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Abstract
Purpose To demonstrate the marginal corneal vascular remodelling using optical coherence tomography angiography
(OCTA) after pterygium surgery.
Methods Twenty-two eyes of 19 patients (8 males, 11 females; age, 58.68 ± 0.34 years) with primary grade-T3 nasal
pterygium were enroled in this study. The eyes underwent excision of the pterygium followed by a free limbal-conjunctival
autograft. OCTA was performed in the nasal limbal area before surgery and at 10 days, 1 month, and 3 months after surgery.
The scans were analyzed in terms of postoperative vascular remodelling of the autograft and marginal corneal vascular
arcades (MCAs).
Results Preoperatively, the pterygium presented as abnormal centripetal vascular growth in OCTA scans. The conjunctival
vessel density in the nasal quadrant was 29.26% ± 1.00%, 15.80% ± 0.83%, 19.80% ± 0.88%, and 20.26% ± 0.89% before
and 10 days, 1 month, and 3 months, respectively, after surgery (F= 1.55, P < 0.01). The vessel density of MCAs was
28.33% ± 0.88%, 42.09% ± 0.41%, and 42.46% ± 0.31% 10 days, 1 month, and 3 months, respectively, after surgery (F=
188.2, P < 0.01).
Conclusions We describe a new application of OCTA for MCA vasculature imaging. Vascular remodelling of the graft and
MCAs appeared at 1 month and continued for 3 months after surgery.

Introduction

Optical coherence tomography (OCT) has shown rapid
development and gained widespread usage for in vivo ima-
ging of the retina since its introduction in 1991 [1]. Based on
sequential OCT cross-sectional B-scan, the OCT angiography
(OCTA) was developed and demonstrated on the human eye
for the first time in 2006 [2]. More recently, in 2014, the first
commercial 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 [3, 4]. Currently, OCTA plays an important role in the
imaging of retinal diseases, including diabetic retinopathy,
retinal vein/artery occlusion, age-related macular degenera-
tion, choroidal neovascularization, etc [5]. Although current
commercial OCTA systems are not specifically designed for
the anterior segment, several studies have been conducted and
have recognised its future potential [6]: malignant iris mela-
nomas and benign iris lesions [7], corneal neovascularization
[8], pharmaceutical effect on perilimbal vasculature [9], graft
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reperfusion after conjunctival autograft transplantation [10]
have been successfully observed using OCTA. We here
applied OCTA in visualisation of marginal corneal vascular
remodelling following pterygium surgery with limbal-
conjunctival autograft.

Pterygium is a wing-shaped fibrovascular growth of bulbar
conjunctiva that extends toward the cornea. The prevalence of
pterygium is as high as 9.84% in China [11], and the con-
dition causes signs of ocular irritation, visual disturbances,
etc. This common chronic inflammatory ocular surface dis-
ease is characterised by proliferation, angiogenesis, and
extracellular matrix remodelling in the lesion [12]. The
pathogenesis of pterygium is still controversial. It is thought
to originate from limbal stem cells (LSCs) [13] that have been
altered by chronic ultraviolet light exposure [14, 15]. Recent
studies have also demonstrated that overexpression of
angiogenic factors such as von-Willebrand factor and VEGF
[16, 17] and decreased expression of angiogenesis inhibitors
such as thrombospondin-1 [17] were involved in the patho-
genic mechanism of pterygium.

Surgical techniques are the preferred option to treat
pterygium, but bare scleral excision of the pterygium [18]
results in recurrence rates as high as 88% after surgical
excision in certain populations [19]. Pterygium excision
followed by limbal-conjunctival autograft has been con-
firmed to reduce pterygium recurrence for both primary and
recurrent cases [20, 21]. However, failure of vascular
reperfusion of the autograft can lead to recurrent pterygium
[22]. The marginal corneal vascular arcades (MCAs) were
defined as complex vascular loops and projections in the
corneal limbus internal to the Vogt palisades extending into
the corneal margin [23–25]. Kim et al. recently reported
deteriorated MCAs in the affected limbus in pterygium and
reconstruction of MCAs after surgery [22] by using indo-
cyanine green angiography (ICGA). Nevertheless, little is
known about the angiographic features or roles of MCAs
during the vascular remodelling after pterygium surgery.

Since OCTA can serve as a novel non-invasive angio-
graphic technology, this study was designed with objectives
to explore the angiographic features of pterygium and
vascular reperfusion of autograft and particularly, to better
understand the hemangiogenesis in terms of MCAs remo-
delling on 3-month follow-up after pterygium surgery.

Methods

This prospective observational clinical study included 22 eyes
of 19 patients (8 males, 11 females; age, 58.68 ± 0.34 years)
with nasal primary pterygium at the Department of Ophthal-
mology in Shanghai Ninth People’s Hospital (Shanghai,
China) from January 2018 to December 2018. Patients with a
history of ocular surgery, chronic topical medication over

3 months, ocular trauma, contact lens wear, conjunctivitis,
corneal scarring, glaucoma, systemic diseases as thyroido-
pathy, or medication as immunosuppressants that would
change vascular appearance were excluded from the study.

Pterygium was graded according to the following system
described by Tan [26]: Grade T1, in which episcleral ves-
sels were unobscured by the body of pterygium; grade-T2,
which contained partially obscured episcleral vessels; and
grade-T3, in which episcleral vessels were obscured by the
body of pterygium.

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 was
approved by the Investigational Review Board of Shanghai
Ninth People’s Hospital, Shanghai Jiaotong University
School of Medicine, Shanghai, China (Approval number:
2018-21-T21). All subjects enrolled were informed about
the aim of this study, and informed consent was obtained
from 19 grade-T3 patients, 1 grade-T2 patient, 1 grade T1
patient, and another healthy volunteer.

Surgical procedures

The surgeries were performed by the same team by using
the same technique: excision of the pterygium followed by a
free limbal-conjunctival autograft, taken from a superior
position. After surgery, all patients received an identical
regimen of topical levofloxacin eye drops (Santen Phar-
maceutical, Japan), 0.1% fluorometholone eye drops (San-
ten Pharmaceutical, Japan), and Solcoseryl (Shengyang
Sinqi Pharmaceutical, China), which were tapered off over
1 month. Nylon sutures were removed at 10 days after
surgery. Clinical measurements (described below) were
obtained before surgery and 10 days, 1 month, and
3 months after surgery.

Slit-lamp biomicroscopy

Colour images of each eye with pterygium were acquired
using a slit-lamp–mounted digital camera system (Topcon
SL-D Digital Slit-Lamp; Topcon, Tokyo, Japan). Images at
×16 and ×25 magnifications were taken using a 45-degree
angled beam of white light projected through a diffusion filter.

Imaging technique

All scans were performed by the same physician (Z. Z.)
using a swept-source DRI OCTA unit (Triton, Topcon,
Tokyo, Japan), which uses a wavelength-sweeping laser with
a centre wavelength of 1050 nm up to a depth of 2.6 mm
and a tuning range of ~100 nm. Patients were asked to open
their eyes as wide as possible and fixate on the temporal
45-degree angled green indicator light for about 10 s. The
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“OCT Macular Angiography” function was chosen to obtain
4.5 × 4.5 mm (336 × 336 pixels) scans, where 100,000 A-
scans are acquired per second with optical axial resolution of
8 μm and lateral resolution of 20 μm. The appropriate focus
was achieved by using forehead shield and adjusting the
dioptre compensation lens selector to (+) without any ante-
rior segment lens.

Image analysis

As the conjunctival layer and episcleral layer are laminar
with corresponding stratification of blood supply [27],
delineation of OCTA scans into specific layers allows en
face visualisation of their respective vasculature [28]. All
OCTA scans were processed automatically to reduce
motion artefacts such as transverse saccadic and residual
axial motion by the internal software (IMAGEnet6, version
1.22; Topcon, Tokyo, Japan). Next, the conjunctival and
episcleral layers of OCTA scans were delineated manually
based on B-scans (the depth of conjunctive layer is based on
the depth of pterygium infiltration before surgery or distinct
margin of autograft after surgery) and optimised based on
en face vascular images. As shown in Fig. 1, the thickness
between conjunctival epithelium and scleral boundary was
much thicker than healthy conjunctiva due to pterygium
overgrowth and its scleral boundary between conjunctiva
and episclera was more distinct. The autograft could be
identified on the operative margin and showed more irre-
gularity after surgery. The thickness of conjunctival layer of
each scan was noted as the distance from conjunctival
epithelium to scleral boundary. For the purpose of this
study, only 0–150 μm under scleral boundary on OCTA
scans was analysed as episcleral layer in our study.

Representative conjunctival and episcleral images at each
time point were selected for analysis, considering criteria
such as best focus, good contrast, and fewest motion arte-
facts with TopQ image quality above 70. We firstly
enhanced the OCTA image by histogram equalisation and
median filtering. Then a binary image was obtained from
adaptive threshold binarization and morphological process
to measure vessel density with MATLAB R2010a software
(The MathWorks, Inc, Natick, MA). Vessel density was
presented as the ratio of the area occupied by the vessels
divided by the total area using the previously described
method [8] in regions of interest: a 224 × 224 pixels square
at 3 o’clock perpendicular to the corneal limbus for con-
junctival and episcleral vessel density (Fig. 1e yellow
frame), and a 112 × 112 pixels square at 3 o’clock perpen-
dicular to the corneal limbus in scans of episcleral layer for
MCA density (Fig. 1e red frame).

OCTA scans of T1, T2, and T3 pterygium were demon-
strated in Fig. 2. OCTA Angio B-scans showed good vascular
signals under conjunctiva in corneal limbus in T1 pterygium

while very poor vascular signals under conjunctiva in the
corneal limbus in T3 pterygium (Fig. 2b). Only scans from
grade-T3 patients were analysed for the aim of this study.

Statistical analysis

A blinded investigator analysed all scan images and com-
pared the average of the OCTA scans pre- and post-surgery
at the 3-month follow-up. A P value < 0.05 (one-way
repeated-measures ANOVA test, GraphPad Prism version
6.00 for mac) was considered statistically significant for
comparisons among data of vessel density in regions of
interest before surgery and 10 days, 1 month, and 3 months
after surgery. Data were expressed as means ± standard
error of mean (SEM).

Results

Twenty-two grade-T3 pterygium patients were examined by
the slit lamp and OCTA imagining technique.

Demonstration of pterygium on OCTA scans

Pterygium presented as abnormal centripetal vascular
growth on OCTA scans (Fig. 2). The head of the pterygium
trespassed the corneal limbus corresponding to slit lamp
photos (Fig. 2a, c). The characteristic vascular loops of
MCAs could not be distinguished on episcleral layer in
preoperative grade-T3 pterygium (Fig. 2d), implying dete-
riorated MCAs around the affected corneal limbus. As we
focused on the postoperative vascular remodelling of
MCAs, statistical analysis was performed with the results
from grade-T3 patients in this study. The conjunctival
thickness analysed in this study was, respectively, 369.9 ±
51.26 μm, 345.5 ± 56.96 μm, 256 ± 54.22 μm, and 199.7 ±
43.21 μm before, 10 days, 1 month, and 3 months after
surgery (F= 78.65, P < 0.01), which corresponded to pre-
operative conjunctival overgrowth of pterygium, early
postoperative autograft oedema, and remodelling of auto-
graft. The preoperative conjunctival vessel density of the
nasal quadrant was 29.26% ± 1.00% because of the abnor-
mal fibrovascular growth of pterygium.

Vessel density analysis of limbal conjunctiva and
episclera

The quantification of OCTA scans demonstrated the
reperfusion of MCAs and autograft during the 3-month
follow-up after surgery.

At 10 days after surgery, tortuous capillaries from the
conjunctival vessels appeared on the borders of the auto-
graft and engorged vessels began to arise from the adjacent
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episcleral vessels (Fig. 3, 4a). The vascularity in the con-
junctiva became finer and more complex at 1 month post-
operatively, covering a greater part of the autograft
(Fig. 4b). At 3 months after surgery, the conjunctival

vascularity appeared to be completely reconstructed and
homogeneous in the autograft (Fig. 4c).

Quantitative analysis of conjunctival vessel density
showed a significant drop in the operated area at 10 days

Fig. 1 Demonstration of OCTA scans on anterior segment and
image processing. Demonstration of Angio-B scan (a), conjunctival
(b), and episcleral (c) vasculature in the nasal quadrant of normal
conjunctiva, pterygium and autograft area and demonstration of pro-
cessing scans and defining regions of interest. An episcleral scan was

adjusted to the best contrast (d) and blood vessels were binarized (e).
A 224 × 224 pixels square at 3 o’clock perpendicular to the corneal
limbus was analysed for episcleral vessel density (yellow frame) and a
112 × 112 pixels square at 3 o’clock perpendicular to the corneal
limbus was analysed for MCA density (red frame).
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after surgery compared with the preoperative data (15.80%
± 0.83%, P < 0.01), since the surgery removed the abnormal
fibrovascular growth of pterygium. Vascular density in the
conjunctival layer of the graft increased during the time
course after surgery (F= 1.55, P < 0.01; Fig. 5a). The
conjunctival vessel density increased with the time course
and reached 19.80% ± 0.88%, and 20.26% ± 0.89% 1 and
3 months after surgery, but remained much lower than the
preoperative value (P < 0.01).

Meanwhile, the episcleral vessel density in the nasal
quadrant was 23.18% ± 1.16%, 15.40% ± 0.99%, 19.22% ±
0.92%, and 19.11% ± 0.70% before, 10 days, 1 month, and
3 months after surgery (F= 13.26, P < 0.01; Fig. 5b). These
findings are in agreement with those of a previous study
using angiography with fluorescein or indocyanine green
(FA and ICGA, respectively) [22], indicating that the vessel
remodelling continued for 3 months after surgery.

Reconstruction of limbal vasculature in the
operative area

Vascular loops were rarely observed in the postoperative
area at 10 days after surgery. The reconstruction of the
limbus vasculature began between 10 days and 1 month

after surgery. At 3 months, the distinct limbal vascular
loops were detected in all eyes, suggesting vascular remo-
delling of MCAs in the affected limbus and the subsequent
reconstruction.

Preoperative MCAs not quantified as distinctive vascular
loops in the affected cornea limbus could not be detected
due to pterygium. Quantification of MCA vessel density in
the operative area showed an increase with the time course
(F= 188.2, P < 0.01; Fig. 5c). The MCA vessel density was
28.33% ± 0.88% at 10 days. It gradually raised to 42.09% ±
0.41% (P < 0.01) at 1 month and 42.46% ± 0.31% (P <
0.01) at 3 months after surgery compared with 10 days
postoperative data. No significant difference in MCA vessel
density was found between the data at 1 and at 3 months.

Discussion

OCTA provides three-dimensional images, making it spe-
cific for assessment of the depth of a lesion or abnormal
vasculature with an optical axial resolution of 8 μm and
lateral resolution of 20 μm. Before the advent of OCTA,
FA, and ICGA could also be performed for imaging of the
anterior segment after intravenous administration of dye.

Fig. 2 Demonstration of slit-lamp images and OCTA scans in
patients with pterygium. Demonstration of pterygium in a slit-lamp
image (x16, a) and the respective OCTA B-scans (b) in the con-
junctival layer (c) and episcleral layer (d). Note the growing limbal

episcleral avascularity (stars), pterygium head (arrow heads) and
deteriorated or indistinctive vascular loops (arrows) in T1, T2, and T3
pterygium.
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However, because of the risk of adverse reactions to the
dyes and the long time needed for the examination, these
techniques are rarely used. Furthermore, OCTA has a great
potential use for monitoring changes in corneal vascular

areas. Previous studies have demonstrated that OCTA had a
good correlation with ICGA angiography in a rabbit model
when detecting corneal vascularisation [29, 30]. Similarly,
Cai et al. observed pronounced regression of corneal

Fig. 3 Demonstration of
OCTA scans of operative area
at 10 days after surgery.
Demonstration of the operative
area in a slit-lamp image (×25,
a) and the respective OCTA
scans in the conjunctival layer
(b) and episcleral layer (c) at
10 days after surgery. Note the
tortuous capillaries on the
borders of the autograft in the
conjunctival layer (arrow heads)
and the engorged reperfusion
vessels in the episcleral layer
(arrows).

Fig. 4 Demonstration of
the OCTA scans of the
autograft after surgery.
Demonstration of vascular
remodelling of the autograft in
the episclera at 10 days (a),
1 month (b), and 3 months (c)
after surgery from the same
patients. Note the fine tortuous
capillaries (arrow heads) at
10 days after surgery and
reconstruction of the MCA
(arrows) 1 and 3 months after
surgery.
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neovascularization in patients with herpetic keratitis after
subconjunctival bevacizumab injection using OCTA [31].
Moreover, the Topcon swept-source OCTA makes the
distinction of the conjunctival and episcleral layer possible,
based on a long wavelength of 1050 nm which penetrates
light-retaining tissues such as the sclera and limbus. We
thus applied the commercial swept-source OCTA to explore
the limbal vasculature before and after pterygium surgery.

Slit-lamp photos and OCTA conjunctive scans in our
study showed that the T3 pterygium head trespassed the
cornea limbus, and OCTA episcleral scans confirmed the
deteriorated vascular loops in the affected cornea limbus
beyond the head of the pterygium. These findings support
the idea that the pterygium originates from altered LSCs
[13] and the blood supply of the head of the pterygium
originates from the episcleral vessels, in agreement with
previous studies [17, 22]. The literature has demonstrated
that altered LSCs disrupt the Bowman’s layer and migrate
to the cornea [32, 33]. The migrated LSCs produce various
cytokines and growth factors, including VEGF [17],
resulting in neovascularization and remodelling of the
MCAs in the affected limbus.

In the era of limbal-conjunctival autografts, successful
treatment of pterygium depends on the complete removal of
altered LSCs and fibrovascular tissue and successful vas-
cular reperfusion of the autograft [20, 21]. A recent study
has applied OCTA using a wavelength of 840 nm on
evaluating prognosis of conjunctival graft following pter-
ygium excision [10]. They found reperfusion of the graft
began at 1 month but the surgery had no impact on the
episcleral bed at harvested region. Meanwhile, we have
demonstrated the presence of engorged vessels in the
adjacent episclera at 10 days after surgery during the vas-
cular remodelling of the graft, indicating that the tight
connection between the graft and episcleral tissue plays a
role in early reperfusion of the graft. The difference between
our results and theirs may be due to the long wavelength of

OCTA we used to better penetrate conjunctival and
episcleral structures. We also observed that the recon-
struction of limbal vascular loops began before 1 month
after surgery and continued for 3 months after surgery. The
increased vessel density of MCAs observed during the time
course after surgery supports the hypothesis that healthy
MCAs play a role in better protecting the ocular surface.
MCAs were formed by the recurrent conjunctival and
palisadal vessels [23, 34], comprising a network of bran-
ched interlinked elliptical loops supporting circumferential
blood flow in the corneal limbus [24]. A previous in vivo
study has demonstrated that the loss of the limbal micro-
vascular net blood supply led to a breakdown of limbal
function, and the limbal function was restored by blood
reperfusion of the limbal autograft [35]. As the vascular
microenvironment is essential for homoeostasis of the cor-
neal limbus, successful reconstruction of MCAs accounts
for healthy limbal function and prevents pterygium recur-
rence. Excessive cauterisation of the episcleral bed should
be avoided as it would delay reperfusion of the graft and
therefore result in graft failure [36]. In addition, intrao-
perative mitomycin C should be taken great caution as
increased concentration and duration of exposure to mito-
mycin C were reported of conjunctival avascularity and
delayed wound healing [20].

To our knowledge, this is a pilot clinical study to use
OCTA to evaluate the affected limbal vascularisation in
eyes with pterygium, suggesting that OCTA may serve as a
promising non-invasive imaging alternative to FA or ICGA.
Second, our work successfully demonstrated the angio-
graphic features of pterygium and the vascular remodelling
of the autograft and MCAs after pterygium excision. The
reconstruction of MCAs continued for up to 3 months,
consistent with previous findings. A delayed reconstruction
of MCAs might result in failure of the graft and then
recurrence of pterygium. As shown in our results, pter-
ygium has a characteristic centripetal pattern of vascular

Fig. 5 Quantification of vessel density on the nasal limbal area.
Vessel density in the conjunctival layer (a) and episcleral layer (b) and
vessel density of the MCA (c) on the nasal limbal area. Data are

presented as mean ± SEM. *Compared with presurgery data, P < 0.05;
**compared with presurgery data, P < 0.01; #compared with 10-day
post-op, P < 0.05; ##compared with 10-day post-op, P < 0.01.
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overgrowth which trespasses corneal limbus, while MCAs
are a vessel network consisted of complex anastomoses in
the corneal limbus. We believe that OCTA could therefore
be used for the postoperative follow-up of pterygium and
early detection of recurrent pterygium. However, anterior
OCTA scans also had some limitations: OCTA cannot
demonstrate vessel leakage and the sequence of flow, has a
limited field of view, and is more prone to artefacts than FA
or ICGA [37]. Future improvements in motion correction
and image processing are needed for further application of
OCTA in the ocular anterior segment. In conclusion, our
study implies the clinical usefulness of OCTA in in vivo
investigation of MCA alterations or limbal neovasculariza-
tion in various anterior segment diseases.

Summary

What was known before

● OCTA is used normally for retinal diseases; marginal
corneal vascular arcades play a role in sustaining corneal
limbal microenvironment.

What this study adds

● OCTA was used here for observing pterygium and
marginal corneal vascular arcades; marginal corneal
vascular arcades recovered at 3 months after pterygium
surgery, in concordance with clinical recovery.
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