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Purpose. To examine the outcomes of keratorefractive surgeries in keratoconus suspect patients. Methods. This study included
192 keratoconus suspects (351 eyes), treated with photorefractive keratectomy (PRK) (211 eyes), Lasik (96 eyes), and Femto-
Lasik (44 eyes) surgeries in an eye clinic. The best spectacle-corrected visual acuity (BSCVA) and subjective refraction were
evaluated preoperatively and postoperatively (three months and five years after the procedure). The Orbscan II topography
system was also used preoperatively and five years after the procedure. Results. The patients’ mean age was 31.6 + 5.49 years
(range: 21-47 years) in the last follow-up. There was no significant difference between the preoperative and postoperative mean
values of BSCVA in any of the surgical methods (P =0.49). The mean spherical equivalent, cylindrical power, corneal curvature,
the thinnest corneal thickness, and the central corneal thickness decreased significantly in the last follow-up (P < 0.001). Four
patients (3.50%) in the PRK group and one patient (1.85%) in the Lasik group needed glasses in the last follow-up. Eleven cases
of corneal ectasia were detected in the last follow-up (six eyes of four patients [2.84%] and five eyes of four patients [5.20%] in
the PRK and Lasik groups, respectively). Conclusion. In the present study, the high risk of postoperative ectasia was detected in
keratoconus suspects following PRK and Lasik surgeries. According to the results, it can be concluded that Femto-Lasik surgery
provides better outcomes than Lasik and PRK. Overall, the surgical criteria are suggested to be evaluated case by case, and the
patients must be followed up over time to assess the corneal topography and refraction stability.

1. Introduction

Keratoconus is a progressive noninflammatory disorder of
the cornea, characterized by stromal thinning, along with
localized conical protrusion. This disease can be categorized
into keratoconus suspect (KCS), mild keratoconus, mod-
erate keratoconus, and severe keratoconus, depending on its
severity. Moderate and severe categories of keratoconus can
be detected easily, using retinoscopic, biomicroscopic, and
pachymetry evaluations, combined with corneal topography
[1, 2]. However, diagnosis of the early stages of keratoconus,
known as KCS, is challenging.

Patients with KCS show complete contraindication to
refractive surgery [3]. The precise identification of KCS is

the primary concern of refractive surgeons, as KCS seems
to be the primary cause of corneal ectasia following re-
fractive procedures [4, 5]. Therefore, any level of kerato-
conus should be detected before refractive surgery to avoid
corneal ectasia. Several studies have shown that refractive
findings of individuals with normal corneal topography are
similar to those of patients with KCS. In this regard,
Chelala et al. and Gued;j et al. reported excellent photo-
refractive keratectomy (PRK) results in long-term follow-
ups of patients with grade I/II keratoconus and KCS, re-
spectively [6, 7]. On the other hand, other researchers
suggest that further assessment is required before deter-
mining whether KCS should be considered in refractive
surgeries [8, 9]. Corneal ectasia may occur following Lasik
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and PRK surgeries, although some studies have shown its
higher frequency after Lasik surgery [10, 11]. During the
Keratorefractive surgeries, the epithelium with underlying
Bowman’s layer and part of the anterior stroma were re-
moved. It is important that the superficial epithelial layer is
recovered and leads to corneal transparency. Healing of the
corneal epithelium mostly depends on the basement
membrane remodeling of limbal stem cells [12]. There are
receptors of cytokines and growth factors for epithelial cells
and keratocytes. Thus, in these cells, the inflammatory
mediators probably are important for the recovery of
corneal tissue during wounding. Keratocytes secrete cy-
tokines to modulate the proliferation, migration, and
differentiation of epithelial and stromal cells into fibro-
blasts and myofibroblasts [3, 9] and to repair the stroma [6]
when there are epithelial damage and loss of the basement
membrane function and also stromal cell. During stromal
healing, the transforming growth factor-f (TGF-f) system
activates and leads to keratocytes transformation that re-
sults in contractile and motile myofibroblasts [12]. Several
studies have confirmed the role of epithelial cells in the
release of growth factors, in addition to cytokines that are
necessary for regeneration process of cornea after PRK
[13]. In a study, the combination role of cytochrome c
peroxidase (CCP) and basic fibroblast growth factor
(bFGF) on the healing rate of the corneal epithelium after
Phototherapeutic keratectomy in transgenic mice was
studied, and it was suggested that CCP/bFGF combination
eyedrops could be beneficial for reepithelialization after
refractive surgery [14].

Statistically significant data found in a study about
thickness reduction after epithelium removal during
corneal collagen crosslinking in keratoconus patients [15].
Corneal dehydration was reported with dextran solutions
that leads to corneal thining, whereas the corneal thinning
could be avoided by alternative riboflavin diffusion me-
dium, such as the hydroxylpropyl-methyl-cellulose
(HPMC) during the soaking and irradiation time instead
of dextran that it caused the risk of endothelial damage
and postoperative haze is decreased [15].

Today, femtosecond laser technology has provided more
uniform, thinner, and reproducible corneal flaps [16].
Previous studies have described preoperative risk factors for
corneal ectasia following refractive surgery, including low
corneal thickness before surgery, low residual stromal bed
(RSB) thickness, high myopia, abnormal corneal topogra-
phy, and younger age [17]. Although several risk factors have
already been described, and technologies and screening
methods are being improved, post-Lasik and post-PRK
corneal ectasia still occur [3, 18].

Since only 50% of corneal ectasia cases following Lasik
surgery occur within the first year [19], this disorder needs to
be investigated in long-term follow-ups. The current study
aimed to assess and compare the visual and refractive results
and the incidence of corneal ectasia following different types
of refractive surgery in patients with KCS in a long-term
follow-up. Also, we assessed the risk factors in patients with
corneal ectasia to find the most important prognostic risk
factors for ectasia.
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2. Materials and Methods

A total of 192 individuals with KCS (351 eyes) were enrolled
in this retrospective study. Screening tests, including
manifest refraction, best-corrected visual acuity (BSCVA),
corneal topography (Orbscan IIz; Bausch and Lomb,
Rochester, NY, USA), indirect ophthalmoscopy, and slit-
lamp examination, were performed for all patients. The
BSCVA and subjective refraction were measured preoper-
atively and postoperatively (three months and five years after
the procedure). The Orbscan corneal topography system was
also used preoperatively and postoperatively (five years after
the procedure). KCS was defined as no clinical sign of
keratoconus, minor topographic asymmetry, steep corneal
curvature more than 47.0 D, central corneal thickness (CCT)
less than 500 ym, and oblique astigmatism more than 1.5 D
[20].

The inclusion criteria for refractive surgery were as
follows: (1) a stable refractive error for at least six months
prior to the procedure; (2) avoidance of contact lenses for
four weeks before the procedure. On the other hand, the
exclusion criteria for surgery were as follows: (1) obvious
ectasia or scarring on the slit-lamp exam; (2) BSCVA less
than 20/40; (3) manifest keratoconus in the opposite eye; (4)
evidence of apical thinning of the cornea; (5) RSB thickness
less than 300 mm; (6) history of ocular surgery; (7) family
history of keratoconus; (8) history of ocular trauma, glau-
coma, or corneal disorders; (9) pregnancy.

This study was approved by the Ethics Committee of
Shiraz University of Medical Sciences, Shiraz, Iran. Each
participant signed an informed consent form after receiving
explanations about the goals of the study. All procedures in
this study were based on the principles of the Declaration of
Helsinki.

2.1. Surgeries. Two surgeons performed the surgeries (PRK,
Lasik, or Femto-Lasik). In the PRK group, epithelial de-
bridement was carried out with a blunt hockey scalpel over a
circular area (6-8 mm diameter) after applying 30% ethanol
for 15 minutes. In the Lasik group, a narrow circular flap was
created on the eye surface with a Hansatome micro-
keratome. After folding back the hinged flap, the surgeon
could access the stroma and alter the shape of the corneal
tissue with an excimer laser. Next, the QUEST EC5000
excimer laser (NIDEK, Japan), working at a repetition rate of
40 Hz, was used, based on the slit-scan technique for laser
treatment. The eye tracker was set at a speed of 1 MHz with a
6-ms latency. In all subjects, ablation was centered on the
entrance pupil center, and the treated optical zone, enclosed
by a 2 mm transition zone, had a diameter of 5-6 mm,
depending on the thickness of the cornea and pupil size.
After applying laser therapy, a bandage contact lens and
preservative-free levofloxacin 5% eye drop were prescribed
(Oftaquix 5 mg/mL eye drops; Santen UK Limited, Salisbury
Hall, St Albans, AL2 1BU, UK). After epithelium healing
(about 3-5 days), the bandage lenses were immediately
discarded. Surgery was also performed for the other eye at
the same time if needed. Postoperative medications,
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including preservative-free artificial tear drops and fluo-
rometholone 0.1% (Allergan, Lachen, Switzerland), were
used every two hours during daytime and twice a day for one
month, respectively; they were then narrowed over the
following 60 days.

In the Femto-Lasik group, a 110 mm superior hinged
flap was made, using a Femto laser (Ziemer Ophthalmic
Systems AG, Port, Switzerland), the surgeon lifted the flap,
and ablation was performed with a WaveLight Allegretto
EX500 excimer laser (Alcon, TX, USA) after topical anes-
thesia with proparacaine hydrochloride 0.5%. An optical
zone of 6.5mm with a blend zone of 1.25mm was then
selected. Postoperatively, chloramphenicol 0.5% (every six
hours for one week) and betamethasone 0.1% (every six
hours for one week) were prescribed.

2.2. Statistical Analyses. Data were evaluated using the SPSS.21
software (SPSS Inc, Chicago, Illinois, USA). The normality of the
data was investigated using the Kolmogorov-Smirnov test,
which showed a normal distribution for quantitative data. The
mean and standard deviation of refraction results and topo-
graphic results before the operation, three months, and five years
after operation was calculated and reported for each kind of
refractive surgery separately. Depending on the data distribution,
paired t-tests or Wilcoxon’s paired test was utilized to check the
significant differences between preoperative and two postop-
erative follow-up sessions in 3 months and 5 years after refractive
surgeries. In all analyses, a P-value of less than 0.05 was regarded
to be significant.

3. Results and Discussion

The results of refraction, visual acuity, and topographic
results were separately reported in each kind of refractive
surgery, and the challenging cases in each kind of refractive
surgery were also discussed case by case.

3.1. PRK. A total of 114 individuals (211 eyes) with KCS
were considered suitable for treatment with PRK.

3.2. Refraction and Vision Acuity Results. The preoperative
and postoperative data of patients are presented in Table 1.
No significant changes were detected in BSCVA in the three-
month and five-year follow-ups, compared to the preop-
erative BSCV A values (P =0.523 and P = 0.751, respectively).
Figure 1 presents the BCVA gain and loss of lines five years
after surgery. In the last follow-up, the eye lost one line of
BSCVA in one eye (0.4%), two lines in five eyes (2.3%), and
three lines in two eyes (0.9%). Two eyes showed a one-line
gain, one eye showed a two-line gain, and two eyes showed a
three-line gain, while the other eyes maintained their pre-
operative status.

The mean spherical equivalent (SE) refraction signifi-
cantly reduced by 3.55 +2.01 D in the three-month follow-up
(P <0.001) and by 3.55+1.92 D in the five-year follow-up
(P <0.001). The SE did not show any significant changes from
the three-month follow-up to the last follow-up (P =0.674).

Also, the cylindrical component of refractive error reduced
significantly from -0.97+0.99 D preoperatively to
—0.44+0.50 D in the three-month follow-up (P <0.001) and
-0.30+0.42 D in the last follow-up (P <0.001). Also, astig-
matism decreased significantly from the three-month follow-
up to the last follow-up (P < 0.001). The subgroups, based on
the orientation of the preoperative refractive cylinder axis,
were as follows: against-the-rule (60-120°), including 29 eyes
(13.74%); with-the-rule (0-30 or 150-180°), including 110
eyes (52.13%); and oblique (30-60 or 120-150°), including 32
eyes (15.16%). Three patients needed glasses due to significant
myopic or astigmatic regression in the final follow-up.

3.3. Topographic Results. The results indicated significant
reductions in the mean CCT and the thinnest point of the
cornea from 502.81 +33.76 ym and 490.84 + 34.46 ym pre-
operatively to  431.75+46.51ym  (P<0.001) and
413.36 £ 49.08 ym (P < 0.001) in the last follow-up. The mean
values of maximum and minimum curvatures reduced
significantly from 45.00+1.78 D and 43.66+1.58 D pre-
operatively to 41.50+ 1.78 D (P <0.001) and 40.55+1.78 D
(P <0.001) in the last follow-up, respectively. According to
the analysis of corneal curvature shape with the Orbscan
topography, 98 eyes (46.4%) showed a symmetric bow-tie
pattern, four eyes (1.8%) showed a skewed radial axis, 99 eyes
(46.9%) showed inferior steepening, and ten eyes (4.7%)
showed superior steepening. Figure 2 presents the subgroups
of preoperative corneal topographic shapes. Six eyes (2.84%)
of four patients developed corneal ectasia after PRK. The
preoperative and postoperative data of patients with ectasia
are presented in Table 2.

Case 1: A 35-year-old female underwent PRK of both
eyes with preoperative refractions of —8.50-4.00 x 180
in the right eye and —10.25-4.00 x 171 in the left eye.
The preoperative corneal topographic pattern was
symmetric bow-tie (K-max: 48.3 D and K-min: 44.8 D
in the right eye; and K-max: 47.9 D and K-min: 44.4 D
in the left eye). The preoperative CCT was 515 ym OD
and 516 ym OS. Bilateral corneal ectasia was detected in
the eye with a corneal topography pattern of inferior
steepening in the last follow-up (K-max: 42.4 D and
K-min: 38.7 D in the right eye; and K-max: 40.6 D and
K-min: 38.0 D in the left eye). The CCT was 379 ym in
the right eye and 356 um in the left eye in the last
follow-up. The preoperative BSCVA was 0.9 in both
eyes, which changed to 0.6 in the last follow-up.

Case 2: A 37-year-old male underwent PRK of both eyes
with preoperative refractions of —3.00-1.75 x 153 in the
right eye and —4.00-2.25 x 10 in the left eye. Both eyes
showed a BSCVA of 10/10 preoperatively. The preop-
erative corneal topographic pattern was symmetric bow-
tie (K-max: 43.5 D and K-min: 42.0 D in the right eye;
and K-max: 43.0 D and K-min: 41.3 D in the left eye).
The preoperative CCT was 491 ym OD and 492 ym OS.
The left eye developed corneal ectasia (K-max: 38.4 D
and K-min, 37.9 D) in the last follow-up. The postop-
erative CCT at five years was 426 ym in the right eye and
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TaBLE 1: The preoperative and postoperative data of patients.
Parameters Preoperative Three-month follow-up Five-year follow-up
PRK (n=211)
BSCVA 0.99 £0.04 0.99+£0.36 0.99£0.45
P value P=0.523 P=0.751
SUB SE —-3.67+2.01 -0.11+0.317 -0.12+0.25
P value P<0.001 P<0.001
SUB AST -0.97+£0.99 —0.44 +0.50 -0.30+0.42
P value P <0.001 P <0.001
Lasik (1n=96)
BSCVA 0.99+0.03 0.98 £0.04 0.97£0.07
P value P=0.537 P=0.203
SUB SE —-3.99+2.41 -0.10+0.36 -0.08 £0.31
P value P <0.001 P <0.001
SUB AST —-1.58 +1.50 —0.51 £0.50 -0.39+0.46
P value P <0.001 P <0.001
Femto-Lasik (n=44)
BSCVA 0.98 +0.06 0.99+0.02 1.00 +0.00
P value P=0.180 P=0.109
SUB SE —-3.28+£2.57 -0.15+0.26 -0.07+£0.23
P value P <0.001 P <0.001
SUB AST 1.26 + 1.41 -0.29+0.38 -0.27+0.34
P value P<0.001 P<0.001

BSCVA =best spectacle-corrected visual acuity; SUB SE = subjective spherical equivalent; SUB AST =subjective astigmatism.
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FIGURE 1: Postoperative losses and gains of the best spectacle corrected visual acuity (BSCVA) lines.

408 ym in the left eye. The right eye had no refractive
error with UCVA of 10/10, while the left eye showed a
refractive error of —0.50 with BSCVA of 6/10 in the last
follow-up.

Case 3: A 33-year-old female underwent PRK in both eyes
with preoperative refractions of —2.00-0.50 x 180 in the
right eye and —1.75-0.50 x 168 in the left eye. Both eyes
showed a BSCVA of 10/10 preoperatively. The preop-
erative corneal topographic pattern was inferior steep-
ening (K-max: 43.6 D and K-min: 42.5 D in the right eye;
and K-max: 43.9 D and K-min: 42.7 D in the left eye). The
preoperative CCT was 529um OD and 524um OS.
Corneal ectasia developed in the left eye (K-max: 38.4 D
and K-min: 37.9 D) in the last follow-up. The postop-
erative CCT at five years was 483 ym in the right eye and

456 yum in the left eye. The right eye had no refractive error
with UCVA of 10/10, while the left eye showed a refractive
error of —0.50-160 with BSCVA of 6/10 in the last follow-
up.

Case 4: A 37-year-old female underwent bilateral PRK
with preoperative refractions of —6.50-1.75 x 10 in the
right eye and —6.00-1.75 x 160 in the left eye. Each eye
had a BSCVA value of 10/10 preoperatively. The pre-
operative corneal topographic pattern was superior
steepening and symmetric bow-tie in the right and left
eyes, respectively (K-max: 46.7 D and K-min: 44.9 D in
the right eye; and K-max: 47.2 D and K-min: 45.7 D in
the left eye). The preoperative CCT was 482 ym OD and
480 ym OS. Corneal ectasia developed in the right eye
with a significant inferior steepening pattern, and the
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FIGURE 2: Subgroups of preoperative corneal topographic shapes.

left eye with an irregular corneal topographic pattern
(K-max: 40.2 D and K-min: 39.1 D in the right eye; and
K-max: 42.1 D and K-min: 40.8 D in the left eye) in the
last follow-up. The postoperative CCT at five years was
367 ym in the right eye and 373 ym in the left eye. The
right eye showed refractions of —0.25-0.50 x 100 with a
BSCVA of 8/10 and the left eye showed refractions of
—1.00 x 115 with BSCVA of 7/10 in the last follow-up.

3.4. Lasik Surgery. In this study, 54 cases of KCS (96 eyes)
were considered eligible for Lasik surgery.

3.5. Refraction and Vision Acuity Results. The preoperative
and postoperative data of patients are presented in Table 1. No
significant changes were identified in the BSCVA values in the
three-month and five-year follow-ups, compared to the pre-
operative values (P =0.537 and P =0.203, respectively). Fig-
ure 1 shows the gains and losses of BSCV A lines five years after
the procedure. In the last follow-up, one line of BSCVA de-
creased in four eyes (4.16%), two lines in one eye (1.04%), three
lines in two eyes (2.08%), and four lines in two eyes (2.08%).
Four eyes showed a one-line gain, two eyes showed a two-line
gain, and the other eyes maintained their preoperative BSCVA
value. In the five-year and three-month follow-ups, the mean
SE reduced significantly by 3.90+2.34 D (P <0.001) and
3.89+2.40 D (P <0.001), respectively. According to the paired
comparisons, SE showed no significant difference in the three-
month and five-year follow-ups (P=0.654). Our results
showed a significant decrease in mean astigmatism by
1.06+1.32 D in the three-month follow-up (P <0.001) and
1.18+1.28 D in the final follow-up (P <0.001). According to
the paired comparisons, astigmatism reduced significantly
from the three-month follow-up to the last follow-up
(P <0.001). The subgroups, based on the orientation of the
preoperative refractive cylinder axis, were as follows: against-
the-rule, including nine eyes (9.37%); with-the-rule, including
65 eyes (67.70%); and oblique, including 14 eyes (14.58%).

3.6. Topographic Results. 'The results revealed that the mean of
the thinnest point of the cornea and CCT reduced significantly
from 532.05 +32.08 ym and 544.67 + 32.78 ym preoperatively
to 444.81+62.84uym (P<0.001) and 465.27+59.12um
(P <0.001) in the last follow-up, respectively. The mean values
of maximum and minimum curvatures reduced significantly
from 45.62+1.73 D and 43.74+1.66 D preoperatively to
41.47 +2.07 D (P <0.001) and 40.38 + 1.93 D (P < 0.001) in the
last follow-up, respectively. According to the curvature shape
analysis by the Orbscan topography system, it was found that
34 eyes (35.4%) had a symmetric bow-tie pattern, 47 eyes
(48.9%) had an inferior steepening pattern, and 15 eyes (15.6%)
had a superior steepening pattern. Figure 2 presents the
subgroups of preoperative corneal topographic shapes. The
corneal ectasia was detected in five eyes (5.2%) of four patients
after Lasik surgery. The preoperative and postoperative data of
patients with ectasia are presented in Table 2.

CASE 1: A 34-year-old female underwent Lasik sur-
gery in both eyes with a preoperative refractive error
of +4.50-3.00x27 in the right eye and
+3.25-1.75%x133 in the left eye. Both eyes had a
BSCVA value of 10/10 preoperatively. The preoper-
ative corneal topographic pattern was superior
steepening and symmetric bow-tie in the right eye and
the left eye, respectively (K-max: 45.0 D and K-min:
41.9 D in the right eye; and K-max: 43.8 D and K-min:
41.7 D in the left eye). The CCT was 560 um OD and
559 um OS preoperatively. Corneal ectasia was found
in the right eye (K-max: 46.1 D and K-min: 43.3 D).
The postoperative CCT was 517 ym in the right eye
and 524 ym in the left eye in the last follow-up. The
right eye showed a BSCVA value of 5/10 with a re-
fractive error of +2.00-2.00x5, and the left eye
showed a BSCV A value of 10/10 with a refractive error
of +1.75-1.00 x 150 in the last follow-up.

CASE 2: A 32-year-old female underwent Lasik surgery
in both eyes with a preoperative refractive error of
+3.25-6.50 x 180 in the right eye and +4.50-7.00 x 5 in
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the left eye. Preoperatively, BSCVA was 10/10 in both
eyes. The preoperative corneal topographic pattern was
inferior steepening in both eyes (K-max: 46.2 D and
K-min: 40.2 D in the right eye; and K-max: 43.1 D and
K-min: 42.3 D in the left eye). The preoperative CCT
was 602 um OD and 609 ym OS. Both eyes showed a
BSCVA value of 8/10 with a refractive error of —0.50-60
in the right eye and —1.00-70 in the left eye in the three-
month follow-up. Ectasia developed in both eyes with a
significant temporal steepening pattern (K-max: 43.1 D
and K-min: 42.3 D in the right eye; and K-max: 44.2 D
and K-min: 42.4 D in the left eye in the last follow-up).
The postoperative CCT at five years was 521 ym in the
right eye and 491 ym in the left eye. The right eye
showed a BSCVA of 7/10 with a refractive error of
—0.75-75, while the left eye showed a BSCVA of 5/10,
with a refractive error of +0.50-1.50 x 80 D in the last
follow-up.

CASE 3: A 46-year-old male underwent Lasik surgery
only in the right eye, with a preoperative refractive
error of —4.75-1.75 % 105; the left eye showed no re-
fractive error. Preoperatively, the BSCVA was 10/10 in
both eyes. The preoperative corneal topographic pat-
tern was a symmetric bow-tie in the right eye (K-max:
43.2 D and K-min: 41.8 D). The preoperative CCT was
495 ym in the right eye. The right eye developed corneal
ectasia (K-max: 38.9 D and K-min: 38.4 D) in the last
follow-up. The postoperative CCT at five years was
396 um. In the last follow-up, the eye with a BSCVA of
6/10 showed no refractive error.

CASE 4: A 47-year-old male underwent Lasik surgery
only in the left eye with a preoperative refractive error
of —3.75-1.25 x 77; the right eye showed no refractive
error. The BSCVA was 9/10 in the left eye and 10/10 in
the right eye preoperatively. The preoperative corneal
topographic pattern was inferior steepening (K-max:
43.3 D and K-min: 42.9 D), and the preoperative CCT
was 480 um. The eye developed corneal ectasia (K-max:
39.9 D and K-min: 39.5 D) in the last follow-up. The
postoperative CCT at five years was 410 ym. In the last
follow-up, the eye showed a BSCVA of 5/10 with a
refractive error of —0.50 D.

3.7. Femto-Lasik Surgery. Forty-four eyes of 24 patients with
KCS were considered eligible for Femto-Lasik surgery.

3.8. Refraction and Vision Acuity Results. The BSCVA indi-
cated no significant change in the three-month and five-year
follow-ups, compared to the preoperative values (P =0.18 and
P =0.109, respectively). Figure 1 presents the gains and losses of
BSCVA lines five years after surgery. In the last follow-up, the
BSCVA was lost in no cases; two cases showed a one-line gain;
one case showed a two-line gain; the other cases maintained
their preoperative BSCVA. The mean SE decreased signifi-
cantly by 3.13+2.57 D at three months (P <0.001) and by
3214249 D in the last follow-up (P <0.001). SE did not
change significantly from the three-month follow-up to the last

follow-up (P >0.05). However, the cylindrical component of
refraction decreased significantly by 0.96+1.30 D at three
months (P <0.001) and by 0.98 + 1.36 D in the last follow-up
(P <0.001). However, astigmatism did not change significantly
from the three-month follow-up to the last follow-up
(P>0.05). The subgroups, based on the orientation of the
preoperative refractive cylinder axis, were as follows: against-
the-rule, consisting of one eye (2.27%); with-the-rule, con-
sisting of 33 eyes (75%); and oblique, consisting of three eyes
(6.81%).

3.9. Topographic Results. There were significant reductions in
the mean CCT and the mean thinnest point of the cornea from
544.77 £25.52ym and 533.77 £26.29 ym preoperatively to
456.64+42.79uym  (P<0.001) and  433.02+47.32um
(P <0.001) in the last follow-up, respectively. The mean values
of maximum and minimum curvatures reduced significantly
from 45.45+1.53 D and 43.58+1.16 D preoperatively to
41.36+1.55 D (P <0.001) and 40.12 + 1.51 D (P < 0.001) in the
last follow-up, respectively. According to the curvature shape
analysis with the Orbscan system, it was found that ten eyes
(22.7%) had a symmetric bow-tie pattern, two eyes (4.5%) had a
skewed radial axis, five eyes (11.3%) had superior steepening,
and 27 eyes (61.3%) had inferior steepening (Figure 1). It
should be noted that during this study, no case of corneal
ectasia or unusual problems were identified.

4. Discussion

Patients with KCS show complete contraindication to re-
fractive surgery [3]. Some studies [21, 22] have shown that
refractive surgery must be avoided for patients with KCS
since this disorder may develop over time, or the surgery
may lead to disease progression. On the other hand, some
studies [23, 24] have shown that refractive findings in in-
dividuals with normal corneal topographic patterns are
indistinguishable from those of patients with KCS or
manifest keratoconus. One of the unresolved problems of
refractive surgery is corneal ectasia. Studies have described
the preoperative risk factors for corneal ectasia following
refractive surgery, including the low preoperative thickness
of the cornea and RSB, high myopia, abnormal corneal
topography, and younger age [17]. However, it should be
noted that ectasia may affect individuals without an evident
risk factor [25]. Therefore, in the present study, we aimed to
evaluate the outcomes of keratorefractive surgeries in KCS
patients. We compared the five-year follow-up results of
PRK, Femto-Lasik, and Lasik surgeries in these patients.
In the present study, no significant difference was found
between the preoperative and postoperative mean values of
BSCVA. Our results showed that BSCVA in the Femto-Lasik
group did not lead to the loss of lines after surgery. In the last
follow-up, 100% of Femto-Lasik cases, 95.73% of PRK cases,
and 90.62% of Lasik cases showed BSCVA of 20/20; in other
words, better vision improvement was observed in the
Femto-Lasik group. Some studies have reported better visual
acuity in correcting high myopia with Lasik than PRK
[26, 27]. In this regard, Gu et al. [7] performed PRK for 62



eyes of 42 patients with KCS and found that visual acuity
improved significantly in the five-year follow-up. Moreover,
Khakshoor et al. [28] investigated 38 eyes of 21 subjects over
40years of age with stable keratoconus (grades I-II) and
found that the uncorrected distance visual acuity (UDVA)
was 20/20 in 22 eyes and 20/25 in eight eyes in the last
follow-up. Two other studies showed that UCVA and BCVA
were stable during the follow-up of forme fruste and mild
keratoconus patients after PRK [29, 30].

In the present study, the preoperative SE was greater in
the Lasik group (-3.99 D) compared to the PRK (-3.67 D)
and Femto-Lasik (-3.28 D) groups. The mean preoperative
SE and cylindrical power decreased significantly in the last
follow-up. These results are in line with a study by Cennamo
et al. [30], who investigated 25 eyes with grade II kerato-
conus treated by topography-guided PRK. In their study,
significant stable improvements were reported in both cy-
lindrical and spherical components of refraction during a
two-year follow-up. In our study, none of the Femto-Lasik
patients showed residual ametropia more than 1.0 D in the
last follow-up, and 95.4% of eyes were within +0.50 D of
refractive error. On the other hand, the prevalence of eyes
within +0.50 D of refractive error was 96.6% in the PRK
group and 92.7% in the Lasik group. Also, 1.4% and 3.1% of
cases showed residual ametropia of more than 1 D in the
PRK and Lasik groups, respectively.

In a study by Li et al. [31], 60.4% of eyes with high
myopia were within +0.5 D of residual refractive error at
three months following the Femto-Lasik surgery. Also, Katz
et al. [32] compared the results of PRK and Lasik surgeries
for the correction of astigmatism more than 3 D and found
similar efficacy of these methods. The upper limit of myopic
refractive error for Lasik surgery was arbitrarily chosen as
12.0 D [33]. Although corneal ectasia has been reported in
eyes with lower myopia degrees (range: —4.0 D to —7.0 D)
corrected with Lasik surgery [34], in the current study, of 11
patients with corneal ectasia, there were four cases of high
myopia, one case of moderate myopia, one case of low
myopia, two cases of high astigmatism, three cases of
moderate astigmatism, and one case of low astigmatism in
the PRK group. Also, there were three cases of moderate
hyperopia, two cases of moderate myopia, three cases of
moderate astigmatism, and two cases of high astigmatism in
the Lasik group. It seems that the myopia degree alone is a
poor indicator of ectasia in our study population.

In the current study, the preoperative CCT varied from
424 ym to 599 ym in the PRK group, from 480 ym to 618 ym
in the Lasik group, and from 483 ym to 604 ym in the Femto-
Lasik group. The preoperative CCT was up to 500 ym in 132
eyes (40.4%) in the PRK group, 12 eyes (12.5%) in the Lasik
group, and two eyes (4.5%) in the Femto-Lasik group. Of 11
cases of ectasia following refractive surgery, three cases in the
PRK group and two cases in the Lasik group showed CCT
less than 500 ym.

There are several successful studies about Lasik surgery
for individuals with corneas thinner than 500 or 470 ym
[35, 36]. Kremer et al. [37] reported that Lasik surgery is a
safe method for moderate to high myopic eyes with CCT
thinner than 500 ym (range: 456 ym to 498 mm) in the three-
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year follow-up. Moreover, Caster et al. performed Lasik
surgery and reported no cases of keratectasia in 109 eyes
with SE of —7.75 to +3.13 and CCT of 452 ym to 500 ym [38].
Randleman et al. also showed that ectatic corneas had a
significantly thinner thickness compared to the controls; the
mean CCT was one standard deviation below the mean CCT
of the controls before surgery [17]. Therefore, a low pre-
operative CCT may be an indicator of an abnormal cornea,
where keratoconus is expected to progress.

In the present study, the minimum RSB thickness in the
PRK, Lasik, and Femto-Lasik groups was 308, 288, and
353 um, respectively, in the last follow-up. Rao and Epstein
[10] reported that the main risk factors for corneal ectasia
following refractive surgery include a preexisting abnormal
corneal topography and RSB thickness. Moreover, Kymionis
et al. [35] determined the RSB thickness of eyes with a thin
CCT, for which PRK or Lasik surgery was performed to
correct myopia. The lowest RSB thickness was 308 ym in the
PRK group and 276 um in the Lasik group. After at least a
one-year follow-up, no complications were found. Khak-
shoor et al. [28] also reported that RSB thickness of more
than 400 ym is safe for keratoconus patients with a mean age
of 44 years. Overall, it is necessary to maintain a thickness of
at least 250 um at the center of stroma following refractive
surgery [39], while preserving at least half of the initial
corneal stromal thickness is a more conservative approach
[40]. In our study, all cases of ectasia following PRK and
Lasik surgeries had RSB thickness of more than 300 ym.
Generally, the main difference between PRK and Lasik
surgeries is the way that the corneal flap is created, which can
be the main factor leading to the destabilization of the
cornea.

The femtosecond lasers are believed to create a thin flap
[18]. The flap is regarded as a more critical risk factor than the
excimer ablation depth, as the anterior stroma layers seem to
have greater biochemical strength than the corneal layers [41].
According to the literature, the lowest and greatest keratocyte
densities are related to the posterior (40%) and anterior (10%)
aspects of the stroma, respectively [42, 43]. In our study, the
absence of corneal ectasia in the Femto-Lasik group could be
related to the successful management of the shape, consistency,
and less thickness variation of the flaps. Another explanation
for the progression of ectasia in our subjects may be stromal
hydration. A flap using a microkeratome is usually created over
a wet cornea, while a femtosecond flap dehydrates the stroma
[44].

After the introduction of femtosecond lasers, anecdotal
evidence showed that the prevalence of ectasia has reduced.
Moshirfar et al. [45] reported that the prevalence of ectasia was
one in 2000 patients (0.05%) following Femto-Lasik surgery. In
a study by Klein et al. [46], the prevalence of corneal ectasia was
estimated at 0.04%, while other researchers estimated rates up
to 0.9% for microkeratome flaps [47-50]. Based on these
findings, we can conclude that RSB thickness of 250 yum does
not indicate a safety border, as neither RSB thickness below
250 ym ensures ectasia, nor RSB thickness above 250 ym in-
dicates protection against ectasia.

All subjects in the present study were followed up for five
years. Kasparova and Kasparov [51] reported that 8.6% of
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eyes showed keratoconus progression within the first six
months following refractive surgery. In addition, Koller et al.
[52] recommended that corneal topography should be
monitored for up to five years after PRK to ensure that it
does not trigger the progression of keratoconus in the eyes,
which were found to be stable for a long period postoper-
atively. According to the analysis of the corneal curvature
shape with the Orbscan system, 16.6% of ectasia cases
showed an inferior steepening pattern, 16.6% had a superior
steepening pattern, and 66.6% showed a symmetric bow-tie
pattern preoperatively in the PRK group. Also, 40% and 60%
of our ectasia cases had superior steepening and inferior
steepening topographic patterns preoperatively in the Lasik
group, respectively.

Unilateral ectasia developed in some patients undergoing
bilateral surgery in our study. We concluded that if a patient
has an abnormal topographic pattern in each eye, the surgeon
must avoid refractive surgery. Ectasia may also progress in
patients with a symmetric bow-tie pattern or a normal to-
pographic pattern. In our study, 36% of ectasia cases had
symmetric topographic patterns preoperatively. Therefore, a
thorough assessment of the preoperative topographic map is
necessary, and caution must be taken if any abnormal topo-
graphic pattern, such as asymmetric superior steepening, in-
ferior corneal steepening, or a skewed radial axis [18], is found.

In the current study, three cases of ectasia in the PRK group
and no cases of ectasia in the Lasik group had central corneal
curvatures more than 47.0 D preoperatively. In a study by
Cennamo et al. [30], the maximum keratometry reading was
52.09 +3.47. In their study, improvement of clinical findings
and videokeratography indices was reported in patients with
grade 2 keratoconus during a two-year follow-up. Therefore,
central corneal curvature findings do not seem to be partic-
ularly useful screening criteria.

In conclusion, our study showed the high risk of
postoperative ectasia in eyes with KCS after keratore-
fractive surgeries, although the Femto-Lasik surgery
provided better results than Lasik and PRK surgeries.
Based on our findings, it seems that no specific factor can
distinguish all at-risk patients. Alternatively, several
variables must be considered to select candidates for
refractive surgery. Also, the surgical criteria are suggested
to be evaluated case by case, and the patients must be
followed up to assess corneal topography and refraction
stability. It can be concluded that Femto-Lasik surgery
provides better outcomes than Lasik and PRK surgeries.
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