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PURPOSE. To evaluate episcleral vasculature in corneal limbus with optical coherence
tomography angiography (OCTA) in normal controls, port-wine stain (PWS) patients,
and Sturge-Weber syndrome (SWS) patients.

METHODS. Unilateral eyes from 18 normal controls (25.41 ± 4.00 years), 16 PWS patients
(21.35 ± 11.05 years), and 8 SWS patients with ipsilateral late-onset glaucoma (22.13 ±
7.82 years). Each subject underwent slit-lamp examination, applanation tonometry, and
OCTA. All OCTA scans were performed using an OCTA system operating at a wavelength
of 1050-nm in four quadrants (superior, inferior, nasal, and temporal). The scans were
delineated into conjunctival and episcleral layers using IMAGEnet6 for analysis.

RESULTS. Slit-lamp and OCTA images demonstrated dense dilated episcleral vessels in
PWS and SWS patients, particularly in the SWS group. The mean limbal involvements of
episcleral vascular anomalies under slit lamp were respectively 0.00 ± 0.00, 5.44 ± 2.92,
and 8.88 ± 2.70 clock hours in the control, PWS, and SWS groups (F = 58.46, P < 0.01).
Quantitative analysis of OCTA scans showed that the episcleral vessel density in controls,
PWS, and SWS groups were 25.03% ± 1.47%, 28.28% ± 1.96%, and 33.59% ± 3.00%,
respectively (F = 18.17, P < 0.01). We also observed higher episcleral vessel diameter
index in the SWS and PWS groups in comparison with the controls, particularly in the
SWS group (P < 0.01). The vessel measurements, including density and diameter, were
significantly correlated with the increased IOP and cup-to-disc (C/D) in SWS patients (P
< 0.01).

CONCLUSIONS. To our knowledge, this is the first demonstration of OCTA in PWS and SWS
patients and represents direct pathoanatomic evidence for episcleral alterations in SWS
patients. The episcleral vessel measurements correlated with the increased IOP and C/D
in SWS patients, indicating the episcleral vascular hypertrophy may be a risk factor for
glaucoma in adult SWS patients.

Keywords: OCT angiography, glaucoma anterior segment, Sturge-Weber syndrome,
episcleral vasculature

Optical coherence tomography (OCT) uses low-
coherence interferometry to visualize the in vivo

imaging of ocular structures, and has shown rapid improve-
ments and gained widespread usage since its introduction
in 1991.1 The interferometry generates axial depth scans
(A-scans) based on the reflectivity profile of specific
spatial dimensions and location of structures. An OCT
cross-sectional B-scan is then acquired by laterally combin-
ing sequential A-scans.2 More recently in 2014,3 the first
commercial optical coherence tomography angiography
(OCTA) was introduced to delineate blood vessels by
comparing phase speckle contrast, changes in intensity,
or a variation of the full OCT signal between consecutive
B-scans.4,5

Currently, OCTA plays a major role in various reti-
nal vascular diseases of posterior segment,6 such as the
detection of macular or peripheral retinal nonperfusion in
diabetic retinopathy and retinal venous occlusion,7,8 and the
diagnosis of choroidal neovascularization in patients with
age-related macular degeneration.9 Studies also explored
its application in detection of the optic disc sector perfu-
sion in glaucoma patients.10,11 Although current commercial
OCTA systems are not specifically designed for the anterior
segment, several studies have recognized its future potential
in providing rapid, noncontact evaluation of the cornea and
anterior segment; corneal neovascularization,12 conjunctival
vasculature in normal eyes,13 episcleral vasculature in dural
carotid-cavernous sinus fistula,14 malignant iris melanomas,
and benign iris lesions15 have been successfully observed
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using OCTA. However, the use of OCTA in assessments of
the anterior segment has not been fully explored.

Sturge-Weber syndrome (SWS), also known as
encephalotrigeminal angiomatosis, is a systemic hamar-
tomatosis (phakomatosis). It manifests as a triad of facial
vascular malformation or nevus flammeus (also called
facial port-wine stain [PWS]) in the ophthalmic division of
the trigeminal nerve, ipsilateral occipital leptomeningeal
angioma, and ocular complications.16,17 Its incidence is
reported to be between 1:50000 and 1:20000, regardless
of sex.18 Glaucoma is the main ophthalmic complication
reported in SWS, with an incidence ranging from 30%
to 60%.19,20 The mechanisms underlying the ipsilateral
glaucoma in SWS patients are still unclear. An increase
in episcleral venous pressure (EVP) due to arteriovenous
shunts and premature aging of the trabeculae in juvenile-
and adult-onset patients,21–23 and congenital malformation
of the anterior chamber angle in children,17,24 constitute the
main hypotheses to explain the pathogenesis of glaucoma
in SWS. Facial hemangiomas involving the entire V1 or
bilateral V1 to V3 distribution region of the trigeminal nerve
are thought to be a risk factor for ocular complications
in SWS.25,26 In addition, Phelps22 believed that glaucoma
is more pronounced with larger episcleral hemangiomas.
Thus assessments of episcleral vascular hypertrophy in
PWS/SWS patients may contribute to better prediction of
the risk of glaucoma in SWS/PWS patients, and improve our
understanding of the pathogenesis of its increased IOP.

The aims of this pilot study were to provide direct
pathoanatomic evidence of the altered hemodynamics in
PWS and SWS patients by using the novel OCTA tech-
nique, and to characterize and quantify the episcleral vascu-
lar anomalies in SWS patients with ipsilateral juvenile-onset
glaucoma.

METHODS

Participants of this cross-sectional observational pilot study
were recruited at the Department of Ophthalmology in
Shanghai Ninth People’s Hospital (Shanghai, China) from
June 2018 to October 2018. This study followed the tenets of
the Declaration of Helsinki and was in accordance with the
Health Insurance Portability and Accountability Act of 1996.
The study protocol was approved by the investigational
review board of Shanghai Ninth People’s Hospital, Shang-
hai Jiaotong University School of Medicine, Shanghai, China
(approval number: SH9H-2018-T24-1). Clinical trial registra-
tion was not required owing to the observational nature of
the study. All enrolled subjects were informed about the
aim of study, and informed consent was obtained from each
patient or their guardians. Participants for the normal control
group were recruited from volunteers.

Forty-two eyes of 42 participants were included in total:
18 normal controls (6 male, 12 female; mean age, 25.41 ±
4.00 years; age range, 23.10–37.01 years), 16 PWS patients
(7 male, 9 female; mean age, 21.35 ± 11.05 years; age
range, 11.99–50.59 years), and 8 SWS patients with ipsilat-
eral glaucoma associated with nonacquired systemic disease
or syndrome (1 male, 7 female; mean age, 22.13 ± 7.82 years;
age range, 10.19–33.89 years). A detailed fundus examina-
tion was carried out in all participants, and their medical
data, including basic information related to age and sex,
were recorded. All patients had a minimum port-wine mark
of trigeminal nerve V1 or V1 and V2 distribution. A diag-
nosis of PWS was made by the Department of Plastic and

Reconstructive Surgery, Shanghai Ninth People’s Hospital.
The diagnosis of SWS is based on the diagnosis of PWS
and ocular manifestations and/or cerebral complications.27

All SWS patients enrolled in this study were diagnosed
with an ipsilateral glaucoma associated with nonacquired
systemic disease or syndrome using the following crite-
ria: includes conditions predominantly of systemic disease
present at birth that might be associated with ocular signs;
and meets glaucoma definition.28 The exclusion criteria were
as follows: presence of ocular diseases, including dry eye,
keratitis, chronic conjunctivitis, blepharoconjunctivitis, and
pterygium; history of topical medication; history of contact
lens wear; history of Sjögren syndrome, Stevens-Johnson
syndrome, diabetes, or severe thyroid eye disease; and previ-
ous ocular trauma or ocular surgery.

Slit-Lamp Biomicroscopy

Each subject was asked to fix their eyes on four direc-
tions (upward, downward, outward, and inward), and color
images of the superior, inferior, nasal, and temporal quad-
rants of the conjunctiva were acquired using a slit-lamp
mounted digital camera system (SL-D Digital Slit-Lamp;
Topcon, Tokyo, Japan). An x25 magnification image was
obtained using a 45° angled beam of white light projected
through a diffusion filter.

IOP Measurement

One drop of topical anesthetic (Benoxil 0.4%, Santen Phar-
maceutical Co., Ltd, Osaka, Japan) was instilled into the infe-
rior conjunctival cul-de-sac, and sodium fluorescein strips
(Jingming, Tianjin, China) were used before the examina-
tion. IOP was then obtained using a Goldmann applanation
tonometer, as described previously.29

OCTA Scanning

All OCTA scans were performed by an experienced physi-
cian (ZZ) using the swept-source DRI OCT unit (Triton;
Topcon). This apparatus uses a wavelength-sweeping laser
with a center wavelength of 1050 nm up to a depth of
2.6 mm. Participants were asked to open their eyes as wide
as possible and follow a green indicator light in four direc-
tions (upward, downward, outward, and inward), fixing eyes
each time for about 10 seconds. In case of failure or strong
artifacts on images, an eye speculum (Kangning, Jiangsu,
China) was used. The “OCT Macular Angiography” function
was chosen to obtain 4.5- × 4.5-mm scans of superior, infe-
rior, temporal, and nasal perilimbal areas, in which 100,000
A-scans were acquired per second with an optical axial reso-
lution of 8 μm and lateral resolution of 20 μm. The appropri-
ate focus was achieved by using a forehead shield and adjust-
ing the diopter compensation lens selector to (+) without
any anterior segment lens. Meanwhile, the eye auto-tracking
function was turned off, as the default system was designed
for the retina and choroid.

Image Analysis

All OCTA scans were processed automatically to reduce
motion artifacts, such as transverse saccadic and residual
axial motion, by the internal software (IMAGEnet6, version
1.22; Topcon). Representative images were selected for
analysis by considering criteria, such as best focus, good
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FIGURE 1. Delineation of OCTA scans was based on cross-sectional
B-scans (A). Anterior conjunctival boundary and anterior scleral
boundary were recognized on angio B-scans (B). En face conjunc-
tival scan (C) was obtained from anterior conjunctival boundary to
anterior scleral boundary. En face episcleral scan (D) was obtained
from anterior scleral boundary to 100 μs under anterior scleral
boundary.

contrast, and least motion artifacts with TopQ image quality
above 70.

The thickness of conjunctiva varies with age, sex, and
measurement location and different clinical circumstances.30

As different structures have specific refractive index,30 for
the purpose of this study, the episcleral layer of OCTA
scans was delineated based on B-scans (from anterior scle-
ral boundary to 100 μm under anterior scleral boundary)

and optimized based on en face vascular images, as shown
in Figure 1.

Vessel Density and Vessel Diameter Measurements

Slit-lamp photographs: episcleral vasculature, such as
engorged, dilated, or intensive blood vessels in corneal
limbus under slit lamp, was noted as limbal vascular
anomalies. Limbal episcleral vessel density using slit-lamp
photographs were presented as the limbal involvement of
episcleral vascular anomalies over 12 clock hours.

OCTA scans: a 4.5- × 4.5-mm OCTA scan (336 ×
336 pixels) was performed in nasal, temporal, superior,
and inferior quadrants of corneal limbus in each patient
(Fig. 2A). A square of 150 × 150 pixels perpendicular to
the corneal limbus, which comprises the most part of limbal
vascular networks, at 3 o’clock, 6 o’clock, 9 o’clock, and 12
o’clock, was defined as the representative regions of interest
(Fig. 2B). We first enhanced the OCTA image by histogram
equalization and median filtering. Then a binary image was
obtained from adaptive threshold binarization and morpho-
logic process to measure vessel density (Fig. 2C). To calcu-
late the length of the vessel, we executed skeletonization
(Fig. 2D) to the vessel using Zhang-Suen Thinning Algo-
rithm31 with MATLAB R2010a software (The MathWorks,
Inc., Natick, MA, USA). Vessel density was measured as the
percentage of pixels occupied by the vessels divided by the
total pixels of 150 × 150 pixels (white pixels/total pixels in
the frame). The vessel diameter index was calculated as the
results of vessel density divided by total vessel length.

Statistical Analysis

One-way ANOVA with the Bonferroni multiple comparisons
test (GraphPad Prism version 6.00 for Mac; GraphPad, San
Diego, CA, USA) was performed to compare ages, IOP, cup-
to-disc (C/D) , vessel measurements data of control, PWS
and SWS groups. The unit of limbal involvement of slit-
lamp method was converted from clock hours to percentage
(clock hours/12 clock hours) in Bland-Altman plot analysis
so as to be compared with the OCTA method. The differ-
ence of episcleral vessel density between OCTA and slit-lamp
methods was analyzed using Bland-Altman plots. The corre-
lations between IOP, C/D, slit-lamp abnormal vessel quan-
tification, and OCTA episcleral vessel measurements were
analyzed using the Pearson correlation statistical test. A P
value of < 0.05 was considered statistically significant. The
vessel density from OCTA images was presented as means ±

FIGURE 2. A 4.5 × 4.5 mm OCTA scan (336 × 336 pixels) was performed in the nasal quadrant of the corneal limbus (A). The region of
interest is defined as 150 × 150 pixels (B) perpendicular to the corneal limbus at 9 o’clock. A binary image was obtained from adaptive
threshold binarization and morphologic process to measure vessel density (C). The skeletonization was performed to obtain the total vessel
length (D).
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TABLE 1. Clinical Parameters of the Control, PWS, and SWS Groups of Study Subjects

Patient Number Mean Limbal
Information Mean Age y (Male /Female) Involvement Clock h C/D Ratio IOP mm Hg

Control 25.41 ± 4.00 18 (6/12) 0.00 ± 0.00 0.30 ± 0.05 14.72 ± 3.51
PWS 21.35 ± 11.05 16 (7/9) 5.44 ± 2.92*,† 0.32 ± 0.07 15.81 ± 3.82
SWS 22.13 ± 7.82 8 (1/7) 8.88 ± 2.70‡,*,† 0.88 ± 0.16‡,*,† 31.50 ± 8.70‡,*,†

Data are presented as mean ± StD.
* Compared with controls, P < 0.01.
† Compared with PWS, P < 0.05.
‡ Compared with PWS, P < 0.01.

95% confidence interval (CI); the other data were presented
as means ± StD.

RESULTS

Demographic and Clinical Characteristics of
Subjects

The demographic and clinical characteristics of the partici-
pants are summarized in Table 1. The mean C/D ratio was
respectively 0.30 ± 0.05, 0.32 ± 0.07, and 0.88 ± 0.16 in the
control, PWS, and SWS groups (F = 142.2, P < 0.01). The
mean IOP was respectively 14.72 ± 3.51 mm Hg, 15.81 ±
3.82 mm Hg, and 31.50 ± 8.70 mm Hg in the control, PWS,
and SWS groups (F = 35.08, P < 0.01). No difference was
found in the C/D ratio and IOP between controls and PWS
patients, whereas on the basis of the diagnostic criteria, C/D
ratio and IOP were significantly higher in SWS patients than
those in the controls (SWS vs. controls, P < 0.01) and PWS
patients (SWS vs. PWS, P < 0.01).

Demonstration of Episcleral Vasculature

Slit-lamp photography and OCTA scans of the superior,
inferior, temporal, and nasal quadrants of the limbus were
performed in all participants. All OCTA scans were delin-
eated into en face conjunctival and episcleral layers. Slit-
lamp images and OCTA episcleral scans of the nasal, tempo-
ral, superior, and inferior quadrants in the control, PWS, and
SWS groups are demonstrated in Figure 3. The difference
of density and vessel dilation in episcleral vasculature was
apparent between the control, PWS, and SWS groups (Fig. 3).
Superficial episcleral plexus vessels demonstrated thin anas-
tomoses in the controls. PWS, and particularly SWS patients,
showed compact vascular network consisted of dilated epis-
cleral vessels (Fig. 3). In addition, OCTA scans seemed to
provide a more precise and clear view of episcleral anoma-
lies compared with slit-lamp photography.

Quantification of Vessel Density

Slit-lamp photographs and OCTA scans were both analyzed
for quantification of episcleral vessel density. Slit-lamp
photographs showed a more important limbal involvement
of abnormal episcleral vascularity in PWS and SWS patients.
The mean limbal involvements of episcleral vascular anoma-
lies were respectively 0.00 ± 0.00, 5.44 ± 2.92, and 8.88 ±
2.70 clock hours in the control, PWS, and SWS groups (F =
58.46, P < 0.01). Vascular anomalies as dilated or tortuous
episcleral vessels were found both in PWS and SWS patients.
The abnormal vascularity was particularly more extensive

in SWS patients compared with controls and PWS patients
(controls vs. SWS, P < 0.01; PWS vs. SWS, P < 0.01).

All OCTA image scans were also analyzed to assess epis-
cleral vessel density. Quantitative analysis showed a signif-
icantly greater episcleral vessel density in SWS and PWS
patients compared with normal controls (control vs. PWS,
P < 0.01; PWS vs. SWS, P < 0.05; Fig. 4A). The average epis-
cleral vessel density in the control, PWS, and SWS groups
were 25.03% ± 1.47%, 28.28% ± 1.96%, and 33.59% ± 3.00%,
respectively (F = 18.17, P < 0.01). The vessel densities in
the superior, inferior, nasal, and temporal quadrants in the
limbus of the three groups are listed in Table 2.

Correlation analysis and Bland-Altman plot analysis of
the two quantification methods described earlier were
performed. The extensive abnormal vasculature observed
in slit-lamp photographs correlated significantly to the
increased vessel density of OCTA scans (r = 0.81, P <

0.01; Fig. 4B). Bland-Altman plots showed the concor-
dance of two quantification methods with a bias of –3.45%
± 31.70% and a 95% CI of –65.58%, 58.68% (OCTA-slit
lamp; Fig. 4C), suggesting that slit-lamp method underes-
timated the vessel density in controls and overestimated in
SWS patients than the OCTA method.

Quantification of Vessel Diameter

The mean episcleral vessel diameter index in SWS patients
demonstrated a significant increase in nasal, superior, and
inferior quadrants of the limbal area in comparison with
normal controls (Table 3). The mean episcleral vessel diam-
eter index was 3.52 ± 0.11, 3.68 ± 0.13, and 3.92 ± 0.24
in controls, PWS patients, and SWS patients, respectively
(Fig. 5). PWS and SWS groups showed a significantly higher
average vessel diameter compared with controls (PWS vs.
controls, P < 0.05; SWS vs. controls, P < 0.01), particularly
in the SWS group (SWS vs. PWS, P < 0.01).

Correlation Analysis of IOP, C/D, and Vessel
Measurements

Our analysis found a positive correlation between increased
episcleral vessel density and IOP (r= 0.45,P< 0.01; Fig. 6A),
and between increased episcleral vessel density and C/D
ratio (r = 0.54, P < 0.01; Fig. 6B). A positive correlation was
also found between episcleral vessel diameter index and IOP
(r = 0.56, P < 0.01; Fig. 6C), and between episcleral vessel
diameter index and C/D ratio (r = 0.65, P < 0.01; Fig. 6D).
Those findings demonstrated an increased IOP and C/D ratio
along with a dense dilated limbal episcleral vasculature in
SWS patients, suggesting the episcleral vasculature involve-
ment in the pathogenesis of glaucoma in SWS patients.
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FIGURE 3. Demonstration of episcleral vessels of the nasal, temporal, superior, and inferior quadrants in control and PWS and SWS groups.
Note the compact vascular network (asterisks) consisted of dilated episcleral vessels (arrows) in PWS and SWS patients.

TABLE 2. The Episcleral Vessel Density of the Superior, Inferior, Nasal, and Temporal Quadrants in the Limbus of the Three Groups

Nasal Vessel Temporal Vessel Superior Vessel Inferior Vessel
Group Density % Density % Density % Density %

Control 25.06 ± 1.75 27.72 ± 2.66 21.78 ± 1.38 25.56 ± 3.16
PWS 28.44 ± 2.47 30.19 ± 2.46 27.00 ± 2.82† 27.50 ± 3.32
SWS 33.29 ± 4.40†,‡ 32.75 ± 3.81 35.75 ± 3.84†,§ 33.50 ± 4.33*

Data are presented as means ± 95% CI.
* Compared with controls, P < 0.05.
† Compared with controls, P < 0.01.
‡ Compared with PWS group, P < 0.05.
§ Compared with PWS group, P < 0.01.
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FIGURE 4. The mean episcleral vessel density of OCTA scans in the control, PWS, SWS groups (A), its correlation with limbal involvement
of episcleral abnormalities using slit-lamp photographs (B), and Bland-Altman plots comparing OCTA and slit-lamp quantification methods
(C). Data are presented as mean ± 95% CI. *Compared with controls, P < 0.05; **compared with controls, P < 0.01; ##compared with PWS,
P < 0.01; r = 0.58, P < 0.01 (B).

TABLE 3. The Mean Episcleral Vessel Diameter Index of the Nasal, Temporal, Superior, and Inferior Quadrants in Controls, PWS, and SWS
Patients

Nasal Episcleral Temporal Episcleral Superior Episcleral Inferior Episcleral
Vessel Diameter Index Vessel Diameter Index Vessel Diameter Index Vessel Diameter Index

Control 3.49 ± 0.18 3.57 ± 0.19 3.49 ± 0.23 3.55 ± 0.22
PWS 3.63 ± 0.22 3.74 ± 0.27 3.66 ± 0.32 3.70 ± 0.24
SWS 4.02 ± 0.35*,† 3.93 ± 0.29* 3.77 ± 0.21 3.96 ± 0.42*

Data are presented as mean ± StD.
* Compared with controls, P < 0.01.
† Compared with PWS, P < 0.01.

DISCUSSION

Episcleral venous anomalies are reported to be involved
in the pathogenesis of glaucoma in SWS patients.16–18 We
applied the novel OCTA technique for visualization and anal-
ysis of the episcleral vasculature in PWS and SWS patients
with juvenile-onset glaucoma.

Currently, the main assessment of anterior segment vascu-
lature in SWS patients is restricted to slit-lamp photogra-
phy and intraoperative observations. OCTA has been shown
to serve as an innovative noninvasive method for evaluat-
ing blood flow and vessel density. OCTA visualize vessels
of all sizes, including marginal corneal vascular arcades in

FIGURE 5. The mean episcleral vessel diameter index in controls,
PWS, and SWS patients. Data are presented as mean ± StD.
*Compared with controls, P < 0.05; **compared with controls, P
< 0.01; ##compared with PWS, P < 0.01.

the episcleral vasculature. Our findings in this study have
proved the correlation and concordance between limbal
involvement of episcleral abnormal vessels observed in slit-
lamp photography, and the episcleral vessel density using
OCTA scans (Figs. 4B, 4C). More importantly, OCTA enables
respective en face delineation of conjunctival and epis-
cleral vasculature, owing to the different optical scatter-
ing features of biologic tissues.30 Compared with slit-lamp
photography, in which underestimation of poorly visible
blood vessels in the episcleral layer may occur (Fig. 2),
the density quantification method described in this study is
much more precise and enables furthermore the vessel diam-
eter measurements (Figs. 4, 5). Another option for assess-
ment of anterior segment are angiography techniques using
fluorescein or indocyanine green, whereas those invasive
techniques expose patients to potential adverse reactions.32

To date, different OCTA systems, such as split-spectrum
amplitude-decorrelation angiography (SSADA) and spectral-
domain (SD) OCTA system, have shown promising results
in imaging anterior segment.33 The SSADA and SD systems
respectively run a scanning speed at 70 and 53 kHz with
a wavelength at 840 and 880 nm. It should be noted that
the swept-source-based OCTA in this study was less prone
to motion artifacts because of its faster scanning speed
(100 kHz A-scan rate),34 and provided a better penetration
through light-retaining tissues, such as the sclera or limbus,
with its long wavelength (1050 nm).15 The main limitations
of this OCTA system for imaging the anterior segment are
related to three points: first, good patient cooperation is
required, as the scan acquisition takes approximately 10
seconds and the tracking system is not currently available
for the anterior segment; second, the OCTA image size in the
anterior segment was limited to 4.5 × 4.5 mm due to long
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FIGURE 6. Increased episcleral vessel density was correlated to higher IOP (A; r = 0.45, P < 0.01) and C/D ratio (B; r = 0.54, P < 0.01).
Increased episcleral vessel diameter index was correlated to higher IOP (C; r = 0.56, P < 0.01) and C/D ratio (D; r = 0.65, P < 0.01).

acquisition time and motion artifacts with 6- × 6-mm or 12-
× 12-mm module so that it is not large enough to capture
the entire bulbar conjunctive area; and third, the episcleral
layer of OCTA scans could be slightly affected by the super-
ficial OCTA signals, as the DRI OCT used in this study does
not have a function for projection artifacts removal.

IOP is determined by evaluating the ratio of aqueous
humor production to aqueous outflow. In the conventional
pathway, the aqueous humor flows through the trabecu-
lar meshwork into the canal of Schlemm, then into aque-
ous collector channels and aqueous veins. The resistance
to aqueous outflow through the trabecular meshwork is
influenced by a second pressure at the level of the epis-
cleral veins: EVP. Any obstruction of the drainage pathway
may elevate EVP causing episcleral vessel dilation, which
includes thyroid ophthalmopathy, episcleral or orbital vein
vasculitis, cavernous sinus, and orbital vein thrombosis.35

Contrary to the elevated EVP and episcleral vessel dila-
tion secondary to venous obstruction, SWS is believed to
lead to elevated EVP via arteriovenous anomalies itself,
such as arteriovenous shunts formed within the vascular
anomalies.36–38

The episcleral vasculature is normally characterized by
the absence of capillaries, numerous arteriovenous anas-
tomoses, and a muscle-rich venous network.39 Akagi et
al.13 have described a Y-shaped sectoral pattern of scleral
vasculature in normal corneal limbus using OCTA, which
had a similar appearance to the aqueous angiography
images, indicating that scleral plexus vasculature observed
in OCTA scans contributes to aqueous drainage. The limbal
episcleral hypertrophy from OCTA scans observed in our
study reflected the arteriovenous anomalies in SWS patients.
Phelps22 proposed that the veins draining aqueous from
the canal of Schlemm are a part of an episcleral vessel

anomaly, or the canal of Schlemm itself may be part of the
vessel anomaly in PWS and SWS patients. Our finding of
linear correlation of IOP and C/D ratio with episcleral vessel
measurements is in agreement with the results of previous
studies,40–42 and supports the hypothesis that progressive
hypertrophy and dilatation of the episcleral veins contribute
to an increase in EVP and IOP, then the ipsilateral juvenile-
onset glaucoma in SWS patients.20 In addition, the promi-
nent episcleral vessels are related to severe surgical compli-
cations, such as choroidal effusion.43 We propose that the
limbal episcleral alteration may be a risk factor for glaucoma
in adult SWS patients, and clinicians should examine care-
fully episcleral vasculature in terms of vessel density and
vessel dilation in PWS and SWS patients.

Because of our small sample size, we did not measure
the EVP values. The role of the episcleral vasculature, its
specialties in regulation of IOP, and the hypotheses related
to strategies for glaucoma treatment based on the mecha-
nism of raised EVP need further investigation. Moreover,
choroidal hemangioma is associated with a higher risk of
glaucoma.44 As the presence of choroidal hemangioma was
not recorded for this study, we cannot comment on the rela-
tionship between choroidal hemangioma and glaucoma in
SWS.

CONCLUSIONS

OCTA images demonstrate more severe dilated dense vessels
in limbal episclera in SWS patients compared with PWS
patients. This noninvasive technique may serve as a more
precise and reliable approach alternative to conventional
slit-lamp examinations for assessing episcleral vascular
patterns and providing quantitative measurement of vascu-
lar anomalies. The correlation we found between IOP, C/D
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ratio, and episcleral vessel measurements in the study indi-
cated episcleral vascular hypertrophy in SWS patients might
account for pathogenesis of glaucoma. The OCTA evaluation
of episcleral vasculature may also be used for the investiga-
tion of episcleral vascular alterations in glaucoma secondary
to dilated episcleral veins and relevant targeted treatment.
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