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Purpose: The study aimed to investigate the effects of 2% hyaluronic acid (HA) on corneal 
epithelial defect after pterygium surgery in comparison with the control group, measured in 
terms of the healing rate of corneal epithelial defect and pain score after surgery.
Methods: In this double-blind randomized clinical trial, fifty patients with primary ptery-
gium were randomized into 2 groups: a control group or the group treated with a single 
topical application of 2% HA. Comprehensive ophthalmological examinations included 
measuring the area of corneal epithelium defect using ImageJ freeware and the pain score 
assessment after the operation.
Results: The mean and SD of the area of epithelial defect measured on postoperative Day 0, 
1, and 2 were 10.89 ± 1.33 mm2, 5.04 ± 0.87mm2, and 2.44 ± 0.74 mm2 for the HA group, 
and 11.14 ± 1.11 mm2, 7.74 ± 1.17 mm2, and 5.31 ± 1.15 mm2 for the control group, 
respectively. While the initial area of the defect on Day 0 was essentially the same for both 
groups (p = 0.478), the area of the defect in the HA group was significantly smaller on both 
Day 1 and Day 2 (p < 0.001, p < 0.001), respectively. Similarly, the HA group exhibited 
a statistically significant higher rate of healing for the cornea epithelial defect over Day 0 and 
1 compared to the control group (5.85 ± 0.89 mm2/day vs 3.14 ± 1.28 mm2/day, p < 0.001), 
respectively. The median (range) pain scores were evaluated at Day 0 was 7 (4–10) in the HA 
group and 7 (3–10) in the control group (p = 0.953). There was no statistically significant 
difference between two groups (p > 0.05) for Days 1, 2, and 3.
Conclusion: A single topical application of 2% HA tended to accelerate the healing process 
of corneal epithelium defect after pterygium surgery without any observable adverse effects 
during short-term follow-up.
Keywords: 2% hyaluronic acid, corneal epithelial defect, pterygium surgery

Introduction
Pterygium is an ocular surface disease characterized by a triangular-shaped fibro-
vascular neo-formation arising from the conjunctiva onto the cornea.1 A major risk 
factor for progression of pterygium is prolonged sunlight exposure, which damages 
the limbal stem cell barrier with subsequent conjunctivalization of the cornea.2,3 

Pterygium may cause several ocular problems, including dryness, irritation, dis-
comfort, foreign body sensation, ocular movement limitation, and decreased 
vision.4,5 Pterygium excision with superior conjunctival autografting is a widely 
accepted procedure as a gold standard treatment for pterygium.6 It is not only 
associated with a low recurrence rate but also without the risk of potentially serious 
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complications associated with adjunctive therapy.7 

However, postoperative corneal epithelial defects may 
cause pain, irritation, light sensitivity, and tearing. Rapid 
epithelial wound healing after conjunctival autograft trans-
plantation with pterygium removal could reduce post-
operative pain and the risk of corneal infection.

Hyaluronic acid (HA) is a linear glycosaminoglycan 
which consists of disaccharide units of glucuronic acid 
and N-acetyl-glucosamine.8 HA plays a role in cell prolif-
eration and anti-inflammation, and exhibits antioxidant 
properties.8,9 HA has accelerated the wound healing by 
adhering to specific cell surface receptors. Cluster of differ-
entiation 44 (CD 44), the receptor for hyaluronan-mediated 
motility, lymphatic vessel endothelial hyaluronan receptor 
1, and the liver endothelial cell receptor are the main 
receptors in the repairing wound process.9 The ophthalmic 
applications of HA are established in diverse pharmaceuti-
cal preparations, such as artificial tears, eye drops, in situ 
forming hydrogels, modified nanoparticles, and intravitreal 
injections.10 HA eye drops hasten the corneal epithelializa-
tion in many clinical situations.11,12 Previous study showed 
that rate of corneal wound healing related to the concentra-
tion of HA.13 This study aims to investigate the data on the 
healing rate of corneal epithelial defect after pterygium 
operation receiving a single topical of 2% HA.

Materials and Methods
Study Design
A prospective, randomized, parallel group interventional 
study was performed among patients diagnosed with pri-
mary pterygium at the Ophthalmology Clinic, Chiang Mai 
University Hospital between May 2020 and 
December 2020. The study protocol was conducted in 
accordance with the tenets of the Declaration of Helsinki 
and approved by the Ethics committee of Faculty of 
Medicine, Chiang Mai University (Study code: OPT-2560- 
04526), and Thai Clinical Trial Registry Committee (Study 
ID 20180822002, https://www.thaiclinicaltrials.org/). All 
participants provided written informed consent prior to the 
study. The treatment outcome of a single intraoperative 
topical application of 2.0% HA (TRB CHEMEDICA AG, 
Visiol®, München, Germany) was investigated in terms of 
healing rate of corneal epithelial defect after pterygium 
surgery, in comparison with the control group (without 
HA). The study was divided into 4 visits for assessments, 
the first visit was immediately after operation, Day 0. Three 
follow-up visits were scheduled on Days 1, 2 and 3. 

Simultaneously, the level of postoperative pain was mea-
sured using the Wong-Baker FACES Pain Rating Scale.14

Study Population and Treatment
Patients aged between 20 years and 60 years diagnosed 
with unilateral primary pterygium were included in this 
study. Patients with recurrent pterygium, corneal abnorm-
alities, limbal stem cell deficiency, corneal decompensa-
tion, ocular malignancy, ocular infections, glaucoma, 
concurrent ophthalmic drug use, and systemic diseases 
that interfere with corneal wound healing were excluded.

Participants were divided into 2 groups (the HA group 
and the control group), stratified by age (<50 or ≥50 years 
old) using permuted block of 4 randomization within strata 
methods as aging is a significant confounding factor for 
corneal wound healing. Then, the patients were rando-
mized into either the HA or the control group using 1:1 
block randomization methods.

The surgical technique of pterygium excision with 
superior conjunctival autografting involved transferring 
a free graft of superior bulbar conjunctiva to cover the 
sclera exposed by pterygium excision. All surgeries were 
performed by one surgeon (W.C.), with local anesthesia 
and an operating microscope.15 Neither retrobulbar nor 
eyelid block was used.

Surgical Procedure
1. Two percent Lidocaine jelly (AstraZeneca, 

Xylocaine Jelly 2%®, Södertälje, Sweden) was 
applied to induce anesthesia of the conjunctiva and 
cornea 10 minutes before operation.

2. A lid speculum was used to provide maximal exposure.
3. The pterygium was injected with 1% lidocaine/ 

1:100,000 adrenaline mixture (AstraZeneca, 
Xylocaine 1%®, Södertälje, Sweden).

4. A disposable surgical blade was used to superficially 
excise involved cornea to the limbus at the head of 
pterygium. Westcott scissors were used to excise 
pterygium from surrounding conjunctiva. All fibro-
vascular pterygium was removed at the scleral bed 
and limbus. The remaining subtenon tissue was 
totally also removed.

5. Minimal cautery was used to control bleeding.
6. The patient was asked to look down in order to expose 

the superior conjunctiva. One percent lidocaine with-
out adrenaline was injected subconjunctivally to sepa-
rate the conjunctiva and tenon’s capsule adjacent to the 
limbus in the 6 o’clock position.
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7. Westcott scissors were used to excise a free con-
junctival graft in the extract size of the scleral bed.

8. The free graft was placed in the corrected orientation 
onto the scleral bed and was sutured with 8 to 9 
interrupted 8–0 polyglactin.

9. At the end of surgery, all epithelial defects caused by 
pterygium excision were stained by fluorescein 
paper strip (Chona Surgical Co., Fluorescein 
Sodium – Test Strip®, Delhi, India) in two groups.

In both groups, on postoperative Day 1, the patch was 
removed. A topical 0.5% levofloxacin (Santen, Cravit®, 
Osaka, Japan) eye drops and 1% prednisolone acetate 
(Allergan, Pred-Forte®, Westport, Ireland) eye drops 
were prescribed 4 times daily for 4 weeks. Sutures were 
allowed to absorb spontaneously without removal.

Study Material
Visiol® (2.0% HA, molecular weight 1.8 × 106 Da; TRB 
CHEMEDICA AG, München, Germany) was used to this 
study. It was a high concentrated isotonic viscoelastic gel 
indicated for use as a surgical aid in ocular surgery, such as 
cataract surgery and intraocular lens implantation. The compo-
sitions of this viscoelastic gel are 2% HA, disodium phosphate, 
sodium dihydrogen phosphate, mannitol, and water for 
injection.

The Evaluations of Corneal Epithelial 
Healing
Immediately after the surgery, Day 0, the photos of fluor-
escein-stained epithelial defect with the cobalt blue exciter 

filter were taken using digital camera equipped with SL- 
D701 slit-lamp (Topcon Corporation, Topcon®, Tokyo, 
Japan). Then, a thin coat16 of 2% HA was applied topically 
to the stained-positive epithelial defect in the HA group 
but not in the control group by 1 investigator (N.S.). The 
eye was patched for 24 hours postoperatively.

All photos were saved as red green blue uncompressed 
Joint Photographic Experts Group (JPEG) files (2576 × 1934 
pixels) using the IMAGEnet®6, version 3.0.1. They were 
analyzed by 1 investigator (N.T.) to determine the size of 
epithelial defects using the ImageJ freeware 1.53k 
(Figure 1).17 Patients were asked to visit for ophthalmic exam-
ination and daily photograph at a fixed time for three days. 
Postoperative treatments remained the same in two groups. 
The pain score using “Wong-Baker FACES Pain Rating 
Scale”,14 ranged from 0 to 10, were recorded daily for 4 days.

Statistical Analysis
According to the study of effect of 2% HA on the healing 
rate of corneal epithelial defect after pterygium surgery 
has not been reported, sample size of 50 eyes was 
hypothesized to provide sufficient power to demonstrate 
a difference between the HA group and the control group. 
All data had been analyzed with the SPSS 21.0 statistical 
software (SPSS Inc., Chicago, IL, USA). Mean (standard 
deviation (SD)), median (range), t test, Chi-square test, 
and Mann–Whitney U-test were conducted on the demo-
graphic and clinical characteristics of participants at base-
line. Mann–Whitney U-test and t test were utilized to 
compare the pain score and the area of corneal epithelial 

Figure 1 Picture of the fluorescein stained-positive epithelial defect after pterygium excision (A) original picture (B) area of manual delineation using imageJ to analyze the 
fluorescein stained-positive epithelial defect.
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defect between the two groups, respectively. A p-value of 
<0.05 was considered as a significant difference.

Result
The CONSORT flow diagram is shown in Figure 2. The 
study comprised 58 patients. Four patients declined to 
participate the protocol, three patients had diabetes, and 
one had a history of cataract extraction in the affected eye. 
A total of 50 patients were randomized to one of the two 
groups, yielding the HA group of 25 patients in total, and 
25 patients in the control group.

Baseline Characteristics
Baseline characteristics are summarized in Table 1. There 
were no significant differences between the baselines of 
age, sex, initial corneal epithelium defect, and pain score 
after operation (p > 0.05). Fifty patients, with 25 females 
and 25 males, were enrolled in the study.

Corneal Epithelium Healing
The corneal epithelium healing, in terms of area of corneal 
epithelial defect, was significantly different between two 
groups at Day 1 (P < 0.001) and Day 2 (P < 0.001). The 
HA group, area of epithelial defect by mean ± SD were 
5.04 ± 0.87mm2, 2.44 ± 0.74 mm2, and 1.10 mm2 (accord-
ing to 24 eyes were completely healed); and were 7.74 ± 
1.17 mm2, 5.31 ± 1.15 mm2 and 1.80 ± 0.50 mm2 (accord-
ing to 23 eyes were completely healed) for the control 
group at postoperative Days 1, 2 and, 3, respectively 
(Figure 3).

Figure 4 illustrates the healing rate of corneal epithe-
lial defect. The mean ± SD of healing rate of corneal 
epithelial defect from Day 0 to Day 1 was statistically 
greater in the HA group compared to the control group 
(5.85 ± 0.89 mm2/day versus 3.14 ± 1.28 mm2/day, p < 
0.001). But the healing rate of corneal epithelial defect 
from Day 1 to Day 2 showed no significant difference 

Figure 2 CONSORT flow diagram of a randomized controlled trial of the HA group versus the control group for patients who undergone pterygium excision.
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between the two groups (p < 0.394). On postoperative 
Day 3, 4% (1/25) of the patients in the HA group had 
small epithelial defect, and 8% (2/25) in the control 
group. All corneal epithelial defects in both groups had 
completely healed by Day 4.

Pain Score
The median (range) pain scores in the HA and the control 
group at Days 0, 1, 2, and 3 are demonstrated in Table 2. 
However, there was no statistically significant difference 
between the two groups (p > 0.05).

Safety Profiles
No observed adverse effect was found in either the HA or 
the control groups.

Discussion
Corneal epithelium defect is a common lesion following 
the pterygium surgery. Treatments to promote wound 
healing could reduce the risk of developing complica-
tions, such as infective keratitis, corneal perforation, or 
corneal scar. Moreover, pain is one of the most common 
symptoms occurred after pterygium surgery. Other 

Table 1 Demographic and Clinical Characteristics of Patients

HA Group (n = 25) Control Group (n = 25) p-value

Age, years (mean ± SD) 39 ± 9.66 40.8 ± 10.64 0.699a

Sex, n (%)

Male 12 (48%) 13 (52%) 0.988b

Female 13 (52%) 12 (48%)

Area of initial corneal epithelium defect (mm2) (mean ± SD) 10.89 ± 1.33 11.14 ± 1.11 0.478a

Initial pain score after operation (1–10) median (range) 7 (4–10) 7 (3–10) 0.953c

Notes: at test; bChi-square test; cMann–Whitney U-test. 
Abbreviations: n, number; SD, standard deviation; mm, millimeter.

Figure 3 Area of corneal epithelial defect at Days 0, 1, 2, and 3 between the HA and the control groups. 
Notes: □ = HA, ∆ = control.
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comorbidities such as photophobia, eye irritation, and 
tearing have also been observed in these patients. 
A variety of modalities for fostering re-epithelialization 
were proposed including mechanical treatment (eg, ban-
dage contact lens, firm patching), pharmacological inter-
vention (eg, growth factors, cytokines, HA), biological 
substances containing HA (eg, amniotic membrane, 
autologous serum).18

HA has been used to speed up re-epithelialization in 
many clinical and experimental situations. Turley et al 
indicated that HA could promote corneal epithelial 
wound healing in vitro, possibly via the CD44 receptor 
binding in the extracellular domain, resulting in the stimu-
lation of aggregation, proliferation and migration of cor-
neal epitheliums.19 In vivo models demonstrated the role 
of HA in promoting corneal wound healing through dif-
ferent mechanisms, including the generation of the provi-
sional fibronectin-hyaluronate complexes,12,13 the 
suppression of stromal neutrophils, the enhancement of 
keratocyte repopulation, and the production of 
fibronectin.20,21 One clinical study showed that 0.3% HA 
in eye drops promoted human corneal epithelium wound 
healing caused by mechanical damage.11 Therefore, both 
in vitro and in vivo studies have given evidence of HA that 
accelerates corneal epithelial healing.

The previous study done by Camillieri et al showed 
that 0.2% and 0.4% HA were not different for the time 
needed to complete wound healing in rabbit eye model.21 

Meanwhile, Nakamura et al found that the effects of HA 

Figure 4 The healing rate of corneal epithelial defect at postoperative period between the HA and the control groups. 
Notes: □ = HA, ∆ = control.

Table 2 Pain Scores Immediately After Operation (Day 0), 
Days 1, 2, and 3 Between the HA and the Control Groups

Postoperative 
Time

Pain Score (0–10) Median 
(Range)

p value*

HA 
Group

Control 
Group

Day 0 7 (4–10) 7 (3–10) 0.953

Day 1 5 (1–9) 6 (2–9) 0.457

Day 2 3 (0–7) 2 (0–6) 0.056
Day 3 1 (0–3) 0 (0–3) 0.202

Note: *Mann–Whitney U-test.
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on wound healing depended on HA concentrations in both 
diabetic and non-diabetic rats which was 0.1% and 0.3%, 
respectively. They concluded that HA accelerated the heal-
ing rate in a dose-dependent manner.13 However, these 2 
studies revealed only low concentration of HA (less than 
1%). One study that related to high dose of HA, Reed et al 
evaluated corneal epithelial healing after penetrating kera-
toplasty using between topical 1% HA (Kabi Pharmacia, 
Healon®, Uppsala, Sweden) and the balanced salt solution. 
They concluded that the group treated with 1% HA 
demonstrated a high correlation to more complete graft 
healing one week after operation.16 In this study, we 
topically applied high concentrated HA (2.0% HA), 
which had a double concentration compared to the pre-
vious study, once immediately after operation. This study 
also provided the first data of the healing rate of corneal 
epithelial defect using 2% HA after pterygium surgery. 
The corneal epithelium defect area was significantly smal-
ler in the 2% HA group on Day 1 and Day 2. The healing 
rate of corneal epithelial defect from Day 0 to Day 1 also 
showed a statistically significant greater in the 2% HA 
group compared to the control group. Besides the HA 
itself, eye patching after operation might be one of cofac-
tors to promote the corneal epithelial healing rate. These 
results supported Nakamura’s study. In addition, ultravio-
let (UV) light is a widely accepted causative factor for 
pterygium. UV radiation may induce the production of 
reactive oxidative species (ROS).22 Mannitol contained 
in 2.0% HA that used in this study acts as a free radical 
scavenger, may decrease the degradation of HA long 
chains by ROS which may prolong the contact time 
between the HA and the eye.23

HA has a mucoadhesive effect, therefore it has 
a coatability effect on the cornea. Increasing the residual 
time in wound region depends on its concentration.24 

However, high concentration of HA may increase patient 
discomfort because of lash crusting or vision decreasing25 

but this adverse effect was not found in this study accord-
ing to a single topical application and eye patching. 
However, this novel clinical application must be consid-
ered in any cost-effectiveness analysis. Pain scores exhib-
ited no statistically significant difference between the two 
groups. Thus, the application of high concentration of HA 
did not cause any additional uncomfortable feeling in 
the eye.

In considering safety issues, there were no adverse 
effects related to the HA application. There were three 
eyes that needed 4 days to heal completely. Two cases in 

the control group had histories of severe eye rubbing. One 
case in the HA group was 54 years old and was the highest 
age among the patients studied. Age may cause a delayed 
wound healing. All patients had completely healed by Day 
4. There were no complications, such as, recurrence, 
epithelial defect, or subconjunctival hemorrhage, seen in 
either group at the 3-month follow-up.

Instead of using subjective scale to measure the size of 
corneal epithelial defect, ImageJ freeware was introduced 
to determine the area of corneal epithelial defect after 
pterygium surgery. This provided precise measurements 
of the extent of the defect and minimized evaluator bias. 
In addition, a single topical application of 2% HA was 
more convenient for the patients compared to the daily use 
of lower concentrations of HA.

Study Limitations
First, this study had a limitation in the number of patients 
and had a short-time follow-up. A large-scale and longer 
follow-up may help to confirm the results. Second, the 2% 
HA containing mannitol may potentially effect on the 
speed of corneal epithelial healing. Third, this study may 
have a bias owing to the misinterpretation of pain score 
which may not represent the true eye pain. Fourth, the 
pressure related to eye patching at Day 0 may be different 
from patient to patient. The difference of pressure in the 
eye patching may effect eye blinking which interferes 
wound healing.

Conclusion
A single topical application of 2% HA tended to accelerate 
the healing process of corneal epithelial defect after pter-
ygium surgery. No adverse effects were observed during 
short-term follow-up. High concentrated form did not 
cause any additional discomfort to the eye. However, the 
clinical applications of 2% HA in corneal epithelial defect 
after pterygium surgery required further study. In addition 
to the outcome of this study, cost-effectiveness analysis 
and patient compliance should also be considered before 
clinical use.

Data Sharing Statement
Datasets collected, used, and analyzed for the study can be 
obtained from the corresponding author on a reasonable 
request. Besides the study, no specific data is intended to 
share. No other study documents will be available.
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