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Introduction

Hyperopia is a common refractive error that is usually corrected 
with eyeglasses or contact lenses. Following the fast advancement 
in refractive surgery and technology, eyeglasses or contact lenses 
were no longer the single treatment option in refractive errors. 
Today, extraction of  transparent lens and intraocular lens implan-
tation, phacic intraocular lens applications and corneal surgeries 
are performed for correction and treatment of  refractive errors. 
Excimer Laser is the most widely used method in refractive sur-
gery methods. In this method, cornea is reshaped using 193 nm 
argon-flourine laser and cornea is corrected according to patient’s 
refractive error. Different techniques can be chosen for patients 
with differences in cornea structure, refraction errors and patient 
expectations. The most frequently used methods are PRK (Pho-
torefractive keratectomy), LASIK (Laser in situ keratomileusis) 
and LASEK (Laser subepithelial keratomileusis) [1, 2].

PRK is the first widely used excimer laser method. In this method, 
cornea epithelium is mechanically peeled and then excimer laser 
is applied. PRK is used as a safe, efficient and predictable method 
in correction of  myopia and astigmatism as well as treatment of  
hyperopia. However, post-operative pain, corneal haze formation, 
high regression rate and late stabilization of  visual acuity in pa-
tients with high grade hyperopia (>+6.00) are the disadvantages 
of  this method [3, 4].

The main objective of  this study was to investigate the long-term 
efficacy, predictability, stability and reliability of  PRK applications 
in hyperopia patients by analyzing pre-op and post-op refraction 
values, visual acuity and possible post-operative complications.

Methods

Seventy-six eyes of  42 patients that received PRK treatment in 
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our clinic’s Corneal and Refractive Surgery department were ret-
rospectively reviewed. Patients without regular control appoint-
ments and with follow-up periods less than 6 months were not 
included in the study.

All patients underwent a complete ophthalmological examination 
before operation including uncorrected visual acuity (UCVA) and 
best corrected visual acuity (BCVA) measurement (converted into 
Logarithm of  the Minimum Angle of  Resolution [logMAR] to 
be used in statistical analysis), refraction measurement (manifest 
and with cycloplegia), and fundus examination with dilation using 
bio-microscope were performed. Keratometry values (K), corneal 
topography, central corneal pachymetry and pupil diameter were 
measured using Sirius 3D Rotating Scheimpflug Camera-Topog-
raphy System (Costruzione Strumenti Oftalmici, Florence, Italy). 
Pneumatic tonometer was used to measure intraocular pressure. 
Patients included in the study were divided into 2 groups accord-
ing to their spherical equivalent (SE) values. Group 1 included 14 
eyes with low grade hyperopia and/or hyperopia with astigmatism 
(SE value +1.00 diopters [D] to + 2.99 diopters) and group 2 had 
42 eyes with high grade hyperopia and/or hyperopia with astig-
matism (SE value +3.00 to +6.50 D). Both groups were analyzed 
in terms of  post-operative refraction, UCVA, BCVA, post-opera-
tive corneal haze grades, keratometry values (Sim K1= Simulated 
keratometry in the steepest meridian, Sim K2 = Simulated ker-
atometry in the flattest meridian), stabilization period and results 
of  treatment interventions. All patients were informed about the 
risks and present alternatives for surgical procedure and a written 
consent was taken.

Corneal haze evalution was graded using the following objective 
criteria using the slit-lamp biomicroscopia:

Grade 0: Completely clear cornea
Grade 1: Traces of  reticular subepithelial haze visible only with 
broad tangential illumination
Grade 2: Clearly visible reticular subepithelial haze diffusely dis-
tributed
Grade 3: Grade 2 haze with areas of  confluence
Grade 4: Dence opacity completely obscuring details of  intraoc-
ular structures.

Surgical Method

All patients were operated by the same surgeon (NC). First, af-
ter administering topical proparacaine 0.5%; (Alcaine, Alcon) 
and disinfection of  the skin surface area around the eyes with 
povidone-iodine solution, area was draped and lid speculum was 
positioned. 8.0-9.00 corneal trephine was positioned over cor-
nea. The container was filled with 20% ethyl alcohol and kept for 
20 seconds. After that, the alcohol was absorbed using cellulose 
sponge and cornea was washed with BSS. Epithelium was lift-
ed and separated from incision edges using crescent blade. After 
drying stroma, laser ablation was performed (SCHWIND ESIRIS 
excimer laser's ORK-CAM software [SCHWIND eye-tech solu-
tions, Kleinostheim, Germany]). An antibiotic eye drop ofloxacin 
0.3%; (Exocin, Allergan) was administered and a therapeutic con-
tact lens was fitted. Topical antibiotic eye drops ofloxacin 0.3%; 
(Exocin, Allergan) qid and artificial tears hyaluronic acid 0.15%; 
(Eyestil, Teka) qid was used in post-operative period. Following 
the closure of  corneal epithelium, contact lens was removed and 
topical fluoromethalone 0.1%; (Flarex, Alcon) qid was added to 

treatment regime. The treatment period was completed to one 
month and patients were followed in an outpatient basis on first 
week, first month, third month and sixth month of  the operation 
and then in 6-month periods.

Statistical Analysis

SPSS for Windows Version 15.0 programme was used for statis-
tical analysis. Numerical variables were summarized with average 
± standart deviation, median and minimum-maximum values; ca-
thegorical variables were summarized with number and percent-
age. Continuous variables were compared with student's t-test and 
qualitative variables were compared with chi square test between 
groups. The level of  significance was set at 0.05 with 95% confi-
dence interval.

Results

Twenty-eight (69.73%) male and 14 (30.26%) female patients 
were included in the study. Mean age of  the patients was 33.97 ± 
10.26 years (18-51) and mean patient follow-up period was 27.16 
± 8.43 (6-39) months.

Results of  patients were assessed separately for each group.

Refraction

Table 1 shows the refraction status of  the patients with time in SE 
values. Preoperative mean SE value in group 1 was +1.64 ± 0.76 
D and postoperative mean SE values were -0.63 ± 1.15 D, +0.09 
± 0.86 D, +0.29 ± 0.90 D, +0.20 ± 1.01 D during first, third, sixth 
month of  the operation and in final follow-up examination (Table 
1). In group 2, those values were +4.45 ± 1.18 D in preoperative 
period and -0.47 ± 1.20 D, +0.51 ± 1.08 D, +0.81 ± 1.23 D and 
+1.56 ± 1.37 D during first, third, sixth month of  the operation 
and in final follow-up examination (Table 1).

As seen in Table 1, during the first month of  the operation both 
groups had myopic SE meanwhile in the third month; SE was 
closer to emetropia. After 3 months, a slight regression which is 
more significant in group 2 was detected (Figure 1).

Visual Acuity

Mean UCVA in both groups were significantly higher in the last 
control in comparison with pre-PRK period (p=0.002 in group 
1, p=0.001 in group 2). There was no significant change in mean 
BCVA from preoperative to postoperative period (p=0.48 for 
group 1 and p=0.46 for group 2).

Eleven (78.57%) eyes in group 1 had no change in BCVA after 
the treatment meanwhile two (14.28%) had one line and one 
(7.14%) had a two line increase. In group 2, 48 (78.57%) eyes had 
no change whereas 6 (9.67%) eyes had one line and one (1.61%) 
eye had a two line increase. Four (6.45%) eyes had one line and 2 
(3.22%) eyes had two line vision loss.

Central Cornea Thickness (CCT)

Mean preoperative CCT was 536.87 ± 36.86 µm in group 1 and 
551.13 ± 25.85µm in group 2. During the last post-operative fol-
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low-up appointment, those values were measured as 533.93 ± 
28.75 µm and 497.20 ± 36.42 µm in group 1 and group 2 respec-
tively. This thinning in postoperative period was not statistically 
significant in both groups (p=0.15).

Haze Formation

Forty-seven (61.84%) operated eyes had no haze while two 
(2.63%) eyes had grade 1, two (2.63%) eyes had grade 2, and one 
(1.31%) eye had grade 3 haze formation in group 1. In group 2, 
13(17.10%) eyes had grade 1, 9(11.84%) eyes had grade 2 and 
two (2.63%)eyes had grade 3 corneal haze. There was no statisti-
cally significant difference in haze formation between the groups 
(p=0.183) (Table 2). Haze density was maximized on 1st to 3rd 
month of  the operation and decreased on the 12th month.

Stabilization Period

Target refractive value was reached in 6.85 ± 7.7 months in group 
1 and 4.67 ± 1.96 months in group 2. No significant difference 
was found between the groups in terms of  target refractive value 
acquisition period (p=0.12).

Keratometry

Mean keratometry values were 41.06 ± 1.12 D in group 1 and 
42.92 ± 1.96 D in group 2. The highest measurements were ob-
tained on the first month of  the operation with 46.16 ± 2.88 D 
in group 1 and 49.07 ± 3.74 D in group 2. On the 3rd month, 
mean keratometry values were 45.28 ± 1.35 D and 48.62 ± 3.54 D 
in group 1 and group 2 respectively. Keratometry values showed 
stabilization after 6 months (6th month, group 1:44.58 ± 1.12 D, 
group 2: 47.84 ± 2.46 D) and it continued throughout to the last 
control appointments (Final: group 1:44.56 ± 1.16 D, group 2: 

47.78 ± 2.28 D), (Figure 2).

Efficacy

Efficacy index was calculated as mean postoperative UCVA/
mean preoperative BCVA and the results were 0.92 in group 1 
and 0.79 in group 2.

Reliability

Reliability index was calculated as mean postoperative CDVA/
mean preoperative CDVA and the results were 1.02 in group 1 
and 0.98 in group 2.

Predictability

Predictability was defined as the rate of  cases which were targeted 
between ± 0.50 D and ±1.00 D. At the end of  6th month, Group 1 
had 13 (92.5%) and group 2 had 53 (85.6%) eyes that were within 
± 1.00 D range. In addition, 11 (82.4%) eyes in group 1 and 39 
(62.8%) eyes in group 2 were within ± 0.50 D range (Figure 1).

Discussion

Surgical treatment of  hypermetropia tails away from treatment 
of  myopia because of  the fact that steepening cornea is more 
difficult than flattening cornea. Several methods such as hexago-
nal keratectomy, radial and diode thermokeratoplasty, contact and 
non-contact Ho:YAG, conductive keratoplasty, automatic lamellar 
keratoplasty, clear lense extraction, intrastromal corneal implants 
were tried in treatment of  hypermetropia. But low predictability, 
refractive stability and high complication rate were reported from 
these methods [4-6]. 193_nm excimer laser is used successfully in 
treatment of  myopia and astigmatism [7, 8]. This laser, generates 

Table 1: Preoperative and Postoperative Refractive Error, Uncorrected and Corrected Visual Acuity Values in Group 1 and 
Group 2.

Group 1 Group 2
Visit Baseline 1st month 3rd month 6th month Final Baseline 1st month 3rd month 6th month Final

UCVA 0.43 ± 0.27 0.39 ± 0.29 0.24 ± 0.25 0.15 ± 0.15 0.12 ± 0.25 0.78 ± 0.27 0.44 ± 0.28 0.36 ± 0.28 0.36 ± 0.32 0.32 ± 0.27
BCVA 0.10 ± 0.13 0.16 ± 0.13 0.13 ± 0.15 0.10 ± 0.14 0.09 ± 0.14 0.24 ± 0.25 0.27 ± 0.21 0.26 ± 0.24 0.21 ± 0.21 0.25 ± 0.25

SE 1.64 ± 0.76 -0.63 ± 1.15 0.09 ± 0.86 0.29 ± 0.90 0.20 ± 1.01 4.45 ± 1.8 -0.47 ± 1.0 0.51 ± 1.08 0.81 ± 1.23 1.56 ± 1.37

UCVA: Uncorrected Visual Acuity, BCVA: Best Corrected Visual Acuity, SE: Spherical Equivalent.

Figure 1. Changes in Average Spheric Equivalent Values During Follow-up Period.
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a smooth ablation on peripheral corneal stroma, could be used in 
hypermetropia treatment with its promising results [9].

The efficacy and reliability of  PRK therapy in hypermetropic pa-
tients up to +5.00 D were documented in several studies [10-17]. 
It has been reported that in high hyperopia (˃5.00 D), PRK is 
a method that has less predictable results associated with higher 
regressions [18].

In our study, low and high grade hyperopia patients that under-
went PRK were analyzed and compared in terms of  post-oper-
ative refraction and visual acuity, post-operative complications, 
keratometry values, stabilization period and the results of  inter-
ventions for treatment. Our study also complements the literature 
by giving long-term results of  high patient rates. To sum up, PRK 
treatment is an efficient, reliable and predictable method even in 
long term that can be used in the treatment of  hyperopia patients.
A study by O’Brart et al., conducted on 40 hyperopic eyes that 
underwent PRK treatment, divided the subjects into 4 groups 
according to their preoperative refractive errors (group 1:+1.50 
D, group 2:+3.00 D, group 3:+4.50 D, group 4:+6.00 D). Over-
correction was detected during the first month of  the surgery. 
Emetropia was achieved between 3 to 6 months and refractive 
stability was reached at 12th month. Mean SE value at the 12th 
month was +0.55 D, which was measured as +0.83 D after 7.5 
years of  follow-up. Regression was not reported in any of  the 
patients [11]. El-Agha et al., did a study on 22 PRK received hy-
peropic eyes (≤+6.00 D) and found overcorrection at the first 
month and a fast refractive regression and myopic neutralization 
6 months after surgery. Refractive stability was achieved between 
3 to 6 months [23]. Similar results were also reported on Jackson 
et al’s study [15]. Corones et al’s., study performed on 38 eyes with 
SE values between +1.00 D and +8.00 D revealed that starting 
with overcorrection during post-operative period, mean SE value 
was found to be ± 0.20 D at the end of  follow-up period. Refrac-
tive stability was achieved in a period longer than a year [17]. In 
our study, both groups were diagnosed with low myopic refractive 
values on 1st month of  the operation and values closer to emetro-
pia were reached on 3rd month. After 3rd month, a slight regres-

sion especially prominent in group 2 was seen. Refractive stability 
was achieved in 6.85 months in group 1 and in 4.67 months in 
group 2. These results are deemed to be more successful with 
lower regression rates and shorter stabilization periods found in 
the literature.

Regression after hyperopic excimer laser surgery is thought to be 
caused by epithelial hyperplasia and stromal regrowth in ablation 
zone [19-21]. Hosoda et al., detected subepithelial proliferative 
changes in ablation zone during 1st month that was decreased 
during 3rd month of  the operation in rabbit models examined 
with confocal microscopy and histological methods [20]. Rein-
stein et al., detected epithelial thickening in human eye following 
hyperopic LASIK surgery using high-frequency ultrasonography 
[19]. This effect was related with the dosage received and this 
was proved with high regression rates in high grade hyperopic 
refractive errors [13, 18, 19]. Clinically, regression after hyperopic 
PRK can manifest with or without corneal haze [19]. Pietilla et 
al., detected higher grades of  corneal haze following PRK sur-
gery in high grade hyperopic patients (>+6.00 D) [18]. A study 
by Jackson et al., reported lower haze rates in low-medium grade 
hyperopia groups compared to high grade hyperopia group [15]. 
In myopic PRK, subepitheal haze occurs in central cornea reach-
ing maximum levels in 3-6 months [21-25]. In hyperopia ablation 
was performed from the peripheral cornea. In presented studies, 
circular haze diameter was measured as 6.5 mm at 4th week, and 
maximized in 3-9 months. The density of  haze was lowered in 
12-24 months. Peripheral haze stays persistent in eyes with high-
er dioptric correction [18-26]. In our study, we detected corneal 
haze in 6.57% of  patients in group 1 and 31.57% of  patients in 
group 2. Higher grades of  corneal haze were found in patients 
with higher hyperopic refractive errors (group 2). Density of  haze 
was highest between 1 and 3 months and subsided at 12th month 
postoperatively. Our study revealed that higher haze rates might 
be seen in eyes with higher hyperopic corrections.

The reliability of  the hyperopic PRK treatment has been assessed 
by using BCVA levels following the surgery. Various reports on 
the reliability of  this procedure have been published. A study by 

Table 2. Grading of  corneal haze.

Corneal Haze
Grade 1 Grade 2 Grade 3 Grade 4

Group 1 (n:eye) 2 2 1 0
Group 2 (n:eye) 13 9 2 0

Figure 2. Change in Average Keratometry Values During Follow-up Period.
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O’Brart et al., demonstrated that after 7.5 year follow-up period 
in eyes that received hyperopic PRK treatment, 65% had stable 
or increased BCVA levels. However 30% had one line vision loss, 
and 5% had two lines vision loss during this period [22]. Pacella et 
al., revealed that 92.8% of  eyes had stable or increased BCVA lev-
els, while 25% of  eyes had 2 or more lines of  vision loss on 7th day 
of  the hyperopic PRK treatment. Reliability index of  PRK treat-
ment in hyperopic eyes was calculated as 1.04 [9]. In our study, 
we did not detect any decrease in BCVA n low grade hyperopia 
group. However in high grade hyperopia group 6.45% eyes had 
one and 3.22% eyes had two Snellen lines decrease in their BCVA. 
We calculated the reliability index of  PRK treatmentas 1.02 in low 
and 0.98 in high grade hyperopia groups. 

Efficacy index is calculate as mean postoperative UCVA/mean 
preoperative BCVA. Pacella et al., found UCVA values in last con-
trol appointment as 20/20 or better in 13 eyes and 20/32 in all 
eyes. Efficacy index was calculated as 0.93 (9,22-26). In our study 
results, efficacy index was calculated as 0.92 in low grade hypero-
pia group and 0.79 in high grade hyperopia group.

Predictability is defined as having postoperative target refraction 
values between ± 0.50 and ± 1.00 D. O’Brart et al., revealed that 
in high grade hyperopia, 40% of  the patients were within ± 1.00 
D and 24% of  the patients were within ± 0.50 D range. Predict-
ability was found to be better in correction in low and medium 
grade hyperopia but lower in high grade hyperopia group. Those 
results are similar to the other studies previously published [18, 
26-29]. Dausch et al., (68 hyperopic eyes, range +2.00 to +8.25 
D) calculated the predictability value as 59% in ± 0.50 D and 81% 
in ± 1.00 D range after one year postoperatively [4]. In our study, 
92.5% of  the eyes in low grade hyperopia group and 85.6% in 
high grade hyperopia group were within ± 1.00 D range. Predict-
ability within ± 0.50 D range was found to be 82.4% in low grade 
and 62.8% in high grade hyperopia groups. Those prediction val-
ues are quite good when compared to previously published stud-
ies in the literature.

Conclusion

In the light of  our findings, PRK was found to be a reliable, effec-
tive and predictable method in correction of  low and high grade 
hyperopia.
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