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Abstract The purpose of this study is to describe the
incidence, management, and visual outcomes of intra-
operative and early postoperative flap-related compli-
cations of laser in situ keratomileusis (LASIK) surgery
using two types of Moria M2 microkeratomes. This
retrospective analysis was performed on 806 primary
LASIK cases. The intraoperative and early postoper-
ative flap-related complications were identified and
categorized according to type of Moria microkeratom-
e. There were 52 intraoperative and early postoperative
complications—one case of partial flap (0.124 %), one
case of free flap (0.124 %), one case of small flap
(0.124 %), 13 cases of epithelial defect (1.61 %), 12
cases of flap striae (1.49 %), 10 cases of diffuse
lamellar keratitis (1.24 %), 10 cases of interface debris
(1.24 %), three cases of epithelial ingrowth (0.37 %),
and one case of microbial infection (0.124 %). The
overall incidence of flap complications was 6.45 %.
There were 27 right eye (6.73 %) and 25 left eye
(6.17 %) complications. The incidence of complica-
tions with the Moria automated metallic head 130
microkeratome was 4.22 % and with the Moria single-
use head 90 microkeratome was 2.23 %. We observed
one culture-negative interface abscess which was
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cured with surgical cleaning and intensive medical
treatment. The most common complication encoun-
tered was epithelial defects, followed by flap striae.
Our study showed that LASIK with a microkeratome
has a relatively low incidence of intraoperative and
early postoperative flap complications. The authors
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in this article and have no proprietary interest in the
development of marketing of or materials used in this
study.
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Introduction

Laser in situ keratomileusis (LASIK) is the most
popular method for the surgical correction of refractive
errors worldwide. The creation of the lamellar flap is
one of the most critical steps for succesful LASIK [1-4].
In LASIK surgery, as with any other surgical procedure,
complications can occur [5]. Common intraoperative
flap-related complications include button hole flaps,
thin flaps, decentralized flaps, free flaps, incomplete
flaps, and lacerated flaps. The common early postoper-
ative flap-related complications also include flap dis-
placement, flap striae, central toxic keratopathy, diffuse
lameller keratitis (DLK), epithelial ingrowth, and
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microbial keratitis. The incidence of flap-related com-
plications in previous LASIK series is reported to be
between 0.3 and 14 % and usually depends on the type
of the microkeratome used and the surgeon involved
[6-21].

In this retrospective study, we analyzed the inci-
dence, management, and results of intraoperative and
early postoperative flap-related complications in
primary LASIK surgery.

Patients and methods

This retrospective study included a consecutive series of
806 eyes of 408 patients (228/55.9 % male; 180/44.1 %
female) who underwent LASIK between January 2005
and April 2009 for treatment refractive errors at the
Excimer Laser Center, Department of Opthalmology,
Nisa Hospital, Istanbul, Turkey. All LASIK procedures
were performed by the one author (YK) using the VISX
STAR S4 Excimer Laser Platform (Abbott Medical
Optics Inc.). Written and informed consent was pro-
vided by all patients regarding surgical intervention and
inclusion in the study. The study was performed as per
the tenets on the Declaration of Helsinki.

All patients underwent a complete preoperative
opthalmological examination including measurement
of uncorrected visual acuity (UCVA), and best specta-
cle-corrected visual acuity (BSCVA), measurement of
refraction (manifest, dilated, and/or wavefront refrac-
tions) and keratometry, slit-lamp examination with
fundus evaluation, measurement of corneal topography
(Orbscan II; Bausch & Lomb, Rochester, USA) and/or
ultrasonic pachymetry (US-1800 Echoscan; Nidek,
Achi, Japan), and measurement of intraocular pressure.
Inclusion criteria were myopia between —1.0 D and
—13.0 D, <—5.50 of corneal astigmatism, hyperopia
between +1.50 and 4-6.0 D, age >18 years with stable
refraction for at least one year, and central corneal
thickness >480 um. Patients with a history of corneal
dystrophy or herpetic eye disease, topographic or clinic
evidence of keratoconus or degenerative corneal disor-
der or warpage from contact lenses, severe dry eye,
corneal scarring, any ocular disease such as glaucoma,
uveitis, collagen vascular diseases, and the use of
systemic corticosteroids or antimetabolities were
excluded.

The standard LASIK technique was performed in
all patients. Two drops of proparacaine 0.5 %
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(Alcaine; Alcon) was instilled in each eye 5 min and
just before the procedure. The perioculer area was
cleaned with povidone-iodine preparation (Betadine).
Eyelashes were isolated by sterilized plastic adhesive
drapes and a speculum. The cornea was marked with a
corneal marker using Gentian violet staining. A
vacuum ring was placed into the operative eye and
adequate vacuum obtained. The microkeratome set-
tings (suction ring, flap stop) were chosen according to
the steepest K (nomogram), aiming for the optimal
flap diameter. The flaps were prepared using either the
Moria M2 automated metallic head 130 or the M2
single-use head 90 microkeratome (Moria, Anthony,
France); the hinges were positioned superiorly in all
cases. The standard speed of pass was used in all
patients. The blade was changed for each patient and
the generally the right eye was treated first in bilateral
cases. The stromal bed was dried with a surgical
sponge and ablation was performed. After ablation,
the stromal bed was irrigated with balance salt solution
to wash out any debris or epithelial cells. Flap position
and centration were checked and a striae test was
performed to ensure proper flap adherence. Antibiotic
and steroid drops were instilled, and the speculum and
drape were then removed. All patients were examined
30-60 min after surgery to check flaps. Postopera-
tively, patients were given prednisolone acetate 1 %,
and ofloxacin 0.3 % drops four times a day for
2 weeks and artificial tears solution (single use,
preservative-free) six or eight times a day for 1 month.
Bandage contact lenses were used on selected cases.
Data collected from the charts included patient’s
age, gender, preoperative refraction, spherical equiv-
alent (SE), preoperative corneal thickness, keratomet-
ric values, and details of intraoperative and early
postoperative flap complications. Statistical analysis
of the results was performed using SPSS V21 program
for Windows. Correlations, descriptive statistics, fre-
quencies, Student ¢ test and nonparametric tests (Chi
squared, Mann—Whitney U tests) were analyzed.

Results

Between January 2005 and April 2009, 806 eyes of
408 patients (401 right eyes, 405 left eyes) underwent
primary LASIK surgery. The Moria M2 single-use
head 90 microkeratome was used in 183 (22.7 %) eyes
and the Moria M2 automated metallic head 130
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microkeratome in 623 (77.3 %) eyes. Of these,
intraoperative and early postoperative flap-related
complications were identified in 52 (6.45 %) eyes of
36 (8.83 %) patients (20/55.55 %  females;
16/44.45 % males). Complications occurred in
27/401 (6.73 %) right eyes and 25/405 (6.17 %) left
eyes. Of these 52 eyes, 34 (4.22 %) were treated with
the Moria metallic head and 18 (2.23 %) with the
Moria M2 single-use head 90 microkeratome. No
statistical difference was found for microkeratome-
related flap complications between the Moria M2
single-use 90 and the metallic head microkeratome
(1leyes vs 30 eyes; t = 0.645, p > 0.05). All eyes
studied had refractive myopia, hyperopia and astig-
matisma. The mean age of all patients was
29.01 £+ 7.78 years (range 18-59 years). The mean
age for patients with flap complications was
29.29 £+ 9.12 years (range 18-52 years), the mean
preoperative SE was 3.20 + 2.78 D (range +2.875 to
—8.750 D), the mean preoperative steep K power was
44.06 &+ 1.62 D (range 41.50-47.37 D), the mean
preoperative flat K power was 42.74 + 1.58 D (range
39.12-42.74 D), and the mean preoperative corneal
thickness was 557.80 & 31.93 um (range 494 to
—631 um). Demographic, refractive data, and the
incidence of flap-related complications are shown in
Table 1.

Keratectomy was incomplete in the second eye of a
21-year-old female patient when the microkeratome
stopped before completing the cut. This case was
treated succesfully by re-cutting the cornea 6 weeks
after the initially surgery. Final UCVA was 1.2, and
manifest refraction was 0.00. Additionally, poor
keratectomy also occurred in another patient. A
slightly smaller flap was formed, but the ablation
was not postponed. Preoperative refraction of the eye
was —2.75. Postoperative final refracion was
+0.50 x 30°, UCVA was 1.0, and the patient was
satisfied 2 weeks after surgery. Preoperative measure-
ments, especially K powers, were normal for the two
above cases. The overall incidence of both complica-
tions was 0.124 % seperatedly (Table 1).

Free complete flap occurred in only one eye
(0.124 %). The patient had a mild myopia (—4.0 D)
and minimal astigmatism (—0.25 D). BCSVA of this
patient was 1.0 preoperatively. Preoperative data of
this patient were normal, and patient did not have a flat
cornea. The Moria M2 single-use head was used in this
procedure. Free flap occurred in the right eye during
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61,53% of cases had a thicker cornea
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Fig. 1 Distribution of epithelial defects and preoperative
Orbscan corneal thickness

the first operation and the procedure was aborted, and
ablation was not applied. The flap was then placed, and
sutured at the hinge at 6 o’clock with a 10-0 nylon
suture (Alcon). A bandage contact lens was used. The
sutures were removed on the second postoperative
day. No loss of line in BSCVA or irregular astigma-
tism were observed. Postoperative refraction for this
eye was —4.0 (—0.50 x 160°) which was similar to
preoperative refraction.

Flaps folds were detected in 12 eyes postopera-
tively. The overall incidence of flap folds was 1.49 %;
most of them were fine lines (microstriae) on the first
day after the surgery. Flap repositioning procedures
were performed in both eyes of one patient on the first
day after surgery where a metallic head microkera-
tome had been used in both eyes. The Moria
automated metallic head microkeratome was used in
five of the remaining ten eyes and the Moria M2
single-use head was used in the other five remaining
eyes. A statistically significant relationship was found
between flap striae and age (r = 0.676; p = 0.22).

Epithelial defects or abrasions were detected in 13
eyes (1.61 %) (Fig. 1). Epithelial defects occurred in
11 eyes in which the Moria metallic head microker-
atome had been used. Although most of the patients
had a thick cornea >550 pm (61.53 %), this result was
statistically insignificant (r = 0.37; p = 0.655)
because the mean preoperative corneal thickness in
all cases was 557.80 £ 31.93 um. There were two
facts to consider regarding epithelial defects. First,
epithelial defects occurred more commonly in the first
eye to undergo surgery, i.e., the right eye, and second,
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the use of the Moria metallic head microkeratome. No
relationship was found between age or gender or
preoperative SE or steep/flat K power (p > 0.05).

We detected interface debris in ten eyes (overall
incidence 1.24 %). Seven (70 %) of the ten eyes were
treated with the Moria metallic head microkeratome,
and three (30 %) with the Moria M2 single-use head.
In five cases, the flaps were lifted and interfaces were
irrigated. DLK occurred simultaneously in two eyes
with interface debris. One of the patients had epithelial
defects simultaneously.

DLK occurred in ten eyes of eight (4 females, 4
males) patients (1.24 %). The other features of DLK
are shown in Table 1. Two eyes of one patients had
both DLK and striae. All cases had stage I or II, and
were treated with topical corticosteroids. One of them
occurred after the repositioning procedure for flap
striae.

Infectious keratitis occurred in one eye of one
patient. On the first postoperative day the cornea and
interface were clear. Minimal debris was noted in the
interface of the fellow eye. The patient came back with
blurred vision, photophobia, conjunctival hyperemia
on the fifth postoperative day. A 1-1.5 mm round
gray-white abscess with stromal infiltration was
located in the interface. The interface was opened
and irrigated with antibiotic/antifungal solution after
taking a culture. Gram staining and culture were
negative. The progression of infiltration was rapid, and
satellite infiltration appeared despite systemic, sub-
conjontival and topical antibiotic treatment. Systemic
and topical antifungal treatment was then added. The
progression was controlled with intensive treatment
and visual complications were prevented. The patient
lost three lines of BSCVA, final refractive data was
+0.25 (+2.50 x 122°), and a slight inactive infiltra-
tion was observed on the third postoperative month.

Epithelial ingrowth was detected in two patients—
both eyes of one patient and the left eye of the other
patient. Epithelial ingrowth was detected in both eyes
of the first patient, a 23-year-old male, during the first
month after surgery. In the right eye, preoperative SE
was —8.50 D, preoperative corneal thickness was
569 pum, and preoperative K reading for flat, and steep
powers was 43.25. In the left eye, these values were
—6.75 D, 581 um, and 43.0 D and 43.87 D, respec-
tively. The patient had grade I epithelial ingrowth in
the right eye and grade II in the left eye. The left eye
was treated by reopening the flap. The stromal bed and

the back of the flap were scraped and the interface was
irrigated. Six months after this procedure, no progres-
sion was detected in both eyes. He had lost no lines of
BSCVA in the left eye. On the first postoperative
month, refraction of the right and left eye was —0.50
(—0.50 x 100°) and 0.00 (—1.0 x 65°), respectively.
Final refraction of the left eye after re-operation was
+0.25 on the sixth postoperative month. Epithelial
ingrowth appeared in the left eye of the second patient,
a 25-year-old male, two months postoperatively.
There was grade I-II ingrowth. The patient was
followed up for 6 months. No progression occurred;
however, the patient lost two lines of BSCVA in the
affected eye. His preoperative refraction was —2.0
(—1.75 x 15°) and his final refraction was +0.25
(+0.75 x 135) at 6 months postoperatively. His pre-
operative SE was —3.75 (sphere —2.75, cylinder
—2.0), preoperative thickness was 554 pm,and pre-
operative K reading was 42.75 D for the steep K, and
40.50 D for flat K power.

Statistically, there was no significant relationship
between microkeratome-related complications (free,
incomplete and small flaps, epithelial defects, and flap
striae; together) and preoperative K readings
(p > 0.05). In this study, no statistically significant
correlation was found between the laterality of the eye
and the incidence of flap complications (Chi squared
p = 0.199). No button hole or decentralized or
displaced flap was identified.

Discussion

Although LASIK has some advantages over surface
ablation, its primary disadvantage is flap-related
complications [21]. In this study, we reviewed the
incidence of flap-related complications using the
Moria M2 automated metallic head 130 and the Moria
M2 single-use head 90 microkeratomes. In our study,
the incidence of intraoperative flap-related complica-
tions was 1.99 %, and early postoperative flap-related
complications was 4.46 %; the overall incidence was
6.45 %. The Moria M2 single-use head 90 microker-
atome was used in 18 of the 52 eyes and the Moria M2
metallic head 130 microkeratome was used in 34 of the
52 eyes (34.61 vs 65.39 %). Microkeratome-related
complications (incomplete flap, free flap, small flap,
epithelial defect, flap stria, interface debris, and
epithelial ingrowth) were found in 11 eyes with the
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Moria M2 single-use 90 head and in 30 eyes with the
Moria M2 metallic head; however, no statistical
difference was found between the Moria M2 single-
use 90 head and M2 metallic head (p > 0.05). The
etiology of poor keratectomy and risk factors for flap-
related complications have been postulated to be
multifactorial [21]. Our complication rates were either
lower or comparable to previous reports [6-21].

A free cap is a free corneal flap without a hinge.
Failure to the stop the mechanism of the microkera-
tome, inadequate or loss of suction, and a flat cornea
(keratometry readings <41 D) may lead to the
formation of a free flap. The reported incidence of
free flap with different microkeratomes ranges from
0.1t0 5.9 % [5-16]. In our study, the incidence of free
flap was 0.124 %, and no association was found with
keratometric readings (flat K, 42.50 D; steep K, 43.25
D). We had only one case of a complete free flap that
was repositioned and sutured. In this case the stromal
bed was seen to be adequate in size, but the laser
ablation was not applied. Sutures were removed on the
second postoperative day. The flap reposition was
good and the patient did not have any loss of BSCVA;
re-cutting was not performed because the patient
refused re-operation.

Incomplete or partial flaps are the result of a
premature stop of the microkeratome during its course,
and have been reported in up to 5 % of cases [10, 13].
In this study, an incomplete flap occurred in one eye
(0.124 %). The surgery was aborted, and the partial
flap was replaced. Re-cutting and ablation procedures
were performed successfully after six postoperative
weeks.

A small diameter flap occurred in one eye
(0.124 %). In this case, the flap lifted and ablation
was applied because the surgeon decided that the
stromal bed was smooth and adequate in size.
Preoperative K readings of this case were 43.43 D
for steep K and 43.26 for flat K power. In a large study
by Albelda-Valles et al. [22], the incidence of free and
incomplete flaps was found to be higher in flatter
corneas, whereas the incidence of epithelial abrasions
and thin/irregular flaps was found to be higher in
steeper corneas. In our study, no relationship was
found between preoperative K readings and free, small
or incomplete flaps or epithelial defects.

In our study, epithelial defects were the most
common intraoperative complication of LASIK, sim-
ilar to other studies. The overall incidence of epithelial
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defects during LASIK is thought to be between 2.6 and
14 %. Different microkeratomes have different rates
of associated epithelial defects [14-21]. The incidence
of epithelial defects in our series was 1.61 %, and
occurred mostly in eyes that had undergone surgery
with the Moria M2 metallic head (84.61 %). Use of the
Moria metallic head seemed to play a role in epithelial
defects. Khachikian et al. [20] evaluated 4,000 LASIK
procedures and noted epithelial defects in 326 (8.2 %).
They also reported that microkeratome design and
head type played a role in the formation of epithelial
defects. Corneal epithelial defects during LASIK
result from overuse of topical anesthetic drops, trauma
by the corneal markers, the suction ring, passage of the
microkeratome over the surface, dehydration and
drying of the flap, or minor trauma by forceps or
spatula. The risk factors are epithelial basement
membrane dystrophy, age >40 years, hyperopia,
thicker preoperative corneal thickness, and surface
drying during keratome pass. An epithelial defect can
also increase the patient’s risk of developing DLK,
flap striae, and epithelial ingrowth [14, 15, 23, 24].
Shah et al. [25] reported that the presence of an
epithelial defect increases the risk of developing DLK
24 times. On the contrary, Yildirim et al. [14] did not
find any association. In this study, DLK did not occur
in any case of epithelial defect. In our study, there was
no evidence of a relationship between epithelial
defects and age, gender or hyperopia. However, there
was a relationship between epithelial defects and the
first eye to undergo surgery; 76.92 % of 13 eyes with
epithelial defects were the first eyes to undergo
surgery. Chen et al. [24] also reported a correlation
between epithelial defect and age, but no correlation
with gender, corneal curvature, preoperative thick-
ness, microkeratome, or preoperative/postoperative
refraction. In the overhelming majority of patients,
epithelial defects healed within 24-48 h. A bandage
contact lens was applied at the end of the procedure
and left in place until the epithelial defect healed. A
recurrent corneal erosion occurred in one eye after
three postoperative months. Pressure patching and a
bandage contact lens was applied. In this study, the
epithelial defects may be associated with blade quality
or head type or preoperative thicker cornea. Overuse
of medication or surgical trauma may also have
contributed.

The incidence of flap striae or folds after LASIK
reported in various studies ranges from 1.1 to 10 %



Int Ophthalmol (2014) 34:1107-1114

1113

[6-10, 12—-15]. In our study, the incidence of flap striae
or fold was 1.62 %. We determined a significant
correlation between flap striae and age (r = 0.679;
p = 0.22), i.e., increasing flap striae with increasing
age. Flap striae are classified into two types—
macrostriae and microstriae. Central striae or any
striae that affect visual acuity, quality of vision or
cause irregular astigmatism, should be treated early,
especially on the first postoperative day [14, 15]. We
lifted, hydrated, and placed back into position or
‘ironed out’ the flap with a wet Merocel sponge in both
eyes of one patient. This patient’s preoperative
refractions were —4.25 (—2.50 x 10°) for the right
eye and —4.50 (—2.50 x 172°) for the left eye.
Postoperative refractions after repositioning proce-
dures were —0.25 (—0.50 x 20°) in the right eye and
40.25 (=0.75 x 10°) in the left eye. Two patients
who had flap striae refused the repositioning procedure
despite recommendation; one of them lost two lines
and the other lost one line of BSCVA. While
preoperative refraction of the first patient’s left eye
was —2.0 (=2.50 x 180°), final postoperative refrac-
tion was +1.25 (—1.50 x 115°) at the sixth postop-
erative month. The other patient’s refraction was —2.0
(—1.75 x 15°) in the affected eye, and postoperative
refraction was +0.25 (40.75 x 135°) after the first
postoperative year.

Epithelial proliferation and the advancement of
epithelial cells into the space between the stromal bed
and flap is known as epithelial ingrowth [5]. Poor or
improper adhesion of the flap will encourage migra-
tion of the epithelial cells into the interface. The risk
factors for epithelial ingrowth include anterior base-
ment membrane dystrophy, postoperative epithelial
defects, postoperative inflammation, postoperative
flap slippage, previous corneal surgery, and history
of ingrowth in the fellow eye [15]. Epithelial ingrowth
was observed in three (0.37 %) eyes of two patients. In
various studies, the incidence of epithelial ingrowth
after LASIK was reported to be 0-8.8 % [5-18, 26].
We performed re-lifting and scraping procedure in one
eye, and no line of BSCVA was lost. No progression
occurred in the other patient’s eye, but two lines of
BSCVA were lost within 1 year after LASIK. Our
patients did not have any risk factors.

DLK is a non-infectious condition and is also called
‘Sands of Sahara Syndrome’. The first published
report appeared in 1998 by Smith and Maloney [27].
The etiology of this syndrome is still unknown. An

allergic or toxic reaction in the most commonly
invoked hypothesis. The inflammation typically
responds rapidly to topical corticosteroid treatment
[5, 14, 15]. Lin and Maloney [8] reported an incidence
of 1.8 %. We observed DLK in ten eyes with mild
interface inflammation but no other ocular inflamma-
tion (grade II-I). The incidence of DLK was 1.24 % in
our study. One case of DLK had interface debris
simultaneously. In another case, DLK occurred fol-
lowing repositioning of flap striae. All patients with
DLK were treated with topical corticosteroids. None
of the eyes with DLK lost any lines of BSCVA.

Interface debris may result from metal fragments of
blade, oil material from the microkeratome, powder
from gloves, sponge fibers, meibomian secretions or
lint fibers [5, 9, 12]. In this study, we frequently
observed iron particles and sponge fibers in the
interface. These particles rarely provoke inflammation
or affect vision [5, 9, 12, 14]. However, we performed
washing out of the interface in six (60 %) of ten eyes.

Microbial infection is a rare but potentially vision-
threatening complication following LASIK [5, 12, 14].
Perez-Santonja et al. [28] reported the first case, and
various authors then reported cases of bacterial and
fungal infections after LASIK [5, 7, 29, 30]. The
incidence of infection ranges from 0 to 1.5 % [5, 7, 9,
29, 30]. Microbial infection occurred in one eye in our
series. It was controlled by surgical cleaning of copious
material and intensive medical treatment. The abscess
in the interface in our patient healed with minimal
stromal scarring and a final BSCVA of 0.7 using a
Snellen Chart at 6 months after LASIK surgery.

It should be noted that our study had inherent
limitations of a retrospective study.

In conclusion, our study showed that epithelial
defects were the most common type of flap-related
complications, followed by flap striae, interface
debris, and DLK. Free flap, and incomplete flap rates
were small. The overall incidence of complications in
both eyes were similar. Although no statistical differ-
ence was found for microkeratome-related flap com-
plications between the Moria M2 single-use 90 and the
Moria M2 automated metallic head microkeratome,
the Moria M2 single-use 90 seems to have a lower
complication rate of epithelial defects compared to the
M2 automated metallic head. Further prospective and
controlled studies are needed to evaluate the rate of
flap-related complications with LASIK using microk-
eratomes as well as femtosecond lasers.
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