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Background: The clinical efficacy of eye drops in the treatment of recurrent corneal erosion 
syndrome (RCES) is not satisfactory. Many studies have confirmed the positive effect of the 
bandage contact lens (BCL) in corneal diseases, but not many in patients with RCES. The purpose 
of this study is to investigate the efficacy of the BCL compared with deproteinized calf blood 
extract eye gel in the initial treatment of RCES.
Methods: Forty-seven patients with RCES treated in our hospital from September 2010 
to September 2018 were retrospectively analyzed, including 24 cases (26 eyes) in the 
bandage contact lenses (BCLs) group wearing bandage contact lens and 23 cases (24 
eyes) in the drug group treated with deproteinized calf blood extract eye gel. The efficacy 
was evaluated after 3 months of treatment, with a mean follow-up time of 21.15 ± 1.71 
months in the BCL group and 20.87 ± 1.89 months in the drug group. Corneal erosion 
resolution, pain relief, visual acuity recovery time, recurrence and complications were 
observed.
Results: After 3 months of treatment, 22 eyes (22/26, 84.6%) in the BCLs group achieved 
complete resolution, compared with 14 eyes (14/24, 58.3%) in the drug group (P <0.05). 
The corneal healing time in the BCLs group was 4.77 ± 4.51 weeks, which was signifi-
cantly shorter than that in the drug group (9.83 ± 5.93 weeks (P <0.01)). At 1 and 2 
months after treatment, the visual analogue score (VAS) in the BCLs group (3.28 ± 1.15 at 
1 month and 1.90 ± 0.77 at 2 months) decreased more significantly than that in the drug 
group (4.54 ± 0.89 at 1 month and 2.43 ± 0.93 at 2months, P =0.000 at 1 month and 
P=0.034 at 2 months). At 3 months after treatment, the mean BCVA in the BCL group 
(logMAR 0.03±0.08) improved more significantly than that in the drug group (logMAR 
0.14±0.12,P=0.001). The complete recovery time of visual acuity was 5.46 ± 4.43 weeks in 
the BCLs group, compared with 10.33 ± 6.12 weeks in the drug group (P =0.003). During 
further follow-up, recurrence was observed in 2 eyes (2/22, 9.1%) of the BCLs group and 6 
eyes (6/14, 42.8%) of the drug group. No patient in both groups developed adverse side 
effects.
Conclusion: Bandage contact lenses are safe and effective in the initial treatment of RCES. 
Compared with topical deproteinized calf blood extract eye gel, the use of BCLs can provide 
a higher cure rate, better pain control, faster visual recovery and lower recurrence rate.
Trial Registration: Chinese Clinical Trial Registry, ChiCTR2000031241. Registered 
25 March 2020- Retrospectively registered, http://www.chictr.org.cn/edit.aspx?pid= 
51309andhtm=4.
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Plain Language Summary
There is no consensus on the treatment of recurrent corneal 
erosion syndrome (RCES). The initial management of RCES is 
generally treated with ocular lubricants. However, some patients 
relapse repeatedly and have to resort to more aggressive inter-
ventions such as invasive surgery. The bandage contact lens 
(BCL) is a less invasive treatment modality than surgical options. 
Many studies have confirmed the positive effect of BCLs in 
corneal diseases, but not many in patients with RCES. This 
study is by far the largest series investigating BCLs in the initial 
treatment of RCES. Our results show that BCLs are effective and 
safe for the treatment of RCES. Compared with topical deprotei-
nized calf blood extract eye gel, the use of BCLs can provide 
a higher cure rate, better pain control, faster visual recovery and 
lower recurrence rate. We hope that our study could provide 
feasibility and a preliminary basis for future exploration and 
clinical application.

Background
Recurrent corneal erosion syndrome (RCES) is character-
ized by repeated episodes of pain, photophobia and blur 
vision due to poor epithelial adhesion. RCES is a relatively 
common disease affecting mainly working adults, which 
could lead to social and economic consequences.1 The 
pathogenesis of RCES is associated with poor adhesion 
of the corneal epithelium to its underlying stroma. Trauma 
is the initiating factor for most patients with RCES, how-
ever, there may be underlying primary epithelial basement 
membrane dystrophy (EBMD) that leads to symmetrical 
erosions in multiple corneal areas.2–4

The initial management of RCES is generally treated 
with topical eye drops, including artificial tears, ocular 
lubricants, as well as autologous serum,5,6 and the symp-
toms can be relieved in most patients. The deproteinized 
calf blood extract is a protein-free, standardized dialysate/ 
ultrafiltrate derived from calf blood, which has been 
shown to enhance wound healing in both experimental 
animal studies and man. It is a cellular respiratory activa-
tor, which could enhance the uptake of oxygen and glu-
cose by cells, enhance the synthesis of adenosine 
triphosphate, and promote the repair and regeneration of 
tissues.7,8 Deproteinized calf blood extract uses sodium 
carboxymethylcellulose as a carrier to make ophthalmic 
gel, which has both lubricating and corneal repair effects, 
and its efficacy is better than that of conventional lubri-
cants alone. It has been widely used in various persistent 
corneal epithelial injury diseases and has achieved 
encouraging efficacy. It has also achieved some efficacy 

in the treatment of recurrent corneal erosion syndrome, but 
it is often difficult to prevent the recurrence of corneal 
erosion.9,10 Some patients relapse repeatedly and have to 
resort to more aggressive interventions such as invasive 
surgery,11–14 which inevitably has its risks. Many treat-
ment modalities report varying degrees of success but no 
definitive treatment regime has been agreed.15 The ban-
dage contact lens (BCL) is a less invasive treatment mod-
ality than surgical options. The BCL has been used for 
ocular surface protection and corneal disease therapy in 
recent years and has obtained encouraging effects.16–20 

However, there are not many reports about the efficacy 
of BCLs on recurrent corneal erosion syndrome. The pur-
pose of this study is to evaluate the efficacy and safety of 
bandage contact lenses in the initial treatment of recurrent 
corneal erosion syndrome and to provide suggestions for 
clinical practice.

Methods
Study Design and Participants
This study retrospectively collected 47 patients who were 
treated in the Department of Ophthalmology of our hospital 
due to RCES from September 2010 to September 2018, 
including 24 patients (26 eyes) in the BCLs group and 23 
patients (24 eyes) in the drug group. (Table 1). Inclusion 
criteria: (1) Diagnosis of RCES; (2) No history of surgery 
for recurrent corneal erosion; (3) No history of wearing 
contact lens. Exclusion criteria:(1) With infectious keratitis; 
(2) Other corneal dystrophies except for epithelial basement 
membrane dystrophy (EMBD); (3) History of previous 
refractive surgery or other corneal surgery;(4) Combined 
with systemic diseases affecting corneal repair (such as 
epidermolysis bullosa, psoriasis, etc.);(5) Those with aller-
gic constitutions that cannot tolerate the treatment. The 
study procedure was approved by the Ethics Committee of 
Beijing Jishuitan Hospital and executed under its supervi-
sion. The study adhered to the tenets of the Declaration of 
Helsinki and all participants signed informed consent.

Interventions
The BCLs group was treated with continuous BCL wear for 
3 months, and the silicone hydrogel soft BCL (PureVision, 
Bausch and Lomb, NJ) used in this study had a 14-mm 
diameter and high oxygen transmissibility (130DK/t), 
which was approved for continuous wear for up to 21 
days. In our study, the BCLs were replaced every 2 weeks 
to decrease the risk of infectious keratitis. During BCL 
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wearing, it is necessary to immediately remove the BCL in 
case of any noticeable foreign body sensation or infection. 
Both placing and removing of the BCLs were performed by 
the same ophthalmologist. Any adverse events possibly 
related to the use of the BCL were recorded.

In the drug group, the deproteinized calf blood extract 
eye gel (5g, 20%, Shenyang Xingqi Pharmaceutical Co., 
Ltd) was used for 3 months, 4 times a day (the 4th time 
before going to bed). The deproteinized calf blood extract is 
a protein-free, standardized dialysate/ultrafiltrate derived 
from calf blood, which mainly contains small peptides, 
amino acids, nucleotides, oligosaccharides, and other bioac-
tive substances. Before corneal healing, 0.5% levofloxacin 
eye drops were prescribed four times a day in both groups, 
while after corneal healing, the topical levofloxacin was 
reduced to twice a day in the bandage lens group to prevent 
infection and discontinued in the drug group.

In both groups, sodium hyaluronate eye drops (0.1%, 
Santen Pharmaceutical Co., Ltd.) were used for 3 months, 
4 times a day.

Follow-Up and Outcome Measures
Patients in both groups were followed up weekly during the 
first month and every 2 weeks during the second and third 
months after treatment. After 3 months of treatment, the 
efficacy of the treatment was evaluated, and patients who 
achieved complete remission were further followed up to 18 
months to observe the recurrence, while during this period, 
follow up visits were arranged every month for the first six 
months, then every two months for the next 12 months. At 
the initial visit, the patient’s medical and family history, 
causes and triggers of the disease, time to initial onset, 
number of attacks and previous therapy were inquired in 
detail and recorded. Before and after treatment, the symp-
toms of RCES (pain, foreign body sensation, redness, tear-
ing or photophobia) were recorded and patients were asked 
about the grading of pain, and best-corrected visual acuity, 
slit-lamp biomicroscopy, and corneal fluorescein staining 
were performed, to record the size and site of loose epithe-
lium and corneal epithelial defects, the presence of micro-
cysts in the epithelium and EBMD.

Table 1 Demographic and Clinical Characteristics of Patients

Case Characteristics BCLs Group Drug Group P value

Cases 24 23 –
Eyes 26 24 –

Gender (M: F) 14:10 12:11 0.671#

Age (years)

Range 18–65 22–71
Mean (Mean±SD) 40.38±13.45 42.48±13.93 0.601*

Number of previous episodes
Range 3–11 2–9

Mean (Mean±SD) 5.85±2.66 5.42±2.08 0.531*

Time from trauma to initial onset (months)

Range 1–12 2–12

Mean (Mean±SD) 6.47±3.18 5.85±3.23 0.614*

Time from diagnosis of EBMD to initial onset (months)

Range 2–10 3–9
Mean (Mean±SD) 6.00±3.03 6.40±2.41 0.817*

Size of corneal erosion 0.598#

Number of eyes with microerosions at recruitment 10 11

Number of eyes with macroerosions at recruitment 16 13

Causes of RCES 0.885#

Traumatic 15 13

EBMD 6 5
Other/Unknown 5 6

Notes: *Independent Sample t-test. #Chi-square test. 
Abbreviations: EBMD, epithelial basement membrane dystrophy; RCES, recurrent corneal erosion syndrome.
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The main outcome measures included pain evaluated 
using a visual analogue score (VAS: 0 = no pain at all, 10 
= worst pain imaginable),21 best-corrected visual acuity 
(BCVA), corneal abnormality changes monitored by corneal 
fluorescein staining. Visual acuity recovery time, improve-
ment rate and cure rate were further evaluated. Visual acuity 
recovery time refers to the time required for visual acuity to 
return to the best corrected visual acuity before the first onset. 
The BCVA was recorded by Snellen chart and analyzed by 
logarithm of the minimum angle of resolution (LogMAR) 
between two groups. At 3 months, the patients of both groups 
were categorized as per the following conditions: (1) cure: 
complete resolution of symptoms with no visible loose 
epithelium and corneal fluorescein staining; (2) improve-
ment: partial resolution of symptoms with partial repairment 
of corneal abnormality; (3) invalid: no significant change or 
even aggravation of symptoms and corneal abnormalities. 
A recurrence was noted if the patient developed subjective 
symptoms or corneal erosions appeared during the follow-up 
period. All the treatment and follow-up were carried out by 
the same professionally trained doctor throughout the whole 
study period, thus eliminating interobserver bias.

Statistical Analysis
Statistical analysis was performed using SPSS software 
(version 23.0, IBM SPSS Co., Ltd.). Categorical variables 
were compared using the chi-square test or Fisher’s exact 
test, and continuous variables were compared using the 
t-test. A P value of 0.05 was considered significant.

Results
The demographic and clinical characteristics of the 
patients are shown in Table 1. There were no significant 
differences in age, gender, number of previous episodes, 
time from trauma or diagnosis of EBMD to initial episode, 
cause of disease and size of corneal erosions between the 
two groups. (Table 1).

Cure Rate and Corneal Healing Time
After 3 months of treatment, 22 eyes (22/26, 84.6%) in the 
BCLs group achieved complete resolution, compared with 
14 eyes (14/24, 58.3%) in the drug group, with significant 
statistical differences. (Table 2). The time to cure for 
cornea in the BCLs group was (4.77±4.51) weeks, which 
was significantly shorter than that in the drug group (9.83 
±5.93) weeks. (Table 3).

Pain Relief
After treatment, the pain of patients in both groups was 
gradually relieved, and the pain relief of the BCLs group 
was better than that of the drug group. At 1 and 2 months 
after treatment, the VAS pain score in the BCLs group 
decreased more significantly than that in the drug group, 
with a statistically significant difference. At 3 months after 
treatment, the VAS pain score in the BCLs group was still 
lower than that in the drug group, but the difference was 
not statistically significant. (Table 4).

Vision Recovery
There was no significant statistical difference in baseline 
BCVA between the two groups. After 3 months of treat-
ment, the BCVA improved in both groups, with mean 
BCVA of logMAR 0.03±0.08(20/20 Snellen equivalent) 
in the BCL group and logMAR 0.14±0.12(20/25 Snellen 
equivalent) in the drug group, and the BCVA improved 
more in the BCL group(P=0.001).The complete recovery 
time of visual acuity in the BCLs group was (5.46 ± 4.43) 
weeks, which was significantly shorter than that in the 
drug group (10.33 ± 6.12) weeks. (Table 3).

Table 2 Comparison of Cure Rates and Improvement Rates at 
After 3 Months of Treatment Between the Two Groups of 
Patients (Eyes, %)

Group Eyes Cure Improve Invalid

BCLs group 26 22 (84.6) 14 (58.3) 0 (0)

Drug group 24 4 (15.4) 10 (41.7) 0 (0)

p-value 0.039

Table 3 Comparison of Corneal Healing Time, Visual Recovery 
Time and BCVA After Treatment Between the Two Groups of 
Patients (Mean±SD)

Group Corneal 
Healing 
Time 
(Weeks)

Vision 
Recovery 
Time 
(Weeks)

BCVA at 
Baseline 
(LogMAR)

BCVA at 3M 
After 
Treatment 
(LogMAR)

BCLs 
group

4.77±4.51 5.46±4.43 0.33±0.09 0.03±0.08

Drug 
group

9.83±5.93 10.33±6.12 0.30±0.10 0.14±0.12

p-value 0.002 0.003 0.398 0.001

Abbreviations: BCVA, best-corrected visual acuity; LogMAR, logarithm of the 
minimum angle of resolution.
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Recurrence Observation
Patients who achieved complete cure (22 in the BCLs group 
and 14 in the drug group) were further followed up to 18 
months to observe recurrence. During further follow-up, 
recurrence was observed in 2 eyes (2/22, 9.1%) of the 
BCLs group and 6 eyes (6/14,42.8%) of the drug group, 
and the difference was statistically significant (P=0.026). In 
addition to the low recurrence rate, patients in the BCLs 
group appeared to relapse later than these in the drug group. 
Both patients with recurrence in the BCLs group complained 
of ocular symptoms, but minor corneal abnormalities were 
visible in only one of them. The symptoms of both patients 
were relieved and tolerable after bedtime lubricant applica-
tion. Corneal abnormalities were observed in all relapsed 
patients in the drug group, however, 3 of them did not 
respond well to bedtime lubricants and had to turn to BCL 
therapy, after which the symptoms were relieved. (Table 5).

Complications Observation
In both groups, no serious complications such as infectious 
keratitis were reported during the entire study. In the BCLs 
group, BCLs fit satisfactorily in 25 eyes (25/26,96.2%). 
Sliding of BCL was observed in one patient by slit-lamp 
examination during follow up, and the BCL was reset in 
time. None of the patients in the BCLs group developed 
any complications related to contact lenses.

Discussion
Our results showed that the use of BCLs is more effective 
for corneal healing promotion and pain control than using 
eye drops alone, which is the routine therapy in the initial 
management of RCES.

Although there is no consensus on RCES treatment, 
promoting to regain sufficient and stable adhesion between 
the corneal epithelial and the underlying stroma is essen-
tial for the management of RCES.17,22 We speculated that 
wearing BCLs would help mainly in three aspects. First, 
BCLs help to form a more stable tear film on the ocular 
surface and provide a scaffold for the migration of epithe-
lial cells, thereby promoting corneal epithelial repair; 
Secondly, the mechanical barrier function of BCLs can 
avoid the friction of the eyelid on the cornea, thereby 
protecting the newly formed corneal epithelium, and 
allowing time for the defective anchoring system to 
achieve faster and more stable healing. Thirdly, the BCL 
wear could provide more sustained and stable pain relief, 
further reducing eyelid rubbing on the cornea.23,24

The therapeutic effects of wearing BCLs on RCES 
have been studied. Consistent with our findings, two stu-
dies confirmed the positive role of BCL in the treatment of 
RCES. Fraunfelder20 retrospectively studied 12 patients 
treated with BCL and found that 9 (75%) had no further 
recurrence of RCES after approximately 1 year of follow- 
up, while Ahad25 compared 14 patients treated with BCL 

Table 5 Recurrence After Complete Resolution (Number of Eyes, %)

Follow-Up BCLs Group (n=26) Drug Group (n=24) P value

Complete resolution at 3 months of treatment 22 (84.6) 14 (58.3) 0.039#

Without recurrence over the follow up 20 (90.9) 8 (57.1) 0.026†

Recurrence in 3 months after treatment 0 (0) 1 (7.1) –

Recurrence in 3–6 months after treatment 0 (0) 3 (21.4) –

Recurrence in 6–12 months after treatment 1 (4.5) 2 (14.2) –
Recurrence in 12–18 months after treatment 1 (4.5) 0 (0)

Recurrence without corneal abnormalities 1 (50*) 0 (0*) –

Recurrence with both symptoms and signs 1 (50*) 6 (100*) –
Recurrences relieved by ocular lubricants 2 (100*) 3 (50*) –

Recurrences required further treatment 0 (0*) 3 (50*) –

Notes: #Chi-square test. †Fisher’s exact test. *The number of relapses at each period as a percentage of the total number of relapses in each group.

Table 4 Pain Scores at Different Time Points Before and After Treatment in Two Groups of Patients (Mean±SD, Points)

Group Eyes Before Treatment 1M After Treatment 2M After Treatment 3M After Treatment

BCLs group 26 8.13±1.23 3.28±1.15 1.90±0.77 0.90±0.66
Drug group 24 7.97±1.62 4.54±0.89 2.43±0.93 1.12±0.62

p-value 0.696 0.000 0.034 0.242
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and 15 patients treated with ocular lubricants (OLs) and 
showed that patients on BCLs achieved a complete resolu-
tion more quickly, although BCLs do not increase the 
likelihood of complete resolution when compared with 
OLs in the initial management of RCES. In contrast to 
our findings, Williams and Buckley26 reported that BCL 
using on RCES therapy is less effective than ocular lubri-
cants, with higher rates of recurrence and complications. 
Further comparison showed that Our study was different 
from the study of William in many aspects. First, the type 
of BCL in our study was silicone hydrogel BCL with 
higher oxygen permeability, while in their study was 
hydrogel BCL with relatively lower oxygen permeability; 
Second, a more broad-spectrum prophylactic antibiotic 
eyedrop (levofloxacin vs chloramphenicol), and a longer 
wear time of the contact lens overall (3 months vs 2 
months) may help to reduce the incidence of complications 
and improve the efficacy of the BCL.23

In our study, the patients had substantially more favor-
able outcomes compared to previous reports on the use of 
BCL for RCES.20,25,26 To the best of our knowledge, the 
present study reported for the first time the statistically 
significant improvements in VAS pain scores and visual 
recovery times with BCL versus ocular lubricant for 
RCES. The recurrence rate (2/26,7.7%) in the BCLs 
group was also acceptable during the 18 months follow- 
up after treatment. In addition to the encouraging cure rate, 
better pain relief, faster visual recovery and lower recur-
rence rate after BCL wear provide additional evidence for 
the effectiveness of BCL treatment. Besides, although not 
observed, contact lens-related complications, especially 
corneal infections, should be closely monitored rather 
than ignored during the BCL application, and the risk 
and signs of infection must be detailed to the 
patients.27,28 The efficacy of the drug treatment group in 
this study was similar to that of other eye drops previously 
reported for the treatment of RCES. The reason for the 
lower efficacy in the drug treatment group than in the BCls 
group may be considered to be related to the lack of 
mechanical support and barrier protection of the eye 
drops on corneal abnormalities. Despite these encouraging 
findings, this study has inherent limitations of retrospec-
tive observational studies, and further prospective studies 
are required to confirm our conclusions.

Conclusions
In summary, our results show that BCLs are effective and 
safe for the treatment of RCES. Compared with topical 

deproteinized calf blood extract eye gel, the use of BCLs 
can provide a higher cure rate, better pain control, faster 
visual recovery and lower recurrence rate. Therefore, our 
study suggests that BCL therapy can be considered in the 
management of RCES, and we hope that our study could 
provide feasibility and a preliminary basis for future 
exploration and clinical application.

Abbreviations
RCES, recurrent corneal erosion syndrome; BCL, bandage 
contact lens; BCLs, bandage contact lenses; BCVA, best- 
corrected visual acuity; VAS, visual analogue scale; OLs, 
ocular lubricants.
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