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ABSTRACT

الأهداف:  استخدام المفراس التلاحمي للجزء البصري الامامي )أي اس- 
تصحيح  بعد  الظهاري  الغشاء  لالتئام  اللازم  الزمن  لمقارنة  تي(  سي  أو 
تحدب قرنية العين بتطبيق الليزر على الطبقة الظهارية )اللازيك( واقتطاع 

القرنية بطريقة الانكسار الضوئي )بي آر كي(.

تتضمن  المسلسلة  للحالات  المرتقبة  التداخلية  الدراسة  هذه  الطريقة:  
الليزر الانكسارية في قسم  56 عيناً من 28 مريضاً الذين تلقوا جراحة 
أمراض العيون في مستشفى كلية الطب جامعة ميدي بول، اسطنبول، 
تركيا، في الفترة ما بين مارس 2014م مايو 2014م. كل مريض خضع 
بطريقة )بي  الاخرى  والعين  بطريقة )اللازيك(  عينيه  للعملية لأحدى 
آر كي(. تم الاختيار بين العينين بطريقة عشوائية. تم فحص كل مريض 
بعد العملية بشكل دوري ولمدة خمسة أيام، وتم حساب الزمن المستغرق 
لشفاء الغشاء الظهاري للقرنية باستخدام الـ ) أي اس- أو سي تي( بدون 
ازالة العدسات اللاصقة المداوية. تم حساب معدل درجات الانزعاج عن 
طريق سؤال المريض عن الألم، رهاب الضوء و تدمع العين بنقاط من الصفر 

)بمعنى لا يوجد( الى 5.

اس-  أي   ( الـ  بطريقة  المقاس  التظهرن  لعودة  الزمني  المتوسط  النتائج:  
و  آر كي(  الـ)بي  مجموعة  في  يوم   3.07±0.64 كانت:  تي(  أو سي 
كان  المجموعتين  بين  والفرق  )اللازيك(  الـ  مجموعة  في   3.55±0.54
واضحاً إحصائياً )بي= 0.03(. المتوسط الانزعاجي الغير الموضوعي كان 
0.50±4.42 في العيون التي خضعت للـ )بي آر كي( و 2.85±0.44 
في العيون التي خضعت للـ )اللازيك( في اليوم الأول للفحص. المعدلات 
التي تم الحصول عليها لدرجة الانزعاج في اليومين الثاني والثالث كانت 
التوالي(.  على  بي=0.03  و   0.024 )بي=  احصائياً،  واضحة  أيضاً 
اليومين الرابع والخامس لم يظهر درجات واضحة احصائياً بين المجموعتين 

)بي=0.069 و بي=0.1( على التوالي.

الخاتمة:  أظهرت طريقة الـ )بي آر كي( زمنا أقصر لالتئام الغشاء الظهاري 
الذي كان واضحاً إحصائياً ولكنه في الوقت نفسه أظهرت درجة انزعاج 

أكثر حتى اليوم الثالث بعد العملية.

Objectives: To compare epithelial healing time 
following laser epithelial keratomileusis (LASEK) 
and photorefractive keratectomy (PRK) with anterior 
segment optic coherence tomography (AS-OCT). 

Methods: This prospective interventional case series 
study comprised 56 eyes of 28 patients that underwent 
laser refractive surgery in the Department of 
Ophthalmology, Medipol University Medical Faculty, 
Istanbul, Turkey, between March 2014 and May 2014. 
Each patient was randomized to have one eye operated 
on with PRK, and the other with LASEK. Patients 
were examined daily for 5 days, and epithelial healing 
time was assessed by using AS-OCT without removing 
therapeutic contact lens (TCL). Average discomfort 
scores were calculated from ratings obtained from 
questions regarding pain, photophobia, and lacrimation 
according to a scale of 0 (none) to 5.

Results: The mean re-epithelialization time assessed 
with AS-OCT was 3.07±0.64 days in the PRK 
group, 3.55±0.54 days in the LASEK group, and the 
difference was statistically significant (p=0.03). Mean 
subjective discomfort score was 4.42±0.50 in the PRK 
eyes, and 2.85±0.44 in the LASEK eyes on the first 
exam day (p=0.001). The score obtained on the second 
(p=0.024), and third day (p=0.03) were also statistically 
significant. The fourth (p=0.069), and fifth days scores 
(p=0.1) showed no statistically significant difference 
between groups.

Conclusion: The PRK showed a statistically significant 
shorter epithelial healing time, but had a statistically 
significant higher discomfort score until the 
postoperative fourth day compared with LASEK. 
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Anterior segment optical coherence tomography 
(AS-OCT) is a valuable, non-invasive and 

non-contact method to evaluate anterior segment 
structures quantitatively. It provides high resolution 
images by using a long wavelength (1.310 nm) of light; 
it offers rapid quantitative analysis of various structures. 
AS-OCT has demonstrated good repeatability and 
reproducibility with low intra-observer and inter-
observer variability.1-3 Since laser in situ keratomileusis 
(LASIK) was introduced in the mid-1990’s, it has 
become the predominant refractive surgery for the 
correction of myopia, hyperopia, and astigmatism.4 
However, LASIK has unique risks, including problems 
related to corneal flap creation and iatrogenic ectasia. 
Despite these factors, where possible, surface ablation 
procedures still advised by most refractive surgeons. 
Photorefractive keratectomy (PRK) is one of the surface 
ablation procedures, performed for treat refractive 
errors in patients not candidates for LASIK. However, 
eyes with PRK have some notable adverse effects like 
severe pain, discomfort and prolonged visual recovery 
due to the process of epithelial wound healing, which 
usually starts on the day of surgery and may last up 
to 4 days after surgery. In 2003, Camellin introduced 
a new technique called laser-assisted sub-epithelial 
keratectomy (LASEK) which would minimize 
discomfort, speed visual recovery time and reduce the 
incidence of corneal haze with PRK by preserving the 
epithelium as a flap and replacing it following the laser 
treatment.5,6 Faster re-epithelialization decreases the risk 
factor for postoperative infections and facilitates earlier 
visual rehabilitation, and reduces patient discomfort. 
Several studies report conflicting results in epithelial 
healing time after LASEK versus PRK because the 
different methods were used. Some comparative studies 
about epithelial healing time have reported no benefits 
of LASEK over PRK. There are also some clinical studies 
have demonstrated controversial results.7-9 The aim of 
the current study is to document the healing process of 
the cornea after LASEK and PRK quantitatively using 
a non-invasive, non-contact, and a more sophisticated 
method AS-OCT without removing therapeutic 
contact lenses (TCL). 

Methods. This was a prospective, randomized, 
single-center study. All surgeries were performed by one 
surgeon. Approval from the Institutional Review Board 

of Medipol University was obtained for the study. 
Twenty-eight patients (56 eyes) participated in this 
study conducted at Medipol University of Medicine 
Eye Clinic, Istanbul, Turkey between March 2014 and 
May 2014. Patients were included if they were at least 
18 years old, and had spherical equivalent manifest 
refraction between -1.00 and -5.00 diopters (D), and 
astigmatism less than -2.00 D, stable refraction at least 
12 months before surgery, and a minimum follow-up 
of 3 months. No one had signs of keratoconus, 
uncontrolled glaucoma, untreated retinal abnormalities, 
or previous intraocular or corneal surgery. The exclusion 
criteria were; older than 40 years, diabetes, and history 
of herpetic keratitis, and previous intraocular, or 
corneal surgery, pregnancy, nursing, collagen vascular 
diseases, or dry eye. Pre-operative assessments included 
uncorrected and best corrected visual acuity, cycloplegic 
refraction, pachymetry with AS-OCT, examination 
of cornea with Orbscan and slitlamp biomicroscopic 
examination of both anterior and posterior segments. 
Tear function was assessed using a Schirmer I test and 
the tear film breakup time (TBUT) was determined. 
Soft contact lens was discontinued for a minimum of 
7 days before examination and treatment. Contralateral 
eyes in each patient were subject to random allocation 
through which, PRK surgery was carried out on one 
eye, and LASEK was carried out for the other eye of 
same patient by the same surgeon. All patients agreed 
to participate and gave their informed consent forms 
after the nature of the procedure had been explained. 
This study was conducted according to the declaration 
of Helsinki and relevant laws/regulations.

Surgical procedures. All procedures were performed 
with the VISX Star S4 excimer laser using a standard 
protocol by the same surgeon. The aim of the surgery 
was emmetropia. Preoperatively 10% povidone-iodine 
was used to clean the eyelids and periocular area for 
1 minute, and then the eye was washed out with 20 
ml of a balanced salt solution. All treatments were 
performed using topical anesthesia with one drop of 
0.5% proparacaine (Alcaine, S.A. Alcon-Couvreur, 
Puurs, Belgium). A closed-loop lid speculum is used to 
retract the lids of the eye to be treated, and the other eye 
was occluded.

The PRK. A 7.0-mm optical zone marker was 
applied to the cornea, centered over the entrance pupil. 
The epithelial cell layer of the cornea was debrided with 
a crescent knife and then photoablation was performed 
on the corneal stroma. The corneal surface and entire 
conjunctiva were irrigated with a balanced salt solution 
and the excess fluid was removed with another cellulose 
sponge.

Disclosure. Authors have no conflict of interests, and the 
work was not supported or funded by any drug company.



69www.smj.org.sa     Saudi Med J 2015; Vol. 36 (1)

Assessment of epithelial healing time with AS-OCT ... Eliaçik et al

The LASEK. An alcohol solution cone (J2908, 
Janach, Como, Italy) with a 10 mm diameter was applied 
to the corneal surface, and a 20% ethyl alcohol solution 
diluted with distilled water was filled inside the cone 
and was left for approximately 40 seconds. At the end 
of the time a merocel sponge (Medtronic Ophthalmics 
Inc, Jacksonville, FL) was used to soak up the alcohol 
in the cone and the entire ocular surface was carefully 
washed off with a balanced salt solution. An epithelial 
microhoe (Janach J2916A) was used to detach the flap 
edge and then the flap was shifted as one intact sheet 
toward the 12:00 position using an epithelial flap peeler 
(Janach J2930A). After the denuded corneal surface was 
ablated, the epithelial flap was washed with balanced salt 
solution and gently repositioned with using a spatula 
(Janach J2920A). For all treatment groups, at the end 
of surgery a therapeutic contact lens (TCL) (Purevision; 
base curve of 8.3 mm, 0 diopter (D), diameter of 14 
mm; Bausch Lomb, Rochester, NY) was fitted to the 
treated eye with contact lens applanator (Janach J2935) 
after one drop of both 0.3% ciprofloxacin and 0.1% 
diclofenac were instilled on the surgical site. 

Postoperative Medication: All patients were 
examined daily during 5 days follow up. Postoperative 
treatment included topical diclofenac and tobramycin 
drops 4 times daily during the reepithelization 
period. A preservative-free sodium hyaluronate 0.1% 
drops were applied every hour during first 48 hours 
postoperatively and 4 times in a day for 1 month. After 
re-epithelialization, 0.3% tobramycin (Tobrex, Alcon-
Couvreur, Puurs, Belgium) and 0.1% deksametazon 
(Maxidex ,Alcon-Couvreur, Puurs, Belgium) were 
administered four times daily for 10 days and twice in 
a day for 15 days.

Postoperative examinations. All patients were 
examined every day for 5 days, then at the 10th day, 
and 1, and 3 months. During first 5 days, specifically 
epithelial healing was followed up. Epithelial wound 
healing was assessed using Visante OCT Anterior 
Segment Imaging (Carl Zeiss Meditec, Inc, Berlin, 
Germany) by imaging the cornea with TCL in-situ. 
OCT images taken immediately after surgery and then 
every 24 hours until complete epithelial healing had 
occurred. Horizontal and vertical radial images through 
the central cornea were obtained for each eye on 
central fixation position to show sections of migrating 
epithelial tissue. The TCLs were removed when 
complete epithelialization was determined. All patients 
were interviewed in standardized conditions with prior 
information to ensure valid reliable responses. Pain, 
photophobia, and lacrimation were each given a score 
from 1 to 5. Patients were asked for each complaint 
separately during 5 days thereafter surgery until 

complete healing had occurred. At the 10th day, 1 and 
3 months after surgery, uncorrected and best spectacle-
corrected visual acuity, manifest refraction, slit-lamp 
microscopy, corneal topography with Orbscan were 
performed by one investigator. Subepithelial stromal 
haze was evaluated with the slit lamp microscope using 
broad tangential illumination, and graded as 0 to 4+ by 
2 authors at different times, and different examination 
rooms. In our study, each patient served as him or her 
own control subject. 

The Statistical Package for Social Sciences software 
version 17 (SPSS Inc, Chicago, IL, USA) was used for 
statistical analysis. The normality of the distribution of 
each of the parameters was checked using the normal 
Kolmogorov-Smirnov test. Visual acuity data were 
converted from Snellen chart values to LogMAR notation 
for statistical analysis. The Mann-Whitney U test was 
used to compare discomfort scores and reepithelization, 
and chi-squared test was used postoperative uncorrected 
distance vision. The significance level was set to α = 
0.95 and p<0.05 was considered significant.

Results. The average age of the patients was 26.39 
± 4.99 years (range: 18-34 years). There were 16 men 
(57.1%) and 12 women (42.9%). Follow-up rates were 
100% up to 3 months.

Epithelial healing and haze. The time required for 
reepithelialization was 3.07 ± 0.64 days in the PRK 
group, and 3.55 ± 0.54 days in the LASEK group, and the 
difference was statistically significant (p=0.03) (Figures 
1-3). Up to 3 months postoperatively, subepithelial 
haze was graded separately by 2 masked practitioners. 
There was no difference in the subepithelial opacity 
between the 2 groups (p=0.244). Almost all patients 
showed a subepithelial opacity below, or equal to grade 
1. However only one eye in the PRK group showed 
opacity grade 2.

Discomfort score. Mean subjective discomfort 
score was 4.42 ± 0.50 in PRK eyes, and 2.85 ± 0.44 
in LASEK eyes on the first exam the day after surgery. 
In the PRK eyes, there were no significant decrease in 
pain until third day, and in LASEK eyes discomfort 
scores were stable during this session. At the fourth day 
both groups’ scores were nearly same (PRK eyes: 2.1 ± 
0.42, LASEK eyes: 1.67 ± 0.6). After the third day, no 
statistical differences were found between these groups 
(Figure 4).

Refractive outcomes. The mean preoperative manifest 
spherical equivalent refraction and refractive cylinder in 
the eyes that received each of the procedures are shown 
in Table 1. Baseline spherical equivalent refraction and 
refractive cylinder were not statistically different in both 
groups (p=0.364 [PRK], and p=0.667 [LASEK]). The 
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Figure 1 - Optical coherence tomography images from patient No. 12’s 
right eye (laser-assisted sub-epithelial keratectomy [LASEK]) 
showing: A) at the first hour of surgery over central cornea 
vertex, showing LASEK flap under therapeutic contact lenses 
(TCL); B) first post-operative day over temporal limbus, 
showing migrating epithelial layer under TCL (arrow); C) 
second post-operative day over central corneal vertex; and D) 
fourth post-operative day, showing complete epithelial layer 
under TCL.

Figure 3 - Images from eye of patient no. 12. Fourth postoperative day 
after removing therapeutic contact lenses (TCL) and staining 
with florescein sodium. A, B) laser-assisted sub-epithelial 
keratectomy (LASEK) eye, and C, D) photorefractive 
keratectomy (PRK) eye.

Figure 4 - Mean discomfort scores after photorefractive keratectomy 
(PRK) and laser subepithelial keratomileusis (LASEK).

Figure 2 - Optical coherence tomography images from  patient No. 12’s 
left eye (photorefractive keratectomy [PRK]) showing: A) at 
the first hour of surgeryover central cornea vertex, showing 
absence of epithelial layer and edges of epithelial edges under 
therapeutic contact lenses (TCL); B) first post-operative day 
over temporal limbus, showing edge of epithelial layer (arrow); 
C) second post-operative day over showing edges of epithelial 
layer (arrows); and D) third post-operative day, showing 
complete epithelial layer under TCL.

mean spherical equivalent refractions of both groups at 
1 and 3 months after surgery are summarized in Table 
1. There were no statistically significant differences 
between refraction in the 2 groups at the mentioned 
visits (p=0.490 [PRK], and p=0.573 [LASEK]).

Visual outcomes. Baseline uncorrected visual acuity 
and best spectacle-corrected visual acuity were not 
statistically different among the eyes that received each 
of the procedures. The number and percent of eyes with 
uncorrected visual acuity at the first week, 1, and 3 
months after surgery are shown in Table 2. There were 

no statistically significant differences in uncorrected 
visual acuity after LASEK and PRK during follow-up. 
All patients had 20/20 visual acuity at the end of the 
examinations; no eyes needed spectacle-correction for 
better visual acuity. 

Discussion. Anterior segment optical tomography 
has become a widely used diagnostic technique 
for examination of the cornea since 2006.10,11 The 
AS-OCT is applicable to measure and visualize the 
anterior chamber, cornea and surrounding areas. 
It provides sensitive and detailed observation, and 
quantitative measurements of the changes. It has several 
advantages over other techniques. It is a light-based 
system that rapidly provides high-resolution images. Its 
non-contact nature ensures patient comfort and allows 
for rapid image acquisition in the sitting position. It 
also allows quantitative and dynamic data analysis with 
high reproducibility and repeatability.12 The present 
study demonstrated progression of epithelial healing 
in situ in patients with TCL lenses following PRK and 
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LASEK as measured quantitatively by AS-OCT. The 
second aim of this paper was to compare the primary 
(best corrected vision, manifest refractive spherical 
equivalent) and secondary outcomes (pain, haze) after 
2 different surgical procedures.

Although evaluation of the epithelial healing process 
with using OCT is not a new idea, in this study the 
effects of 2 different surface ablation techniques 
were compared quantitatively by AS-OCT.10,11 We 
attempted to verify previous studies’ preliminary results 
by changing methods and using AS-OCT. In previous 
studies, the size of the remaining epithelial defect was 
visualized with the use of fluorescein, which is generally 
contraindicated in the presence of a TCL due to lens 
staining. The TCL removal is thus, required to enable 
fluorescein staining to assess the epithelium, but carries 

the risk of traumatizing new epithelium, which is easily 
detachable during the early phase of healing, and which 
may further delay full epithelialization. A non-invasive 
method for monitoring epithelium healing under the 
TCL will be useful to detect the appropriate time point 
for TCL removal.

Surface ablation techniques have become increasingly 
important for low to moderate myopia since LASIK 
complications like flap creating and managing problems 
and corneal ectasia. Refractive surgeons need to find 
out the answer of which surface ablation technique is 
better than the others. Since mid-2000’s, studies have 
been conducted to find this answer become popular. 
The published literature as to which method is the 
best is somewhat confusing. No statistically significant 
difference was noted regarding the primary and 
secondary outcomes of LASEK and PRK by 2 meta-
analysis conducted between 2008 and 2010.7,9 Similary 
Ghoreishi et al13 found same results after comparing 
alcohol-assisted versus mechanical epithelium removal 
in PRK in 1,250 eyes. In other studies, Epi-LASIK and 
Transepithelial PRK seemed more preferable methods 
when they comparing conventional techniques as LASEK 
and PRK.4-6,14-16 In contrast to these findings. Ghamen 
reported a statistically significant shorter epithelial 
healing process after PRK than butterfly LASEK.8,17 

Recently, Einollahi18 demonstrated the adverse effects 
of mechanical epithelial debridement on anterior 
keratocyte density and anterior stromal reflectivity 
using confocal microscopy. They also recommended 
alcohol-assisted epithelial debridement as the procedure 
of choice for epithelial removal in patients with mild 
myopia. The results of these studies, while conflicting, 
all report excellent visual and refractive outcomes with 
surface ablation techniques. The first step and common 
feature of all these techniques is removing corneal 
epithelium over ablation area using different methods. 
The corneal epithelium is highly resistant to pathogen 
penetration and epithelium tries to restore its protective 
barrier as quickly and efficiently as possible after surface 
refractive procedures. Faster reepithelialization provides 

Table 1 - Refractions before and after LASEK and PRK in 28 patients (56 eyes).

Refractive error PRK LASEK P-value*
Mean ± standard deviation

Spherical equivalent 
refraction, diopter

Baseline        -2.64 ± 0.77 (-1.00  to -4.50)        -2.59 ± 0.82 (-1.25 to -4.00) 0.364
1 month       +0.50 ± 0.34 (-0.25 to +1.00)        +0.50 ± 0.37 (-0.25 to +1.25) 0.49
3 months       +0.14 ± 0.36 (-0.50 to +0.75)        +0.15 ± 0.40 (-0.25 to +0.50) 0.573

Cylindrical refraction, diopter -0.79 ± 0.63 (0 to -2.00) -1.00 ± 0.74 (0 to -200) 0.667
LASEK - laser epithelial keratomileusis, PRK - photorefractive keratectomy, *Mann Whitney U test

Table 2 - Refraction and visual acuity changes during follow-up.

Refractive error PRK LASEK P-value*
n (%)

Spherical equivalent 
refraction after surgery 
within ± 0.50 diopter

1 month 17 (63.0) 18 (67.0) >0.05
3 months 26 (92.0)       25 (89.0) >0.05

Spherical equivalent 
refraction after surgery 
within ± 1.00 diopter

1 month 27 (96.0)     28 (100) >0.05
3 months 28 (100)      28 (100) >0.05

Uncorrected visual acuity
≥20/40

1 week 22 (78.0) 24 (86.0) >0.05
1 month 28 (100)    28 (100) >0.05

3 months 28 (100)   28 (100) >0.05
≥20/20

1 week 10 (36.0)   12 (43.0) >0.05
1 month 22 (78.0)      23 (82.0) >0.05
3 months 28 (100)    28 (100) >0.05

PRK - photorefractive keratectomy, LASEK - laser epithelial 
keratomileusis, UCVA - uncorrected visual acuity. *Chi-squared test
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an earlier visual rehabilitation, reduction of discomfort 
and quicker restoration of barrier. 

Since LASEK was introduced mid-1990s, 20% 
alcohol is commonly used to create an epithelial flap 
during this surgical procedure.4 In 2012, Zhang et al19 

demonstrated ocular toxicity of 18-20% alcohol over 
corneal epithelial cells. Due to their study, alcohol 
could delay corneal epithelium restoration after surgery 
during the early postoperative period by slowing down 
the establishment of epithelial tight junctions. Likewise 
in this study, we found the mean epithelial healing time 
shorter in PRK eyes than LASEK eyes. Similar to other 
studies, we found no statistically significant difference 
between compared techniques in uncorrected visual 
acuity and haze 3 months after surgeries, but mean 
discomfort scores was higher in PRK group, and it was 
statistically significant. 

All researchers have simply quantified epithelial 
defect by using slit-biomicroscopic evaluating and 
using fluorescein staining. The time of TCLs removal 
was decided when there was no observable remaining 
epithelial defect. There was no additional explanation 
about iatrogenic trauma induced by actions to assess 
the wound area. Also the debris on contact lenses could 
affect the objectivity of investigators’ observation on 
corneal wound area. As a result of this, determination 
have arisen doubts about the objectivity of the all 
the results that were indicated by previous studies. 
The question to be asked is if delays in tight junction 
formation make corneal epithelium more vulnerable 
to iatrogenic trauma achieves by TCLs removing. We 
controlled the factors that could affect the objectivity 
of this study by changing methods and using AS-OCT.

In summary, AS-OCT demonstrates the ability to 
monitor the corneal epithelial healing under a TCL 
and provides information of clinical value regarding the 
healing process after surface ablation techniques. This 
technology has revolutionized our ability to examine 
and will eventually useful than more of the applications 
currently performed with other technologies. Major 
limitation of this study is small number of cases. 
Furthermore, randomized clinical trials including 
more cases using AS-OCT are necessary to investigate 
the differences between surface ablation techniques to 
provide the right choice for patients.
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