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ABSTRACT | Purpose: This study aimed to compare the 
effectiveness of eye drops containing a combination of sodium 
hyaluronate and trehalose and sodium hyaluronate for the tre-
atment of corneal cross-linking and epithelial healing. Methods: 
This study included 46 eyes of 23 keratoconus patients who 
underwent corneal cross-linking on both eyes. Unpreserved 
trehalose 30 mg/mL and sodium hyaluronate 1.5 mg/mL (Thealoz 
Duo®; Thea, France) were applied six times a day on one eye of 
each patient and unpreserved sodium hyaluronate 0.15% (Eye 
Still®; Teka, Inc., Istanbul) was applied on the other eye. Patients 
were examined daily until complete re-epithelialization. Posto-
perative examinations to assess the measured size of epithelial 
defect were performed using slit-lamp biomicroscopy. Results: 
The study included 23 patients (13 females and 10 males) with 
a mean age of 20.9 ± 10.3 years. Corneal epithelial healing 
time after cross-linking was 2.3 ± 1.2 days for the trehalose and 
sodium hyaluronate group and 3.8 ± 2.9 days for the sodium 
hyaluronate group (p=0.03). Conclusion: The application of 
eye drops containing the combination of trehalose and sodium 
hyaluronate resulted in faster corneal re-epithelialization following 
corneal cross-linking than that of eye drops containing sodium 
hyaluronate alone.
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RESUMO | Objetivo: Este estudo teve como objetivo comparar 
a eficácia de colírios contendo uma combinação de hialurônico 

de sódio e hialuronato de sódio e trealose para o tratamento da 
cicatrização epitelial em pacientes com cross-linking corneano. 
Métodos: Este estudo inclui 46 olhos de 23 pacientes com 
ceratocone, que foram operados com cross-linking corneano 
em ambos os olhos. Trealose não preservada 30 mg/mL e 
hialuronato de sódio 1,5 mg/mL (Thealoz Duo®; Thea, França) 
foram aplicados seis vezes por dia em um olho de cada paciente 
e hialuronato de sódio não conservado, 0,15% (Eye Still®; Teka, 
Inc., Istambul) foi aplicada no outro olho. Os pacientes foram 
examinados diariamente até a completa reepitelização. Exames 
pós-operatórios para avaliar o tamanho medido do defeito epi-
telial foram realizados usando biomicroscopia com lâmpada de 
fenda. Resultados: O estudo incluiu 23 pacientes (13 mulheres 
e 10 homens) com idade média de 20,9 ± 10,3. O tempo de 
cicatrização epitelial da córnea após o cross-linking foi de 2,3 ± 
1,2 dias para o grupo trealose e hialuronato de sódio e 3,8 ± 2,9 
dias para o grupo hialurônico de sódio (p=0,03). Conclusão: 
A aplicação de gotas para os olhos contendo combinação de 
trealose e hialuronato de sódio resultou em uma re-epitelização 
da córnea mais rápida após o cross-linking corneano do que a 
de gotas contendo hialurônico de sódio apenas.

Descritores: Ceratocone; Epitélio anterior; Cicatrização; Trealose; 
Ácido hialurônico; Soluções oftálmicas; Reagentes para ligações 
cruzadas

INTRODUCTION
Keratoconus is the most common primary ectasia 

and is characterized by corneal steepening, visual dis-
tortion, apical corneal thinning, and central corneal 
scarring. Corneal cross-linking (CXL) has become a 
conventional treatment method for progressive kerato-
conus over the past decade. CXL is primarily performed 
to halt the progression of corneal ectasia. Riboflavin 
combined with ultraviolet A irradiation (UVA) allows 
for the strengthening of corneal tissue. Riboflavin acts 
as a photosensitizer in the photopolymerization process, 
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and when combined with UVA irradiation, it increases 
the formation of intrafibrillar and interfibrillar carbonyl-
-based collagen covalent bonds via a molecular process 
that remains unclear(1).

Riboflavin and UVA can be applied after scraping off 
the corneal epithelium or alternatively, in CXL. Ribofla-
vin cannot permeate the corneal epithelium because of 
its hydrophilic macromolecule properties, which is why 
the corneal epithelium is removed. The use of therapeu-
tic contact lenses and artificial tears can speed up the 
corneal epithelium healing process. A new type of eye 
drop comprising a combination of trehalose and sodium 
hyaluronate has been recently introduced. Trehalose has 
a unique promoting cell survival under desiccation by 
stabilizing lipids and cell membrane proteins and redu-
cing the number of dead cells on the ocular surface(2).

In our study, patients had CXL in both eyes during 
two separate sessions and were treated with sodium 
hyaluronate (SH) alone in 1 eye and with a combina-
tion of trehalose and SH (TH-SH) in the other eye and 
re-epithelialization periods were compared between 
these groups.

METHODS

This study was approved by the local Ethics Commit-
tee of the Ankara Numune Research and Training Hos-
pital and adhered to the principles of the Declaration 
of Helsinki.

Both eyes of 23 patients underwent epithelium-off 
(epi-off) CXL in two separate sessions, which had pro-
gression of >1 diopter (D), Kmax increase, >2% thin-
ning on the thinnest point of the cornea, and a >0.5 D 
increase on the manifest refraction spherical value on 
Scheimpflug camera (Pentacam) evaluation. The first 
operated eye of each patient was treated with SH alone 
for epithelial healing, and the second eye was operated 
an average of 2 weeks after complete re-epithelialization 
of the first eye was obtained and treated with TH-SH.

Surgical procedure and postoperative treatment

Prior to CXL operation, proparacaine hydrochloride 
0.5% (Alcaine; Alcon Laboratories, Puurs, Belgium) 
was applied. The operation started with central 8.0 
mm corneal epithelium debridement using a crescent 
knife (Beaver-Visitec International Inc., Waltham, MA, 
USA) with the application of 20% alcohol for 30 s with 
trephine. Afterward, 5% NaCL solution was used for a  
thorough cleaning. Riboflavin treatment (0.1% riboflavin-

5′-phosphate and 20% dextran T-500) was immediately 
started after epithelium removal and continued for 30 
min at 2-min intervals. In addition, riboflavin was conti-
nued to be applied at 2-min intervals during the course 
of a 10-min exposure to 9 mW/cm2 UVA.

Finally, a therapeutic contact lens (Air Optics; Alcon, 
Inc.) was fitted. During the treatment period, both eyes 
underwent standard treatment with diclofenac (Acular 
LS®) and netilmicin (Netira®), both four times daily. One 
eye of each patient was treated with sodium hyaluro-
nate (Eye Still®) and the other eye with TH-SH (Thealoz 
Duo®), both six times daily. Both eyes of the same patient 
undergoing different treatments were followed up every 
day until complete re-epithelialization was observed.

Analysis of epithelial defects

The size of the corneal defect was measured using 
a cobalt blue filter following the instillation of 2 μL 1% 
fluorescein solution. Recorded images were analyzed 
using ImageJ software (NIH, Bethesda, MD, USA) using 
the binary process. The size of the epithelial defect was 
calculated and expressed as that relative to the central 
8.0 mm cornea. Epithelial status was also examined 
using slit-lamp biomicroscopy on postoperative days 1, 
2, 3, 4, 5, and 7 until total epithelial healing was achieved. 
The level of re-epithelialization was measured daily by 
removing the contact lens. If epithelialization was not 
completed, then the contact lens was reattached and 
then removed when re-epithelialization was complete.

The present study did not include CXL patients aged 
<18 years, those with previous eye surgery, or those 
with potential epithelial healing problems including 
severe dry eye or diabetes mellitus.

Data were analyzed using IBM SPSS 20.0 Statistics for 
Macintosh (SPSS, Inc, Chicago, IL, USA). Independent 
samples t test was performed to compare astigmatism, 
central corneal thickness, and best-corrected visual 
acuity, and a paired sample t test was performed to 
compare total epithelialization time and size. p<0.05 
was considered statistically significant.

RESULTS

Overall, 46 eyes of 23 patients (13 females, 10 males) 
underwent epi-off CXL. Mean age of patients was 25.3 
years (19-35). Clinical presentation of the patients is 
shown in table 1.

No significant difference was found between the two 
groups for Kmax, astigmatism, central corneal thickness 
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Epithelial defects in the central 8.0 mm debridement 
area of the corneal epithelium were noted in both eyes 
of 23 patients in the SH and TH-SH groups, respectively, 
The TH-SH group had epithelial defects with a mean 
percentage area relative to the whole debrided area of 
26.2% ± 31.1% (range, 16%-92%) on day 1, 16.2% ± 
21.1% (range, 10%-40%) on day 3, and 8.3% ± 11.1% 
(range, 0%-10%) on day 5. The SH group had epithelial 
defects with a mean percentage area of 32.5% ± 25.7% 
(range, 0.19%-72%) on day 1, 22.8% ± 13.7% (range, 
0.15%-58%) on day 3, and 11.5% ± 13.7% (range,  
0%-18%) on day 5 with a statistically significant diffe-
rence between the two groups on day 1 (p=0.021) and 
day 3 (p=0.047).

All patients tolerated the use of contact lenses, and 
no recurrent epithelial problems were noted following 
contact lens removal. No complications, such as infec-
tion, contact lens damage, or corneal infiltration, were 
noted.

DISCUSSION

CXL is a convenient technique developed on the un-
derlying pathology of the keratoconus. CXL is a relatively 
new approach where new covalent bands reform with 
the application of riboflavin and UVA. CXL complication 
rates ranged from 1% to 10% depending on the stage 
of keratoconus, with early postoperative complications 
including transient stromal haze, sterile infiltrates, en-
dothelial decompensation, delayed epithelial healing, 
and infectious keratitis. Moreover, stromal opacity can 
be a delayed postoperative event(3).

Diluted ethanol was used to reduce structural and 
ultrastructural changes due to the toxic effect of alcohol 
on the corneal epithelial cell. Trehalose showed better 
morphological and morphometric features of alcohol-trea-
ted corneal epithelium and epithelial thickness than the 
control group in LASEK(4). In the present study, diluted 
ethanol was used in epi-off CXL. Re-epithelialization of 
the TH-SH group may have been faster than that of the 
SH group because trehalose stays on the corneal surface 
for a prolonged time without preservatives.

Epithelium healing following CXL is a critical step. 
During this time, fast healing reduces the risks of infec-
tion and pain-related discomfort. Confocal microscopy 
analysis showed that epithelial healing was complete 
at 1 week after cross-linking. The subepithelial plexus 
demonstrated nerve plexus loss at 1 month and nerve 
fiber regeneration, which was started at 3 months and 

Table 1. Clinical Presentation of Patients Before CXL

N=46 SH (n=23) TH-SH (n=23) p

Kmax (D) 58.73 (47-63) 60.3 (48-73) 0.211

Astigmatism (D) 5.82 (3.2-8.7) 6.1 (3.4-9.2) 0.312

Central corneal thickness (CCT, µm) 462 (403-486) 448 (408-492) 0.245

Best-corrected visual acuity (BCVA, 
logMAR)

0.61 (0.1-1) 0.52 (0.1-1.3) 0.315

(CCT), and best-corrected visual acuity (BCVA) prior to 
Coppock-like cataract operation (p≥0.05).

Corneal epithelial healing after CXL was observed 
after 2.3 ± 1.2 days (range, 1.0-5.0 days) in the TH-SH 
and 3.8 ± 2.9 days (range, 1-7 days) in the SH group, 
and the difference was statistically significant (p=0.03). 
TH-SH patient’s corneal epithelium defect with fluores-
cein on the first and (A) second postoperative days (B) 
are shown in figure 1.

Figure 1. A) TH-SH patient’s corneal epithelium defect with fluorescein 
on postoperative day 1. B) TH-SH patient’s corneal epithelium defect with 
fluorescein on postoperative day 2.

A

B
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completed at 6 months(5). Total re-epithelialization  
following CXL was observed 2.7 ± 0.7 days after the  
epi-on and 2.3 ± 0.4 days after the epi-off procedures(6). 
In the present study, corneal epithelial healing was obser-
ved following epi-off CXL at 2.3 days (range, 1-5 days) 
for the TH-SH group and at 3.8 days (range, 1-7 days) for 
the SH group. Using the epi-off technique, our patients 
showed improved treatment of re-epithelialization for a 
longer time. This difference may be related to the more 
objective measurement of re-epithelialization using Ima-
geJ software.

Common treatment methods to shorten the re-epi-
thelialization period include contact lens fitting and the 
use of artificial tears. A new bioprotectant agent-treha-
lose-combined with SH may accelerate epithelization. 
SH is a component of natural tears and a polysaccharide 
comprising repeating disaccharide. SH protects corneal 
epithelial cells, stimulates epithelial migration and 
adhesion, and has a long-term thickening effect on tear 
film layer. SH has very good biocompatibility and vis-
coelastic characteristics, remains on the ocular surface 
for a prolonged time, and increases fluorescein breakup 
time(7). CD44, the hyaluronate receptor expressed in 
corneal and conjunctival cells, promotes the interac-
tion of cytoskeletal proteins(8-10). Moreover, hyaluronate 
binding to CD44 may stimulate cell proliferation via a 
mechanism involving a kinase cascade(11).Thus, SH exhibits 
anti-inflammatory activity.

Trehalose is a natural disaccharide that can be syn-
thesized by bacteria, fungi, plants, and invertebrate ani-
mals. Trehalose production in the cytoplasm increases 
during stress and protects the organism with its osmo-
protectant and bioprotectant characteristics. Under dry 
conditions, trehalose stabilizes the cell membrane lipid 
bilayer by osmoprotection and prevents desiccation-
-related cell damage. In addition, trehalose plays a role 
in signal generating or regulating molecules for reducing 
autophagy, apoptosis, and inflammation-related cell 
deaths. It hydrates the corneal epithelial cell, prevents 
desiccation, and improves the epithelial surface by su-
ppressing apoptosis(12). Trehalose not only preserves the 
cell membrane and membrane proteins from deactiva
tion or denaturation but also has a protective role in 
reconstructed corneal epithelium(13,14).

Chen et al. have demonstrated that trehalose appli-
cation restores ocular surface integrity and suppresses 
inflammatory and proteolytic MMP-9 and Hsp70 expres-
sion and keratinization in mice with dry eye damaged by 
a desiccation model(15).

A study that compared TH-SH with polyethylene 
glycol/propylene glycol (Systane®) in patients with dry 
eye observed no significant difference on the ocular 
surface disease index, ocular staining scores (fluorescein 
and lissamine green), Schirmer test, and tear breakup 
time. Patient comfort was significantly better in the 
TH-SH group according to the visual analog scale(16). 
Schmidl et al. have indicated that a single application of 
TH-SH eye drops increases tear film thickness in patients 
with dry eye disease(17).

SH, with its reported efficacy on symptoms, wound 
healing properties, anti-inflammatory action, and when 
combined with the osmoprotectant and bioprotectant 
activities of trehalose, can be considered more useful for 
the treatment of epithelial healing following CXL.

Although a new molecule introduced for the treatment 
of dry eye, trehalose also plays an important role in 
corneal epithelium healing. Because trehalose is a rela-
tively new agent, we recommend that further studies are 
warranted for assessing its performance.
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