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Abstract
Purpose To determine the efficacy of subconjunctival bevacizumab injection after pterygium excision with limbal conjunctival
autograft and limbal fixation suture.
Methods This retrospective study included a total of 150 eyes of 150 patients with primary pterygium who received three
different procedures after pterygium excision, i.e., 49 eyes with limbal conjunctival graft (group A), 48 eyes with limbal
conjunctival autograft with limbal fixation suture (group B), and 53 eyes with limbal conjunctival autograft with limbal fixation
suture followed by bevacizumab injection (group C). Image analysis was performed using preoperative anterior segment pho-
tographs to measure parameters including relative length, relative width, relative area, and vascularity index of pterygium.
Recurrence of pterygium was determined at 1 year after surgery, and outcomes were compared between the 3 groups. Risk
factors related to recurrence were evaluated using univariate and multivariate analyses.
Results Recurrence rates after 1 year were 18.4% (9/49), 8.3% (4/48), and 1.9% (1/53) in groups A, B, and C, respectively (P =
0.004). Multivariate analysis showed that patients in group C had significantly reduced risk of recurrence compared with those in
group A (P = 0.009), whereas the risk of recurrence was not significantly different between groups A and B (P = 0.227) and
groups B and C (P = 0.068), respectively. Among various parameters, higher vascularity index had significant correlation with
increased risk of recurrence (P = 0.008).
Conclusions Bevacizumab injection after limbal conjunctival autograft and limbal fixation suture may effectively reduce recur-
rence after pterygium excision. The vascularity of pterygium was associated with a higher risk of recurrence.
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Introduction

Pterygium is a wing-shaped fibrovascular tissue overgrowth of
conjunctiva that involves the corneal surface [1–4]. It can cause
cosmetic problems or serious visual impairment by involving

the visual axis or inducing significant astigmatism. In these
cases, surgical treatment is indicated [1–4]. However, simple
excision of pterygium is associated with a high rate of recur-
rence [5, 6]. Various adaptations of the surgical technique, such
as amniotic membrane transplantation, anterior lamellar kerato-
plasty, conjunctival and/or limbal autograft, and the application
of antimetabolites have been introduced to avoid recurrence [5,
7–12]. However, it is almost impossible to entirely eliminate
recurrence, which still remains a great challenge [5, 13].

Previously, we reported that limbal conjunctival autograft
transplantation with limbal fixation sutures could be effective
in reducing recurrence after pterygium excision [12]. As an-
giogenesis of the pterygium tissue may reflect its proliferative
activity associated with recurrence, reduction of angiogenesis
and fibroblast proliferation by anti-vascular endothelial
growth factor (VEGF) injection appears to be an intriguing
option for preventing recurrence [14–16]. Therefore, in addi-
tion to the limbal conjunctival autograft and limbal fixation
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suture, we postulated that postoperative anti-VEGF injection
may reduce the risk of pterygium recurrence by reducing an-
giogenesis and fibroblast proliferation.

In the present study, we evaluated the efficacy of
bevacizumab injection, an anti-VEGF agent, after pterygium
excision and limbal conjunctival autograft with limbal fixation
suture. We also determined the risk factors associated with
pterygium recurrence after surgery.

Methods

Ethics statement

This study was approved by the Institutional Review Board of
Kangwon National University Hospital and adhered to the
tenets of the Declaration of Helsinki.

Study participants

This retrospective study included 150 eyes of 150 consecutive
patients who underwent pterygium excision and limbal con-
junctival autograft at the Kangwon National University
Hospital between February 2014 and May 2018, and were
followed up for at least 1 year after surgery. After pterygium
excision, each patient received one of the following three pro-
cedures: (1) limbal conjunctival autograft only (group A), (2)
limbal conjunctival autograft with limbal fixation suture
(group B), and (3) limbal conjunctival autograft with limbal
fixation suture followed by bevacizumab injection at 1 week
after surgery (group C). Exclusion criteria included previous
pterygium excision, history of ocular surgery, history of ocular
trauma, connective tissue disorders, systemic vasculitis, glau-
coma, and diabetes mellitus [17, 18].

Surgical procedure

In all groups, pterygium excision and limbal conjunctival au-
tograft were performed under topical anesthesia using 0.5%
proparacaine hydrochloride (Alcaine®; Norvatis, Basel,
Switzerland) as previously described [7, 12]. All surgeries
were performed by one surgeon (S.B.H.). Briefly, the
pterygial body was excised using a Westcott scissor, and the
head was separated with a disposable Beaver Blade (Beaver
Visitec International, Waltham, MA, USA). Subconjunctival
fibrovascular tissue was thoroughly dissected. An autologous
limbal conjunctival graft harvested from the superotemporal
bulbar conjunctiva was placed onto the site where the pteryg-
ium had been removed, and then was secured to the adjacent
conjunctiva with interrupted 8-0 polyglactinsutures (Vicryl;
Ethicon) sutures in all patients. In group A, no additional
procedure was done.

In groups B and C, the limbal margin of the graft was fixed
at the donor limbus with a long circumferential interrupted 10-
0 nylon suture. This suture was removed 1 week after surgery.

In group C, subconjunctival bevacizumab injection was
also performed at the superior, inferior, and nasal area adjacent
to the graft (1.25 mg/0.05 ml to each area) immediately after
removal of the 10-0 nylon suture.

Postoperatively, topical levofloxacin 0.5% and predniso-
lone acetate 1% were applied 4 times a day for 1 month.

Image analyses

Anterior segment photographs (ASP) of the pterygium were
taken preoperatively at × 10 magnification using a Haag-Streit
BM 900 slit-lamp microscope (HAAG STREIT AG, Bern,
Switzerland) in combination with a digital camera (Canon
EOS 20D; Canon, Tokyo, Japan) as previously described
[17–19]. Slit beam lighting with maximum width (30 mm)
and 4 mm height of the beam at a 45° oblique angle
was used for anterior segment photography. The photo-
graphs were saved as a JPG file format (2544 × 1696
pixels, RGB) [17–19].

Image analysis using preoperative ASPs was performed as
previously described [17, 18]. Briefly, the length, width, and
area of the region of the cornea covered by pterygium were
calculated using the ImageJ software (ver. 1.48, National
Institutes of Health, Bethesda, MD, USA). The relative length
(RL) of pterygium (involving the cornea) was calculated by
dividing the length of pterygium, defined as the distance of the
horizontal line from the edge of pterygium head to the corneal
limbus, by horizontal corneal diameter. The relative width
(RW) of pterygium was calculated by dividing the width of
pterygium, which was determined as the distance between the
two points where pterygium intersects the corneal limbus, by
vertical corneal diameter. The relative area (RA) of pterygium
was calculated by dividing the area of the cornea involved by
pterygium by the area of the whole cornea [17, 18].

Vascularity index (VI) of the pterygium involving the cor-
nea was determined using an in-house software that uses the
contrast-limited adaptive histogram equalization (CLAHE) al-
gorithm which automatically extracts vasculature and scores
the degree of vascularity in numeric values ranging from 0 to
100 [17–19]. Briefly, the color image was converted to a gray
scale image, and contrast was enhanced using the CLAHE
algorithm. The image was then thresholded and divided into
background and red vessels, and VI was calculated as the ratio
of the number of pixels identified as vessels to the total num-
ber of pixels in each region [19, 20]. The region of pterygium
involving the cornea was manually marked as the region of
interest (ROI) from an ASP, and VI was automatically calcu-
lated by the software. Measurement using the CLAHE algo-
rithm was done by one ophthalmologist (HKY) who was
masked to the patient information.
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Main outcome measures

Recurrence rates at 1 year after pterygium excision were com-
pared among the three groups. Recurrence was defined as the
presence of fibrovascular tissue over the corneal limbus onto
the cornea at the area of prior pterygium excision [21, 22].
Factors associated with recurrence including age, sex, type of
surgery (group), and image parameters of pterygium, such as
RL, RW, RA, and VI, were determined.

Statistical analysis

Statistical analysis was performed using the SPSS software
version 20.0 (SPSS, Inc., Chicago, IL, USA). All continuous
variables were expressed as mean ± standard deviation (SD).
Recurrence rates were compared among the three groups
using one-way analysis of variance (ANOVA). Univariate
analysis and multivariate analysis using binary logistic regres-
sion analysis were performed to determine risk factors of re-
currence. P values of < 0.05 were considered statistically
significant.

Results

The study population comprised of 90 men (60.0%) and 60
women (40.0%), and the average age was 64.9 ± 11.2 years
(range, 37–88 years).

In comparison of the three groups, there were no significant
differences in age (P = 0.728) and sex (P = 0.913). Image pa-
rameters of pterygium were not significantly different among
the three groups including VI (P = 0.155), RL (P = 0.352),
RW (P = 0.276), and RA (P = 0.103) (Table 1).

Recurrence of pterygium within 1 year was found in 9
cases (18.4%) in group A (detected at 4 months in three, at
6 months in five, and at 9 months in one case), 4 cases (8.3%)
in group B (detected at 6 months in two and at 9 months in two
cases), and 1 case (1.9%) in group C (detected at 6 months),
which was significantly different among the three groups (P =
0.004). There was a significant difference in recurrence rates
between groups A and C (P = 0.006), although no significant
differences was found between groups A and B (P = 0.233)
and between groups B and C (P = 0.188), respectively
(Table 2). Complications such as cysts, graft retraction or de-
hiscence, ischemia, avascular bed, persistent epithelial defect,
or scleral melting were not found in any patient.

Univariate analysis showed that higher VI had significant
association with increased risk of recurrence (P = 0.026).
However, age, sex, RL, RW, and RA had no significant asso-
ciation with the risk of recurrence (Table 3).

In multivariate analysis, the type of surgery (group) (P =
0.025) and VI (P = 0.008) were significantly related to recur-
rence, whereas the associations between recurrence and age
(P = 0.073), RL (P = 0.791), RW (P = 0.784), or RA (P =
0.872) were not significant. Patients in group C showed a
0.049-fold (95% CI, 0.005–0.466) decreased risk of recur-
rence compared with those in group A (P = 0.009), whereas
there was no significant difference in recurrence rates between
groups A and B (P = 0.227), and groups B and C (P = 0.068),
respectively. Higher VI had a 1.089-fold (95% CI, 1.023–
1.160) increased risk of recurrence (P = 0.008) (Table 4).

Discussion

In the present study, we evaluated the efficacy of
subconjunctival bevacizumab injection after pterygium

Table 1 Comparison of clinical
characteristics between the three
groups

Variables Group A (N = 49) Group B (N = 48) Group C (N = 53) P value

Age (y) 65.9 ± 11.1 64.3 ± 12.7 64.3 ± 9.0 0.728*

Sex (M:F) 59%:41% (29:20) 58%:42% (28:20) 62%:38% (33:20) 0.913†

Vascularity index (VI, %) 25.6 ± 11.0 21.9 ± 11.9 26.4 ± 13.6 0.155*

Relative length (RL, %) 25.8 ± 9.8 23.2 ± 9.4 23.9 ± 8.8 0.352*

Relative width (RW, %) 48.5 ± 11.2 45.1 ± 10.2 47.1 ± 10.3 0.276*

Relative area (RA, %) 12.4 ± 5.7 10.3 ± 6.0 10.2 ± 5.4 0.103*

All data are expressed as mean ± SD or percentage, as appropriate

y, year; M, male; F, female;

Group A, limbal conjunctival autograft after pterygium excision.

Group B, limbal conjunctival autograft with limbal fixation suture after pterygium excision.

Group C, limbal conjunctival autograft with limbal fixation suture followed by bevacizumab injection after
pterygium excision.

*P value was calculated using one-way analysis of variance (ANOVA)
†P value was calculated using Pearson’s chi-square test
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excision and limbal conjunctival autograft with limbal fixation
suture (group C), by comparing the outcomes of pterygium
excision and limbal conjunctival autograft with limbal fixation
suture (groupB), and pterygium excisionwith limbal conjunc-
tival autograft alone (group A). Subconjunctival bevacizumab
injection after limbal conjunctival autograft with limbal fixa-
tion suture significantly reduced recurrence after pterygium
excision. We also determined that higher vascularity of pte-
rygium was associated with a higher risk of recurrence at
1 year after surgery [18], because prior studies showed that
almost all recurrences occur within a year [23, 24].

We used the ImageJ software for the determination of RL,
RW, and RA, which has been proved to be reliable for quan-
tification of length, width, and area of pterygium involving the
cornea [17, 18]. An in-house software using CLAHE algo-
rithm applied for the measurement of VI was also found to
be suitable for the quantification of conjunctival vasculariza-
tion using ASPs in our prior studies [17–20].

The resul ts of the present s tudy suggest tha t
subconjunctival injection of an anti-VEGF agent,

bevacizumab, following limbal conjunctival autograft with
limbal fixation suture (group C) may decrease the risk of re-
currence compared with limbal conjunctival autograft alone
after pterygium excision (groupA). However, simply adding a
limbal fixation suture after limbal conjunctival autograft did
not reduce the risk of recurrence (group B vs group A). These
results indicate that vascularity of the pterygium has signifi-
cant association with recurrence, which is in accordance with
our previous study [18].

High VEGF levels are detected in pterygial tissue, which is
known to play an important role in the progression of pteryg-
ium bymediating angiogenesis and fibrovascular proliferation
[25–27]. Thus, it can be postulated that increased vascularity
indicates active fibrovascular proliferation and abundant pro-
duction of VEGF and VEGF receptors (VEGFR), which
raises the risk of recurrence after pterygium excision [18].
Gumus et al. [28] revealed that overexpression of VEGFR
represents the clinical aggressiveness of pterygium and may
have a predictive value for recurrence. Detorakis et al. [29]
also demonstrated that VEGF-A expression had significant

Table 2 Comparison of recurrence rates among the three groups

Group A (N = 49) Group B (N = 48) Group C (N = 53) P value Pair-wise differences

Recurrence 9 (18.4%) 4 (8.3%) 1 (1.9%) 0.004* 0.233† (Group B vs Group A)
0.006† (Group C vs Group A)
0.188† (Group C vs Group B)

No recurrence 40 (81.6%) 44 (91.7%) 52 (98.1%)

Group A, limbal conjunctival autograft after pterygium excision.

Group B, limbal conjunctival autograft and limbal fixation suture after pterygium excision.

Group C, limbal conjunctival autograft and limbal fixation suture followed by bevacizumab injection after pterygium excision.

Recurrence, cases with recurrence at postoperative 1 year.

No recurrence, cases without recurrence at postoperative 1 year

*P value was calculated using linear-by-linear association among the three groups; †P value was calculated using Fisher’s exact test

Statistically significant factors are expressed in italics

Table 3 Univariate analysis of
potential risk factors for
pterygium recurrence

Variables Recurrence (n = 14) No recurrence (n = 136) P value

Age (y) 61.9 ± 10.3 65.2 ± 11.2 0.280*

Sex (M:F) 9 (64%):5 (36%) 81 (60%):55 (40%) 0.783†

Vascularity index (VI, %) 31.6 ± 13.2 23.9 ± 12.1 0.026*

Relative length (RL, %) 28.4 ± 9.5 23.9 ± 9.2 0.107*

Relative width (RW, %) 50.5 ± 10.3 46.5 ± 10.6 0.191*

Relative area (RA, %) 13.5 ± 6.4 10.7 ± 5.7 0.132*

All data are expressed as mean ± SD or percentage, as appropriate

y, year; M, male; F, female;

Recurrence, cases with recurrence at postoperative 1 year

No recurrence, cases without recurrence at postoperative 1 year

*P value was calculated using Student’s t test

†P value was calculated using Pearson’s chi-square test

Graefes Arch Clin Exp Ophthalmol



association with the aggressiveness and postoperative recur-
rence of pterygium. Lin et al. [30] showed that lymphatic
microvessel density was associated with the time to recurrence
after pterygium excision. The findings of Tan et al. [31] that
fleshy pterygia had a higher risk of recurrence than atrophic
ones also support our assumption.

The results of the present study suggest that postoperative
injection of anti-VEGF agents may reduce the risk of recur-
rence after pterygium excision, presumably by decreasing fi-
brovascular proliferation and vascular regeneration via inhibi-
tion of the activity of VEGF. Previous studies showed the
efficacy of topical or subconjunctival bevacizumab therapy
in preventing neovascularization [16, 32]. Topical
bevacizumab therapy for 1 month after surgical excision of
recurrent pterygium was effective to prevent neovasculariza-
tion [16]. Subconjunctival bevacizumab injection was effec-
tive in preventing recurrences after primary pterygium surgery
[33], as well as in reducing the size of recurrent pterygium
[34]. Recent meta-analysis studies concluded that adjuvant
treatment using bevacizumab showed a statistically significant
decrease in recurrence rates after pterygium surgery [35, 36].
However, several other reports suggested that subconjunctival
bevacizumab injection may have no effect on reducing pte-
rygium recurrence [37–39]. Further prospective studies with
larger population are necessary to determine the effect of
subconjunctival anti-VEGF injection on postoperative pteryg-
ium recurrence.

Limbal conjunctival autograft is known to reduce the risk
of recurrence compared with simple removal of pterygium [5,
10]. Our previous study suggested that a limbal fixation suture

combined with limbal conjunctival autograft could be more
effective in reducing the risk of recurrence after pterygium
excision compared with limbal conjunctival autograft alone
without limbal fixation suture [12]. In this study, a lower re-
currence rate was found in patients with limbal fixation suture
and limbal conjunctival autograft (group B) than those with
limbal conjunctival autograft alone (group A), although the
difference was not statistically significant in multivariate anal-
ysis. Meanwhile, addition of postoperative subconjunctival
bevacizumab injection together with limbal fixation suture
(group C) significantly decreased the risk of recurrence com-
pared with limbal conjunctival autograft alone (group A).
Therefore, we believe that subconjunctival bevacizumab in-
jection after limbal conjunctival autograft with limbal fixation
suture could be the most effective method for preventing re-
currence after pterygium excision as for now.

This study has the following limitations: First, the mean
age of 64.9 years in the study participants is relatively old.
Only two patients (1.3%) are ≤ 40 years old, and 15 (10%)
are ≤ 50 years old, which may cause bias in the evaluation of
the effect of age on recurrence. As young age is suggested to
be a risk factor of recurrence [40–45], further studies including
sufficient number of patients with younger age would be nec-
essary. Second, there is no guideline regarding the time point,
dosage, route of administration, or frequency of treatment
with anti-VEGF agents. In this study, we performed anti-
VEGF injection at the same time as we removed the limbal
fixation suture at 1 week after pterygium excision [12].
Although anti-VEGF injection of 3.75 mg (1.25 mg each for
superior, inferior, and nasal areas) at 1 week after surgery was
effective in the present study, the optimal time and dosage of
injection, as well as the indication, still remains uncertain.
Previous studies evaluated the effect of anti-VEGF injection
using various dosages, time points, and routes of administra-
tion. Singh et al. [46] showed that a single administration of
1.25 mg/0.05 mL subconjunctival bevacizumab 1 week prior
to surgery decreased the vascularity of neovascularization.
However, 1.25 mg/0.1 mL subconjunctival bevacizumab
injected immediately after surgery did not significantly pre-
vent recurrence [37], while twice the larger dose of 2.5 mg/
0.1 mL subconjunctival bevacizumab injection immediately
after surgery effectively prevented pterygium recurrence
[33]. A total of 7.5 mg bevacizumab (5 mg/0.2 mL on the
day of surgery and 2.5 mg/0.1 mL on the fourth day after
surgery) injection caused no adverse effect on early postoper-
ative wound healing [47], although there was no significant
effect on recurrence [39]. Meanwhile, in recurrent cases, triple
injections of 2.5 mg/0.1 mL subconjunctival bevacizumab
with a 2-week interval in the area of recurrent pterygium have
been suggested to be effective [34]. Not only injection but also
topical bevacizumab (5mg/mL or 25mg/mL) has shown to be
effective for preventing neovascularization after pterygium
excision or delaying recurrence of impending recurrent

Table 4 Multivariate analysis of potential risk factors for pterygium
recurrence

Variables Odds ratio (95% CI) P value*

Age 0.444 (0.896–1.005) 0.073

Group 0.025

Group B vs Group A 0.444 (0.119–1.656) 0.227

Group C vs Group A 0.049 (0.005–0.466) 0.009

Group C vs Group B 0.111 (0.011–1.173) 0.068

Vascularity index (VI) 1.089 (1.023–1.160) 0.008

Relative length (RL) 1.106 (0.902–1.145) 0.791

Relative width (RW) 1.103 (0.923–1.112) 0.784

Relative area (RA) 0.984 (0.813–1.192) 0.872

CI, confidence interval

Group A, limbal conjunctival autograft after pterygium excision.

Group B, limbal conjunctival autograft with limbal fixation suture after
pterygium excision.

Group C, limbal conjunctival autograft with limbal fixation suture follow-
ed by bevacizumab injection after pterygium excision.

*P value by multiple logistic regression analysis

Statistically significant factors are expressed in italics
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pterygium [16, 48, 49]. Up to now, there is no consensus on
the indications that justify the use of anti-VEGF agents and the
standard dose or frequency according to risk factors of recur-
rence. Therefore, we believe that prospective trials with a
larger population should be performed to evaluate the efficacy
of anti-VEGF therapy, and establish indications and standard
treatment regimens including dosage, time point, and route of
administration. Third, image analysis of anterior segment pho-
tographs can only measure vascularity of the ocular surface
level. Although vascularity of the pterygial surface is conceiv-
ably correlated with vascularity of the total pterygium tissue,
surface vascularity would have limited value for representing
the whole vascularity of a pterygium. Thus, future studies
using tools such as optical coherence tomography angiogra-
phy for more precise quantification of vascularity of the total
pterygial tissue would be helpful.

In conclusion, this study demonstrated that higher vascu-
larization was associated with an increased risk of recurrence
after pterygium excision. Subconjunctival injection of
bevacizumab after pterygium excision and limbal conjunctival
autograft with limbal fixation suture may be effective for
preventing pterygium recurrence.

Funding information This work was supported by the 2020 Kangwon
National University Hospital Grant and the Basic Science Research
Program through the National Research Foundation of Korea (NRF)
funded by the Minis t ry of Educa t ion (Gran t No. NRF-
2017R1D1A1B03029983).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was not required for this type of
study.

Financial disclosure The authors have no proprietary or commercial
interest in any materials discussed in this article.

References

1. Errais K, Bouden J, Mili-Boussen I, Anane R, Beltaif O, Meddeb
Ouertani A (2008) Effect of pterygium surgery on corneal topogra-
phy. Eur J Ophthalmol 18:177–181

2. Demirok A, Simsek S, Ozdemir M, Turkiye V (2005) Effect of
pterygium surgery on corneal topography. Cornea 24:505–506

3. Bahar I, Loya N, Weinberger D, Avisar R (2004) Effect of pteryg-
ium surgery on corneal topography: a prospective study. Cornea 23:
113–117

4. Tomidokoro A, Miyata K, Sakaguchi Y, Samejima T, Tokunaga T,
Oshika T (2000) Effects of pterygium on corneal spherical power
and astigmatism. Ophthalmology 107:1568–1571

5. Ozer A, YildirimN, Erol N, Yurdakul S (2009) Long-term results of
bare sclera, limbal-conjunctival autograft and amniotic membrane
graft techniques in primary pterygium excisions. Ophthalmologica
223:269–273

6. Young AL, Leung GY, Wong AK, Cheng LL, Lam DS (2004) A
randomised trial comparing 0.02% mitomycin C and limbal con-
junctival autograft after excision of primary pterygium. Br J
Ophthalmol 88:995–997

7. Han SB, Yang HK, Hyon JY, Wee WR (2015) Conjunctival meta-
plasia after pterygium excision and limbal autograft. OptomVis Sci
92:324–328

8. Oguz H, Kilitcioglu A, Yasar M (2006) Limbal conjunctival mini-
autografting for preventing recurrence after pterygium surgery. Eur
J Ophthalmol 16:209–213

9. Frau E, Labetoulle M, Lautier-Frau M, Hutchinson S, Offret H
(2004) Corneo-conjunctival autograft transplantation for pterygium
surgery. Acta Ophthalmol Scand 82:59–63

10. Al Fayez MF (2002) Limbal versus conjunctival autograft trans-
plantation for advanced and recurrent pterygium. Ophthalmology
109:1752–1755

11. Miyai T, Hara R, Nejima R, Miyata K, Yonemura T, Amano S
(2005) Limbal allograft, amniotic membrane transplantation, and
intraoperat ive mitomycin C for recurrent pterygium.
Ophthalmology 112:1263–1267

12. Han SB, Hyon JY, Hwang JM,WeeWR (2012) Efficacy and safety
of limbal-conjunctival autografting with limbal fixation sutures af-
ter pterygium excision. Ophthalmologica 227:210–214

13. Torres-Gimeno A, Martinez-Costa L, Ayala G (2012) Preoperative
factors influencing success in pterygium surgery. BMCOphthalmol
12:38

14. Hu Q, Qiao Y, Nie X, Cheng X, Ma Y (2014) Bevacizumab in the
treatment of pterygium: a meta-analysis. Cornea 33:154–160

15. Lekhanont K, Patarakittam T, Thongphiew P, Suwan-apichon O,
Hanutsaha P (2012) Randomized controlled trial of subconjunctival
bevacizumab injection in impending recurrent pterygium: a pilot
study. Cornea 31:155–161

16. Ozgurhan EB, Agca A, Kara N, Yuksel K, Demircan A, Demirok A
(2013) Topical application of bevacizumab as an adjunct to recur-
rent pterygium surgery. Cornea 32:835–838

17. Han SB, Jeon HS, KimM, Lee SJ, Yang HK, Hwang JM, Kim KG,
Hyon JY, Wee WR (2016) Quantification of astigmatism induced
by pterygium using automated image analysis. Cornea 35:370–376

18. Han SB, Jeon HS, KimM, Lee SJ, Yang HK, Hwang JM, Kim KG,
Hyon JY, Wee WR (2016) Risk factors for recurrence after pteryg-
ium surgery: an image analysis study. Cornea 35:1097–1103

19. Park IK, Chun YS, Kim KG, Yang HK, Hwang JM (2013) New
clinical grading scales and objective measurement for conjunctival
injection. Invest Ophthalmol Vis Sci 54:5249–5257

20. Yang HK, Han SB, Hwang JM (2014) Diclofenac versus
fluorometholone after strabismus surgery in children. Br J
Ophthalmol 98:734–738

21. Tsim NC, Young AL, Jhanji V, HoM, Cheng LL (2015) Combined
conjunctival rotational autograft with 0.02% mitomycin C in pri-
mary pterygium surgery: a long-term follow-up study. Br J
Ophthalmol 99:1396–1400

22. Kandavel R, Kang JJ, Memarzadeh F, Chuck RS (2010)
Comparison of pterygium recurrence rates in Hispanic and white
patients after primary excision and conjunctival autograft. Cornea
29:141–145

23. Koranyi G, Artzen D, Seregard S, Kopp ED (2012) Intraoperative
mitomycin C versus autologous conjunctival autograft in surgery of
primary pterygium with four-year follow-up. Acta Ophthalmol 90:
266–270

Graefes Arch Clin Exp Ophthalmol



24. Hirst LW, Sebban A, Chant D (1994) Pterygium recurrence time.
Ophthalmology 101:755–758

25. Lee DH, Cho HJ, Kim JT, Choi JS, Joo CK (2001) Expression of
vascular endothelial growth factor and inducible nitric oxide syn-
thase in pterygia. Cornea 20:738–742

26. Chao SC, Hu DN, Yang PY, Lin CY, Yang SF (2011)
Overexpression of urokinase-type plasminogen activator in pteryg-
ia and pterygium fibroblasts. Mol Vis 17:23–31

27. Liu W, Sha X, Wen Y, Zhao W, Luo W, Hua Z (2014) Effect of
Avastin on themigration and invasion of pterygium fibroblasts. Eye
Sci 29:214–218

28. Gumus K, Karakucuk S, Mirza GE, Akgun H, Arda H, Oner AO
(2014) Overexpression of vascular endothelial growth factor recep-
tor 2 in pterygia may have a predictive value for a higher postoper-
ative recurrence rate. Br J Ophthalmol 98:796–800

29. Detorakis ET, Zaravinos A, Spandidos DA (2010) Growth factor
expression in ophthalmic pterygia and normal conjunctiva. Int J
Mol Med 25:513–516

30. Lin H, Luo L, Ling S, Chen W, Liu Z, Zhong X, Wu C, Chen W,
Liu Y (2013) Lymphatic microvessel density as a predictive marker
for the recurrence time of pterygium: a three-year follow-up study.
Mol Vis 19:166–173

31. Tan DT, Chee SP, Dear KB, Lim AS (1997) Effect of pterygium
morphology on pterygium recurrence in a controlled trial compar-
ing conjunctival autografting with bare sclera excision. Arch
Ophthalmol 115:1235–1240

32. Teng CC, Patel NN, Jacobson L (2009) Effect of subconjunctival
bevacizumab on primary pterygium. Cornea 28:468–470

33. Nava-Castaneda A, Olvera-Morales O, Ramos-Castellon C,
Garnica-Hayashi L, Garfias Y (2014) Randomized, controlled trial
of conjunctival autografting combined with subconjunctival
bevacizumab for primary pterygium treatment: 1-year follow-up.
Clin Exp Ophthalmol 42:235–241

34. Nava-Castaneda A, Ulloa-Orozco I, Garnica-Hayashi L,
Hernandez-Orgaz J, Jimenez-Martinez MC, Garfias Y (2015)
Triple subconjunctival bevacizumab injection for early corneal re-
current pterygium: one-year follow-up. J Ocul Pharmacol Ther 31:
106

35. Zeng W, Liu Z, Dai H, Yan M, Luo H, Ke M, Cai X (2017) Anti-
fibrotic, anti-VEGF or radiotherapy treatments as adjuvants for pte-
rygium excision: a systematic review and network meta-analysis.
BMC Ophthalmol 17:211

36. Sun Y, ZhangB, Jia X, Ling S, Deng J (2018) Efficacy and safety of
bevacizumab in the treatment of pterygium: an updated meta-
analysis of randomized controlled trials. J Ophthalmol 2018:
4598173

37. Shenasi A, Mousavi F, Shoa-Ahari S, Rahimi-Ardabili B, Fouladi
RF (2011) Subconjunctival bevacizumab immediately after

excision of primary pterygium: the first clinical trial. Cornea 30:
1219–1222

38. Razeghinejad R, Banifatemi M, Hosseini H (2013) The effect of
different doses of subconjunctival bevacizumab on the recurrence
rate of excised primary pterygium. Bull Soc Belge Ophtalmol:13–
20

39. Razeghinejad MR, Banifatemi M (2014) Subconjunctival
bevacizumab for primary pterygium excision; a randomized clini-
cal trial. J Ophthalmic Vis Res 9:22–30

40. Fernandes M, Sangwan VS, Bansal AK, Gangopadhyay N, Sridhar
MS, Garg P, Aasuri MK, Nutheti R, Rao GN (2005) Outcome of
pterygium surgery: analysis over 14 years. Eye (Lond) 19:1182–
1190

41. Chen PP, Ariyasu RG, Kaza V, LaBree LD,McDonnell PJ (1995) A
randomized trial comparing mitomycin C and conjunctival auto-
graft after excision of primary pterygium. Am J Ophthalmol 20:
151–160

42. Mutlu FM, Sobaci G, Tatar T, Yildirim E (1999) A comparative
study of recurrent pterygium surgery: limbal conjunctival autograft
transplantation versus mitomycin C with conjunctival flap.
Ophthalmology 106:817–821

43. Lewallen S (1989) A randomized trial of conjunctival autografting
for pterygium in the tropics. Ophthalmology 96:1612–1614

44. Manning CA, Kloess PM, Diaz MD, Yee RW (1997) Intraoperative
mitomycin in primary pterygium excision. A prospective, random-
ized trial. Ophthalmology 104:844–848

45. Sharma A, Gupta A, Ram J, Gupta A (2000) Low-dose intraoper-
ative mitomycin-C versus conjunctival autograft in primary pteryg-
ium surgery: long term follow-up. Ophthalmic Surg Lasers 31:301–
307

46. Singh P, Sarkar L, Sethi HS, Gupta VS (2015) A randomized con-
trolled prospective study to assess the role of subconjunctival
bevacizumab in primary pterygium surgery in Indian patients.
Indian J Ophthalmol 63:779–784

47. Banifatemi M, Razeghinejad MR, Hosseini H, Gholampour A
(2011) Bevacizumab and ocular wound healing after primary pte-
rygium excision. J Ocul Pharmacol Ther 27:17–21

48. Fallah MR, Khosravi K, Hashemian MN, Beheshtnezhad AH,
Rajabi MT, Gohari M (2010) Efficacy of topical bevacizumab for
inhibiting growth of impending recurrent pterygium. Curr Eye Res
35:17–22

49. Wu PC, Kuo HK, Tai MH, Shin SJ (2009) Topical bevacizumab
eyedrops for limbal-conjunctival neovascularization in impending
recurrent pterygium. Cornea 28:103–104

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Graefes Arch Clin Exp Ophthalmol


	Efficacy of bevacizumab injection after pterygium excision and limbal conjunctival autograft with limbal fixation suture
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Ethics statement
	Study participants
	Surgical procedure
	Image analyses
	Main outcome measures
	Statistical analysis

	Results
	Discussion
	References


