOR - Nasal of outer ring

TIR - Temporal of inner ring

TOR - Temporal of outer ring

ICP - Intermediate capillary plexus

DCP - Deep capillary plexus

SCP - Superficial capillary plexus

PAMM - Paracentral acute middle maculopathy
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