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Comparison of fibrin glue and Vicryl sutures in conjunctival
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Purpose: To compare clinical parameters and the tear levels of inflammatory cytokines between pterygium surgery
using sutures or fibrin glue.

Methods: Fifty-six patients with primary pterygium were divided into the suture group and the glue group, in which
the autograft was secured with 10—0 Vicryl sutures and fibrin glue, respectively. A questionnaire, slit-lamp examina-
tion, Schirmer test, and visual acuity test were performed in all participants. Real-time quantitative PCR (q-PCR) was
used to analyze the expression of genes in pterygium and healthy conjunctival tissues. Based on the qPCR results and
literature reports, five inflammatory cytokines, including hepatocyte growth factor (HGF), fibroblast growth factor 2
(FGF2), transforming growth factor-p1 (TGF-f1), matrix metalloproteinase 2 (MMP2), and tumor necrosis factor-a
(TNF-a), were selected, and their protein levels were measured with enzyme-linked immunosorbent assay (ELISA) in
patient tears before surgery as well as at postoperative day 1, 7, and 30.

Results: There are 28 patients in either the suture or the glue group. The average duration of surgery was 20.17 + 3.23
min for the glue group and 32.42 + 4.47 min for the suture group (p = 0.000). Visual acuity in both groups was improved
(p = 0.002) after the surgical procedures. There were more symptoms in the suture group than in the glue group at post-
operative day 7 (p = 0.002). Postoperative symptoms disappeared in both groups at 1 month after surgery. Recurrence
was observed in one case in the glue group and in two cases in the suture group at the 6 month postoperative follow-up
(p = 0.714). In comparison to the preoperative levels (4.33 + 0.43 ng/ml for the suture group; 4.20 + 0.26 ng/ml for the
glue group), the levels of TNF-a in tears increased in the suture group (5.02 + 0.49 ng/ml, p = 0.016) and decreased in
the glue group (3.84 + 0.35 ng/ml, p = 0.052) on postoperative day 1. The glue treatment induced higher HGF produc-
tion (4.78 £ 1.25 ng/ml) than the suture treatment (3.04 + 1.18 ng/ml) at postoperative day 1 (p = 0.020). Higher levels
of TGF-P1 in the glue group were detected at postoperative day 1 (3.71 + 0.18 ng/ml) and postoperative day 30 (4.50 +
0.51 ng/ml), compared to those in the suture group, respectively (2.74 + 0.21 ng/ml, p = 0.000 for day 1; 3.36 + 0.96 ng/
ml, p = 0.017 for postoperative day 30).

Conclusions: Fibrin glue is effective and safe for attaching conjunctival autografts with an easy surgical procedure,
shortened operating time, and less postoperative discomfort. In the early postoperative period, the protein expression
of inflammatory cytokines implicates that fibrin glue may induce accelerated healing and subdued inflammation on the
ocular surface compared to sutures.
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Pterygium is a common and degenerative ocular surface
disorder characterized by the invasion of fibrovascular tissue
from the bulbar conjunctiva onto the cornea. Pterygium
causes chronic ocular irritation, tear film disturbance,
induced astigmatism, and deteriorated vision secondary
to growth over the visual axis [1]. The main treatment for
pterygium is surgical excision. Conjunctival autografting has
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been shown to be the best surgical technique with low rates
of recurrence and complication, and is usually reserved for
patients with recurrence or at an advanced stage of disease
to preserve the remaining healthy conjunctiva [2]. Therefore,
conjunctival autografting is emerging as a superior procedure
compared to other pterygium surgeries, such as amniotic
membrane transplantation [2]. The conjunctival autograft is
a critical part in surgical management of pterygium. The graft
can be secured with either sutures or fibrin glue. Clinical
studies have compared the outcomes of using sutures with
those in which fibrin glue is used during surgery [3]. The
evaluation parameters include the duration of the surgery,
postoperative discomfort, and recurrence rate.
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However, to the best of our knowledge, no human studies
have compared inflammatory responses on the ocular surface
following conjunctival autografting in pterygium surgery
entailing Vicryl sutures or fibrin glue. Therefore, in this study
we determined the inflammatory factors in tears, aiming
to investigate the molecular mechanisms underlying the
clinical parameters measured after conjunctival autografting
pterygium surgery using Vicryl sutures or fibrin glue. In
addition, recent studies have reported that stem cell-related
factors, such as vascular endothelial growth factor (VEGF),
are expressed in the pterygial epithelium [4] and play impor-
tant roles in inflammation and angiogenesis. Therefore,
in addition to the inflammatory cytokines, we compared
changes in the expression of stem cell-related factors in tears
that might affect the healing process following pterygium
excision.

METHODS

Subjects: This prospective study recruited 56 primary
pterygium patients admitted to Tianjin Medical University
Eye Hospital (Tianjin, China) between February 2014 and
March 2015. In the study, pterygium size and morphology
were assessed by the same surgeon. Pterygium size was
measured as the longest diameter from the limbus to the
head of the pterygium. The inclusion criterion was primary
pterygium confined between the corneal limbus and the
papillary margin. The minimum size of the pterygium was
1.50 mm and the maximum 3.20 mm. Patients with a history
of ocular trauma, ocular surgery, dry eye and keratitis, recur-
rent pterygium, and symblepharon or history suggestive of
any hypersensitivity to human blood products were excluded.
Written informed consent was obtained from the participants.
Comprehensive information about the participants was
collected, including age, sex, and medical and ocular history.
Conventional ocular examinations, such as visual acuity, slit-
lamp examination, and anterior segment photography, were
performed. The patients were then randomly divided into
two groups, in which pterygium excision and conjunctival
autografting were performed by the same surgeon following
standard procedures. In the suture group (n = 28), the auto-
graft was secured with 10—0 Vicryl sutures; whereas in the
glue group (n = 28), the autograft was secured with fibrin
glue. All the procedures and the informed consent form in
this study were approved by the institutional review board at
Tianjin Medical University Eye Hospital, Tianjin, China. All
performed procedures adhered to the tenets of the Declaration
of Helsinki and the ARVO statement on human subject.

Surgical procedures: The eye to be operated on was prepared
according to standard sterile ophthalmic procedures, and
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0.5% proparacaine hydrochloride drops (Alcon, Missis-
sauga, Canada) were topically applied. The eye was exposed
using a lid speculum. The surgery was performed under an
operating microscope. The area to be excised was marked,
and 1% lidocaine hydrochloride with 1:100,000 epinephrine
(AstraZeneca, Mississauga, Canada) was injected subcon-
junctivally beneath the pterygium body to prevent excessive
bleeding. The pterygium head was excised from the cornea
with a sharp blade, and the pterygium was separated from
the underlying sclera and the surrounding conjunctiva with
blunt and sharp dissections. The pterygium body along with
the underlying tendons were excised with scissors. The
wound bed was scraped to clean the cornea and the sclera,
and bleeding vessels were cauterized using a cauterization
device. The area of the conjunctival defect was measured with
a caliper. A conjunctival autograft of the same size was care-
fully obtained from the superior bulbar conjunctiva without
generating buttonholes. The conjunctival graft was placed
after the pterygium excision to cover the bare sclera, with
the epithelium side facing up and the limbal edge toward the
limbus.

In the suture group, the conjunctival graft was secured
with eight interrupted 10/0 nylon sutures; in the glue group,
the autograft was attached to the sclera with fibrin glue
(Fibrin Sealant (Human), Shanghai, China) as described by
Kornayi and associates [5]. The duration of the surgery was
recorded from the marking of the pterygium to the removal
of the lid speculum.

Tobradex (tobramycin and dexamethasone ophthalmic
suspension) ointment (S.A. Alcon-Couvreur N.V., Puurs,
Belgium) was applied after surgery in both groups; the eye
was closed with gauze. All patients were treated with fluo-
rometholone eye drops (Santen Inc., Osaka, Japan) 4 times
daily for 1 week, and then the eye drop dosage was tapered
over the next 3 weeks. In addition, levofloxacin (Santen Inc)
and pranoprofen (Senju Pharmaceutical Ltd., Osaka, Japan)
were used for 1 month. The sutures were removed at 7-10
days following the surgery.

Sample collection for gene expression analyses: The 56
pterygium samples were collected with informed consent
from both groups of patients. The conjunctiva samples were
harvested with informed consent from the upper bulbar
conjunctiva of seven patients with cataracts who did not have
pterygium and pinguecula and had undergone extracapsular
cataract extraction surgery. The age and sex ratio of these
seven patients did not differ significantly from those of the
patients with pterygium. The conjunctival samples were 2.5
x 2.5 mm?. All the collected samples were stored at =80 °C.
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Evaluation of the ocular surface: All patients were examined
by the same ophthalmologist before and on postoperative day
1, 7, 30, and 180. During each follow-up examination, the
patients’ discomfort was assessed with a questionnaire; the
autograft and the ocular surface were examined under a slit-
lamp. Schirmer and visual acuity tests were performed. At
the final follow-up at 6 months after surgery, the incidence
of recurrence was recorded.

Tear sample collection: Before surgery and on postoperative
day 1, 7, and 30, 20 pl basal tear samples were collected with
2-ul microcapillaries (Drummond Scientific Co, Broomall,
PA) from the inferior meniscus without anesthesia. The
collected tears were immediately transferred to a 0.6-ml
microcentrifuge tube and stored at —80 °C until further
analysis.

RNA extraction and real-time quantitative PCR: RNA
was extracted, and real-time quantitative PCR (qPCR)
was performed as previously described [6-8]. Briefly, total
RNA was extracted from the pterygium and conjunctival
samples collected during the surgeries using TRIzol reagent
(Life Technologies, Carlsbad, CA), and 1 pg of the total
RNA was reverse transcribed using SuperScript II Reverse
Transcriptase (Life Technologies) and oligo d(T)18 primer.
The gene-specific primers were selected according to the
literature to analyze the expression of 17 inflammatory
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cytokine genes, including /L-2, IL-4, IL-10, VEGF, IL-1p,
TGF-p1, TNF-a, IL-6, MMP2, FGF2, HGF, ICAM-1, ILI-o,
MMP9Y, IL-8, IL-37, and IL-38; the GAPDH gene served as the
internal standard (Table 1). gPCR was performed in a final
volume of 8 pul containing 2 ul cDNA template, 2 pl target
gene-specific primers, and 4 ul SYBR Green 2X Master Mix
(Roche, Branford, CT) in a HT7900 Real-Time PCR System
(Applied Biosystem, Foster City, CA). The standard curves
served as positive controls. All primers for the 17 inflamma-
tory cytokines demonstrated similar priming efficiencies to
those of the internal standard GAPDH gene. The reactions
using water as templates served as negative controls. The
program was composed of 2 min preincubation at 50 °C,
10 min denaturation at 95 °C, followed by 40 cycles of 15 s
denaturation at 95 °C and 1 min annealing and extension at
60 °C. A dissociation stage was added to check the amplicon
specificity. The relative expression levels of the inflammatory
cytokines were analyzed using a comparative threshold cycle
(2724¢Yy method. The experiment was repeated three times.

Measurement of inflammatory cytokine levels in tears: Based
on the qPCR results and literature reports, five inflammatory
factors, including HGF, FGF2, TGF-$1, MMP2 and TNF-a,
were selected for further analysis of protein levels in tear
samples as previously described [9]. The samples were diluted
tenfold with assay diluent. The protein concentrations of the

TABLE 1. THE PRIMERS USED FOR GENE EXPRESSION ANALYSES IN THIS STUDY.

g::;ol GeneID OMIM Forward primers Reverse primers

1L-2 3558 147680 GCCCAAGAAGGCCACAGAA GCACTTCCTCCAGAGGTTTGAG
1IL-4 3565 147780 TGGGTCTCACCTCCCAACTG GCCGGCACATGCTAGCA

IL-10 3586 124092 GAGGCTACGGCGCTGTCA TCCACGGCCTTGCTCTTG

VEGF 7422 192240 CCCACTGAGGAGTCCAACATC CTTGCCCCACTTCCCAAA

IL-1B 3553 147720 ACGATGCACCTGTACGATCACT CACCAAGCTTTTTTGCTGTGAGT
TGF-p1 7040 190180 GCAGGCACTGGAGGATATTCA GCTTTGCCTGCCTTGATGTT
TNF-a 7124 191160 TGCTCCTCACCCACACCAT GGAGGTTGACCTTGGTCTGGTA
IL-6 3569 147620 GCTGCAGGCACAGAACCA GCTGCGCAGAATGAGATGAG
GAPDH 2597 138400 ATGGAAATCCCATCACCATCTT CGCCCCACTTGATTTTGG
MMP2 4313 120360 CGTCTGTCCCAGGATGACATC ATGTCAGGAGAGGCCCCATA
FGF2 2247 134920 TGGTATGTGGCACTGAAACGA GCCCAGGTCCTGTTTTGGAT
HGF 3082 142409 TCCACGGAAGAGGAGATGAGA GGCCATATACCAGCTGGGAAA
ICAM-1 3383 147840 GCTCCTGCCTGGGAACAA TGGCTATCTTCTTGCACATTGC
IL1-a 3552 147760 TTGCCCATCCAAACTTGTTTATT CCCCCCTGCCAAGCA

MMP9 4318 120361 CGCCAGTCCACCCTTGTG CAGCTGCCTGTCGGTGAGA
IL-8 3576 146930 CTGGCCGTGGCTCTCTTG CTTGGCAAAACTGCACCTTCA
1L-37 27178 605510 CACCCCGGATGGTTCATC GTCACCCCAACAGGCTCATT
IL-38 84639 615296 CCCTACAGCTGGAGGATGTGA GAAGCGTGTGGCCTCTTCA
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TABLE 2. AGE, GENDER OF THE PATIENTS, AND PTERYGIUM GROWTH TIME IN THE STUDY GROUPS.

Demographics Suture (n=28) Glue (n=28) P

Age (y) 58.3249.19 60.67+9.49 0.351
Gender (M/F) 15/13 16/12 0.793
Pterygium growth time (m) 12.33£12.60 11.78+14.32 0.901
Pterygium size (mm) 2.21+0.58 2.37+0.68 0.348

Note: The patients’ age, pterygium growth time and size were expressed as Mean + SD.

five inflammatory cytokines were determined with enzyme-
linked immunosorbent assay (ELISA) kits purchased from
R&D Systems (Minneapolis, MN; HGF: Cat# DHGO00; FGF2:
Cat# DFB50; TGF-p1: Cat# DB11B; MMP2: Cat# MMP200;
TNF-a: Cat# DTAO0C) according to the manufacturer’s
protocols. Briefly, a monoclonal antibody specific to the
target protein was precoated on a 96-well microplate. After
the target protein in the samples was bound to the precoated
antibody on the plate, an enzyme-linked polyclonal (for
detecting HGF, TGF-B1, MMP2, and TNF-a) or monoclonal
(for detecting FGF2) antibody was added to sandwich the
immobilized target protein. Then the colorimetric substrates
were used for measurement and quantification. The standard
curves served as the positive controls for the ELISAs, and the
diluent was included as the negative control for each assay.
The optical density was measured at 450 nm with correction
at 540 nm with an Infinite 200 PRO Multimode Microplate
Reader (Tecan Group Ltd., Mannedorf, Switzerland). The
final concentrations of the target proteins were calculated
based on the standard curves and adjusted by the dilution
factor. The measurement of the protein levels of each inflam-
matory cytokine in tears was repeated three times.

Statistical analysis: Statistical analyses were performed
using Statistical Program for Social Sciences 19.0 (IBM SPSS
Inc., New York, NY). All data were expressed as the mean
+ standard error of the mean (SEM) and examined with the
D’Agostino-Pearson omnibus normality test. The data with
a Gaussian distribution were examined with the Levene test
to confirm homogeneity of variance. The gPCR data were
analyzed with the two-tailed Student # test; the protein levels
of the inflammatory cytokines in the tears were analyzed
with two-way ANOVA followed by Tukey’s post hoc test.
The data with nonparametric distribution were analyzed with
the Wilcoxon rank sum test. P values of less than 0.05 were
considered statistically significant.

RESULTS

Patient demographics: The suture group and the glue group
each contains 28 patients. There were 15 men (53.57%) and
13 women (46.43%) in the suture group. The average age of
the patients in this group was 58.32 = 9.19 years. The average
growth period of pterygium was 12.33 £ 12.60 years. The
average size of the pterygium was 2.21 £+ 0.58 mm (Table 2).
In the glue group, there were 16 men (57.14%) and 12 women
(42.86%). The average age of the patients was 60.67 + 9.49
years. The average growth period of the pterygium was 11.78
+ 14.32 years. The average size of the pterygium was 2.37
+ 0.68 mm (Table 2). The patients’ age (p = 0.351), sex ratio
(p = 0.793), and growth period of pterygium (p = 0.901) and
pterygium size (p = 0.348) did not differ statistically signifi-
cantly between the two groups.

Comparison of ocular discomfort before and after surgery:
Ocular discomfort before surgery was similar between the
two groups; however, discomfort was present in all patients
at all time points after surgery (Figure 1). On postopera-
tive day 1, the sensation of a foreign body was reported by
21 (75.00%) patients, and pain was present in 24 (85.71%)
patients in the suture group; whereas in the glue group, only
eight (28.57%) patients reported the sensation of a foreign
body, and 13 patients (46.43%) felt pain (the suture group vs
the glue group, p = 0.000 for sensation of a foreign body; p =
0.002 for pain (Figure 1A,B). In addition, at this time point,
blurred vision was reported by seven (25.00%) patients in
the glue group and 12 (42.86%) patients in the suture group
(p = 0.164 the suture group vs the glue group; Figure 1C).
On postoperative day 7, the sensation of a foreign body was
still a major complaint for 15 (53.57%) patients in the suture
group, whereas only three (10.71%) patients in the glue group
(p = 0.002, the suture group versus the glue group, Figure
1A). As for the number of symptoms, on postoperative day
1, six and seven symptoms were observed in the suture and
glue groups, respectively (p = 0.106). On postoperative day 7,
more symptoms were observed in the suture group than in the
glue group (p = 0.002). On postoperative day 30, the number
of symptoms decreased to (p = 0.187 for the suture group; p
= 1.000 for the glue group; Figure 1).

278


http://www.molvis.org/molvis/v23/275

Molecular Vision 2017; 23:275-285 <http:/www.molvis.org/molvis/v23/275>

The average duration of surgery was 32.42 + 4.47 min
for the suture group and 20.17 + 3.23 min for the glue group
(Table 3). This difference was statistically significant (p
= 0.000). The use of fibrin glue statistically significantly
reduced the duration of the surgery as reported in the
literature [3]. Visual acuity in both groups after surgery was
statistically significantly improved compared to that before
surgery (after surgery versus before surgery, p = 0.002 for
the suture group; p = 0.003 for the glue group, Table 3). The
results of the Schirmer test, an indicator of tear secretion,
did not change statistically significantly within either group
(after surgery versus before surgery, p = 0.794 for the suture
group; p = 0.727 for the glue group, Table 3) before and after
surgery. Moreover, recurrence of the pterygium was recorded
in these patients. One case of recurrence was noted in the glue
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group, whereas two were found in the suture group at the end
of the 6-month postoperative follow-up period (p = 0.714, the
suture group versus the glue group, Table 3). Dellen of the
graft was noted in one case in the glue group but in two cases
in the suture group (p = 0.714, the suture group versus the
glue group, Table 3). There was no graft loss in either group.

Expression of inflammatory cytokine genes in conjunctival
and pterygium tissues: The expression of 17 inflammatory
cytokine genes, including IL-2, IL-4, IL-10, VEGF, IL-1p,
TGF-p1, TNF-a, IL-6, MMP2, FGF2, HGF, ICAM-1, ILI-a,
MMP9, IL-8, IL-37, and IL-38, was examined with qPCR in
the pterygium (n = 56) and healthy conjunctival (n = 7) tissues
collected during surgery. The results showed that the mRNA
levels of TGF-$1 and MMP?2 were statistically significantly
increased in the pterygia compared to those in the healthy
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TABLE 3. THE CLINICAL PARAMETERS OF SUTURE AND GLUE GROUPS DURING FOLLOW-UP.

Clinical parameters Suture (n=28) Glue (n=28) P
Surgery time (min) 32.42+4.47 20.17+3.23 0.000
Visual acuity

Before surgery 0.66+0.28 0.57+0.25 0.210
D 30 post surgery 0. 89+0.26 0.78+0.26 0.133
Schirmer test (mm)

Before surgery 13.75+2.50 13.77+1.93 0.973
D 30 post surgery 13.92+2.34 13.95+1.91 0.958
Recurrence 2 (7.14%) 1 (3.6%) 0.714
Dellen 2 (7.14%) 1(3.6%) 0.714

Note: The surgical time, patients’ vision, and the results of Schirmer test were expressed as Mean £ SD.

conjunctiva (p = 0.005 for TGF-B1; p = 0.037 for MMP2;
Figure 2), suggesting the important roles of these two inflam-
matory cytokines in pterygium pathology. However, no statis-
tically significant difference in the transcript levels of other
inflammatory cytokines was found between the pterygium
and conjunctival tissues (all p > 0.05; Figure 2). Therefore,
TGF-B1 and MMP2 were selected for further analyses of
protein levels in the patients’ tears. In addition, TNF-a,
HGF, and FGF2, although their gene expression was not
significantly upregulated in the pterygia, have been reported
to be closely associated with the initiation and progression of
this ocular surface disorder. Thus, these three inflammatory
cytokines were included in the following lacrimal protein
analyses.

Protein levels of the selected inflammatory cytokines in tear
fluid: 1In this study, the protein levels of five inflammatory

cytokines, including HGF, MMP2, TGF-B1, TNF-a, and
FGF2, were measured in the tears of the patients in both
groups (n = 28 for each group). No statistical differences were
found between the glue and suture groups in the protein levels
of inflammatory cytokines before surgery (all p>0.05, the
suture group versus the glue group, Figure 3).

On postoperative day 1, the lacrimal HGF level was
similar to the preoperative level in the suture group (p =
0.635, postoperative day 1 versus before surgery, Figure 3A);
whereas the level was statistically significantly higher than
the preoperative level in the glue group (p = 0.020, postopera-
tive day 1 versus before surgery, Figure 3A). On postoperative
day 30, the lacrimal HGF level was statistically significantly
elevated compared to the other time points in the suture group
(p=0.000 for postoperative day 30 vs preoperative; p = 0.001
for postoperative day 30 vs postoperative day 1; p=0.003 for

200+ *

150+

100+

Relative expression levels

3 Conjunctival tissue
E3 Pterygium tissue

Figure 2. The expression of inflam-
matory cytokines in pterygium
and healthy conjunctival tissues.
The expression of 17 inflammatory
cytokine genes, including /L-2,
IL-4, IL-10, VEGF, IL-18, TGF-p1,
TNF-o, IL-6, MMP2, FGF2, HGF,
ICAM-1,ILI-a, MMP9, IL-8, IL-37,
and /L-38, was examined with real-
time quantitative PCR (q-PCR) in
the pterygia (n = 56) and healthy
conjunctiva (n = 7). The experiment

was repeated three times. The data were presented as the mean + standard error of the mean (SEM). p < 0.05, conjunctival tissue vs pterygium

tissue.
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postoperative day 30 vs postoperative day 7, Figure 3A), and
the lacrimal HGF level was higher than that in the glue group
(p =0.070, the suture group vs the glue group; Figure 3A).

Compared to the preoperative level, the protein level of
MMP2 in the suture group statistically significantly increased
at postoperative day 1 (p = 0.015) and decreased at postopera-
tive day 7 (p = 0.009, Figure 3B). The levels of MMP2 in the
glue group exhibited similar dynamics but without statistical
significance (p = 0.630 postoperative day 1 vs preoperative;
p = 0.078 postoperative day 7 vs preoperative). The MMP2
levels in both groups returned to the preoperative levels at
postoperative day 30 (p = 0.265 for the suture group; p =
0.464 for the glue group, Figure 3B).

At postoperative day 1, the lacrimal TGF-B1 levels
decreased in the suture group (p = 0.026) but increased in the

© 2017 Molecular Vision

glue group (p = 0.001, Figure 3C), compared to the respective
preoperative levels. A statistically significant difference was
found between these two groups (p = 0.000) at this time point.
At postoperative day 7, the lacrimal TGF-B1 levels decreased
in the suture group (p>0.05) and in the glue group (p = 0.023).
The lacrimal TGF-B1 levels in these two groups were still
higher at postoperative day 30 than the preoperative levels
(p = 0.139 for the suture group; p = 0.000 for the glue group).
The lacrimal TGF-B1 level in the glue group was statistically
significantly higher than that in the suture group at postopera-
tive day 30 (p = 0.017, Figure 3C).

In comparison to the preoperative level, the lacrimal
TNF-a level was increased in the suture group (p = 0.016)
but decreased in the glue group (p = 0.005) at postoperative
day 1 (Figure 3D). The difference between the two groups
was statistically significant (p = 0.000) at this time point.
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The lacrimal TNF-a levels were statistically significantly
decreased in both groups at postoperative day 7 (p = 0.006 for
the suture group; p = 0.001 for the glue group) compared to
the preoperative level and recovered at 1 month after surgery
(p = 0.671 for the suture group; p = 0.384 for the glue group;
Figure 3D).

The glue and suture procedures resulted in a slight
increase in the lacrimal FGF2 levels at postoperative day 1
and then in an obvious decrease at postoperative day 7 (both
p = 0.000, Figure 3E). At 1 month after surgery, the lacrimal
FGF?2 levels in both groups returned to the preoperative levels
(p=0.641 for the suture group; p = 0.485 for the glue group).
There was no significant difference in the lacrimal FGF2
levels between the two groups at all the time points examined
(all p > 0.05; Figure 3E).

DISCUSSION

Pterygium is a common ophthalmic disorder that is easy to
diagnose but difficult to tackle. Multiple surgical techniques
and modifications have been developed to manage this
disorder to prevent recurrence [10]. Conjunctival autografting
is widely used in the management of pterygium. Pterygium
excision with conjunctival autografting significantly reduces
recurrence rates and elicits fewer complications, and there-
fore, has become the surgical procedure of choice [11].

In the current study, the use of fibrin glue markedly
shortened the duration of the surgery (Table 3). Moreover,
although foreign body sensation was present in most patients
on postoperative day 1, the patients in the glue group were
more comfortable than those in the suture group on the subse-
quent days (Figure 1). However, there was no statistically
significant difference in the recurrence rates between the
two groups at the end of the 6-month postoperative follow-up
period (p = 0.714, Table 3). This result is consistent with those
in other studies that compared sutures versus fibrin glue for
conjunctival autografting [12,13]. Therefore, the benefits
of fibrin glue demonstrated in this study include shorter
duration of surgery (Table 1), lower surgical skill, and less
postoperative discomfort (Figure 1).

Previous reports have shown that pterygium and its
surgical treatment can elicit inflammatory responses [14-16],
which might be involved in the postoperative wound healing
process. This study, for the first time, explored the expres-
sion of inflammatory factor proteins in tears in conjunctival
autografting pterygium surgery using Vicryl sutures or fibrin
glue.

HGF has been shown to regulate epithelial and stromal
wound healing in the cornea [17] and mediate the disruption
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of cell—cell junctions, including desmosomes, hemidesmo-
somes [18], and gap junctions [19], in the corneal epithelium.
In addition, HGF stimulates the migration of corneal epithe-
lial cells in cultures [20]. These findings suggest that HGF is
capable of enhancing reepithelialization after corneal damage.
The present results showed that glue treatment induced higher
HGF production than suture treatment at postoperative day 1
(Figure 3A), implicating a greater potential to recover in the
conjunctival epithelia of the patients treated with fibrin glue.

Recently, several studies have suggested the possible
role of proteolytic metalloproteinase (MMP) in pathogenesis
of pterygium [21-23]. Under a tissue degenerative condi-
tion, pterygium cells produce MMPs and display tumor-like
features, such as proliferation, invasion, and angiogenesis
[24]. However, a previous study suggested that the upregu-
lated expression of MMPs may promote the migration and
growth of pterygium, but the upregulation of MMP is not
likely a pathogenic factor of this ocular surface disorder [25].
Moreover, the abundant expression of MMPs in pterygia
might be responsible for the extensive collagen remodeling
observed in pterygium, as few MMPs were detected in the
healthy conjunctiva [26].

TGF-B1 is a multifunctional protein, regulating migra-
tion, proliferation, differentiation, and apoptosis of several
cell types, including corneal epithelial cells, stromal cells,
and endothelial cells [27]. TGF-B1 also regulates the extra-
cellular matrix deposition and expression of integrin family
adhesion molecules [27]. In addition, TGF-p1 has been
reported to promote cutaneous wound healing processes
[28,29]. TGF-PI is detected in tear [30] and corneal tissue
[31], and TGF-B1 receptors are expressed in corneal cells [32].
The present experiments showed higher levels of TGF-f1 in
the glue group than in the suture group at postoperative day
1 and postoperative day 30 (Figure 3C), indicating that there
might be a more amenable microenvironment for healing
in the corneas treated with glue than in those treated with
sutures.

As a proinflammatory cytokine, TNF-a is expressed by
corneal epithelia and inflammatory cells, and is considered to
participate in corneal wound healing [33]. It has been reported
that TNF-a levels are elevated in the tears of patients with dry
eye syndrome [34]. Moreover, Vesaluoma et al. [35] detected a
transient and slight elevation in the TNF-a level in the cornea
after photorefractive keratectomy. The present study showed
that the TNF-a level was increased in the suture group but
decreased in the glue group on postoperative day 1 (Figure
3D), indicating a milder inflammatory response in the glue
group at this time point.
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Few studies have investigated the effects of FGF2 on
corneal wound healing except one that reported that FGF2
accelerates the rate of reepithelialization in vivo in a dose-
dependent manner [36]. In the present study, the FGF2 levels
did not alter statistically significantly in either group during
the time course except a dramatic reduction in both groups at
postoperative day 7 (Figure 3E). This result suggests that the
ocular surface changes caused by surgery using either glue
or sutures may not be great enough to induce statistically
significant upregulation in FGF2 expression.

One of the limitations of this study is that we did not iden-
tify a battery of inflammatory factors unambiguously respon-
sible for the differences in the clinical parameters following
the two surgical procedures, although the expression trends of
HGF, TGF-I1, and TNF-a at postoperative day 1 did suggest
their contributions (Figure 3A,C,D). This result could be due
to the topical application of corticosteroid-containing agents
during the 1% week following surgery. Applications of cortico-
steroids may dampen inflammatory responses on the ocular
surface [37,38], as shown by the universal trend of reduced
expression of these inflammatory factors at postoperative day
7 (Figure 3), and might also blunt the dramatic differences
in the expression of the inflammatory factors between the
two treatment groups. Therefore, it would be interesting in
the future to perform conjunctival autografting surgery using
sutures or fibrin glue in rabbit eyes, which are mammalian
eyes that are human size. Then changes in the ocular surface
and lacrimal levels of inflammatory factors could be closely
monitored without applications of anti-inflammatory agents;
thus, the molecular mechanisms underlying the inflammatory
response and the healing process following fibrin glue— or
Vicryl suture—mediated conjunctival autografting could be
investigated without the interference of corticosteroids. The
results of the mechanistic study would facilitate the devel-
opment of a supplementary approach rendering the ocular
surface microenvironment more amenable to wound healing
and recovery of visual function.

In summary, this prospective study demonstrated that
fibrin glue is effective and safe for attaching a conjunctival
autograft during pterygium surgery. Moreover, the operation
using glue requires an easier surgical procedure and shorter
duration of surgery, and incurs less postoperative discomfort
than that using sutures. In the early postoperative period,
particularly at postoperative day 1, the higher levels of HGF
and TGF-p1, as well as lower levels of TNF-a, in the tears
of the patients treated with glue suggest that there may be
an accelerated healing process and a subdued inflammatory
response on the ocular surface of these patients compared to
that of the patients treated with sutures.
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