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Abstract
Purpose: To report the clinical outcome of laser in situ keratomileusis (LASIK) cases
complicated by severe central intraoperative epithelial defects (EDs) caused by the
microkeratome cut.
Setting: Department of Ophthalmology, Johann Wolfgang Goethe-University, Frankfurt am
Main, Germany.
Methods: In a retrospective study of 1650 LASIK cases at 1 center, the preoperative data,
surgical procedures, and postoperative course in 22 eyes of 14 patients who experienced
severe central EDs during the LASIK procedure (1.3%) were reviewed. The surgery was
performed using a Technolas® C-LASIK 217 excimer laser (Bausch & Lomb) and a
Hansatome® microkeratome (Bausch & Lomb). A follow-up of at least 12 months was
available in all but 1 case. The median follow-up was 13.5 months (range 12 to 25 months).
In the postoperative period, the following parameters were reviewed: course of refraction,
best spectacle-corrected visual acuity (BSCVA), slitlamp findings, and corneal topography.
Results: The mean patient age was 42 years (range 27 to 61 years). Eight patients were
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affected bilaterally. Fifteen eyes (68%) had moderate to severe dry-eye symptoms
preoperatively. Almost all eyes lost BSCVA in the postoperative period, and visual acuity
improved slowly. By the last follow-up visit, no eye had lost more than 1 line of BSCVA.
Diffuse lamellar keratitis (DLK) was observed in 20 eyes (91%), irregular astigmatism in 17
(77%), and microfolds in 12 (55%). In unilaterally affected patients, the refractive outcome
was better in the nonaffected eye.
Conclusions: A large central ED is a severe intraoperative complication of LASIK that may
lead to DLK, irregular astigmatism, flap microfolds, clearly prolonged visual rehabilitation,
and temporary loss of BSCVA. The improvement in BSCVA may take several months.
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• Patients and Methods
• Results
• Discussion
• References

Laser in situ keratomileusis (LASIK) is currently the most popular refractive surgery
procedure worldwide. The range of available correction, reliability and safety of results, and
speed of visual recovery made the procedure the most revolutionary breakthrough in
ophthalmology in the 1990s. Technical development has made the microkeratome cut a safe
procedure, which is followed by laser ablation of the cornea to achieve the refractive effect.
[1] Intraoperative epithelial defects (EDs) are a common complication [2 and 3] that may be
associated with epithelial ingrowth, [4 and 5] flap edema, diffuse lamellar keratitis (DLK),
[6] overcorrection or undercorrection, [3] flap melting, [7] and haze. [8 and 9] However,
these complications are observed in only a small percentage of EDs. [10 and 11] Large,
particularly central, EDs are rare but of potential risk to vision since the optical axis and not
the flap periphery is affected. Several risk factors, eg, age, corneal thickness, and skin type,
are associated with an increased incidence of EDs. [2 and 3]
Since no comprehensive data have been published on the clinical outcome of LASIK cases
complicated by large central EDs, this study was performed to report the clinical course of
large central EDs caused by the microkeratome cut.

Patients and Methods
In this retrospective study, the records of 1650 LASIK procedures performed in the
Department of Ophthalmology of the Johann Wolfgang Goethe-University between 1997 and
2001 to correct myopia, hyperopia, and astigmatism were reviewed. All surgery was
performed by 1 of 2 experienced ophthalmic surgeons (T.K., G.S.). Only EDs larger than 1.5
mm2 that affected the visual axis were included in the study. A uniform LASIK technique
using the Hansatome® microkeratome (Bausch & Lomb) and the Technolas® C-LASIK 217
excimer laser (Bausch & Lomb) was performed during the study period.[12 and 13]
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Postoperatively, all patients were treated with an antibiotic, a steroid, and artificial tears. The
treatment duration and dose were modified individually depending on the clinical course. All
patients were examined on day 1 and after 1 week and 1 month. When necessary, further
appointments were made to observe the visual performance. Beside demographics, the
following parameters were reviewed in the follow-up examinations: preoperatively—
subjective manifest refraction, best spectacle-corrected visual acuity (BSCVA), corneal
topography (Orbscan®, Bausch & Lomb), severity of dry-eye syndrome, and biomicroscopy
of the anterior segment. Postoperatively—course of subjective manifest refraction and
BSCVA, course of corneal topography change (including assessment of central corneal
irregular astigmatism), time and outcome of retreatments, and biomicroscopy of the anterior
segment. In cases with only 1 affected eye, the refractive outcome was compared to that in
the fellow eye (6 cases).
The assessment of irregular astigmatism was done using the irregularity index of the Orbscan
corneal topography for the central 3.0 mm zone; this compares the measured area to a best-fit
aconic sphere at the central region.
Microsoft Excel® and SPSS (version 10.0.7) were used for data collection and statistical
analysis. A P value less than 0.05 was considered statistically significant. Data accumulation
conformed with all local and state laws.

Results
Twenty-two eyes (14 patients) (incidence 1.3%) in which severe central EDs had occurred
during surgery were identified. The mean age of the 6 women and 8 men was 42 years (range
27 to 61 years). All cases completed a minimum follow-up period of 12 months, except 1
hyperopic patient (2 eyes) whose data are presented as a single case. The median follow-up
period was 13.5 months (mean 14.6 months; range 12 to 25 months).
Eight patients had bilateral central EDs (Figure 1). None of the surgery was performed
simultaneously. All patients were myopic or myopic astigmatic except 1 (2 eyes), who did
not meet the criterion of at least 12 months of follow-up. Since this patient had hyperopic
astigmatism, the refractive development of BSCVA is reported as a single case. In 16 eyes
(72.7%), the surgeon used a bandage contact lens immediately after the surgery was
completed.

(33K)

Figure 1. (Mirshahi) Slitlamp image of a severe central ED caused by the microkeratome cut.

Preoperatively, 15 eyes (68.2%) had moderate to serious dry-eye symptoms (Schirmer test).
Basal membrane dystrophy, cornea guttata, and mild subepithelial opacification were seen in
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1 patient (both eyes) each during the slitlamp examination.
The course of the BSCVA (logMAR) and the spherical equivalent (SE) are shown in Figure
2 and Figure 3, respectively. Seventeen cases (almost 80%) had postoperative irregular
astigmatism on corneal topography maps; this became milder over time (Figure 4 and Figure
5). While 4 (21.1%) of the 19 eyes achieved the preoperative BSCVA scores in the mid-term
follow-up examination (4 to 8 months after the initial surgery), 3 others (15.8%) lost 2 or
more lines of Snellen visual acuity. In the last follow-up examination, 12 (60%) of the 20
eyes achieved the original visual acuity; none lost more than 1 line of Snellen. In 1 case,
there was an improvement of 1 Snellen line.

(6K)

Figure 2. (Mirshahi) The course of the BSCVA (logMAR). The boxes show the median, 50%
quartile, minimum, and maximum.

(6K)

Figure 3. (Mirshahi) Development of refraction (SE, D). The boxes show the median, 50%
quartile, minimum, and maximum.

(6K)

Figure 4. (Mirshahi) Development of irregularity on the corneal topography (irregularity index,
D). The boxes show the median, 50% quartile, minimum, and maximum.
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(83K)

Figure 5. (Mirshahi) Development of corneal topography after LASIK complicated by a severe
central ED (Orbscan, tangential keratometric map). A: Preoperative scan. B: 1 week after
LASIK. C: At 1 month. D: At 2 months. E: At 5 months. Note the decrease in irregular
astigmatism over time.

During the early postoperative period, diffuse lamellar keratitis (DLK) stage I–II developed
in 20 eyes (90.9%). Treatment with topical steroids was intensified and prolonged in these
patients. Six eyes (27.3%) developed paracentral epithelial islands in the interface during the
follow-up, and peripheral epithelial ingrowth was observed in an additional 5 eyes (22.7%).
In 1 eye, surgery to remove the epithelial growth from the interface was necessary. Laser in
situ keratomileusis retreatment was necessary in 5 eyes to correct residual refractive errors.
No refinement procedure was performed earlier than 4 months after the initial surgery. At the
final follow-up, the slitlamp examination revealed interface haze/snowflakes in 2 eyes
(9.1%), microfolds in 12 (54.5%), map-dot-fingerprint dystrophy signs in 6 (27.3%; observed
preoperatively in 2 eyes), epithelial irregularity in 2 (9.1%), mud cracks and iron deposit in 1
eye each (4.5%), and mild subepithelial opacification or cornea guttata in both eyes of 2
patients (observed preoperatively). One patient developed recurrent paracentral EDs (corneal
erosions) with concomitant DLK in both eyes during the 15-month follow-up. No corneal
abnormality except mild dry-eye syndrome was noticed in this case preoperatively.
The refractive outcome in the affected eyes (Group 1) and nonaffected eyes (Group 2) of
patients who experienced EDs unilaterally (6) was as follows: One month after surgery, 4
eyes in Group 1 were within ±1.0 diopter (D) of emmetropia and 3 were within ±0.5 D. In
Group 2, all eyes were within ±1.0 D of emmetropia and 4 were within ±0.5 D (all SE). Two
Group 1 ED eyes and no Group 2 eye had LASIK retreatment. The mean SE was −0.33 D
(median 0.13 D) in the ED group and −0.06 D (median 0.13) in the uneventful surgery group.
The course of refraction and visual acuity in the hyperopic patient (both eyes) was as
follows: The refraction was +3.75 −3.5 × 100 in the right eye and +3.75 −2.75 × 85 in the left
eye preoperatively; +0.25 −1.00 × 90 and −0.25 −0.50 × 74, respectively, at 1 month; and
+0.25 −1.00 × 15 and −0.50 −0.75 × 170, respectively, at 7 months. The BSCVA (logMAR)
was −0.04 in the right eye and −0.08 in the left eye preoperatively; 0.16 and 0.0, respectively,
at 1 month; and 0.24 and 0.06, respectively, at 7 months. Laser in situ keratomileusis
retreatment was performed in the patient's right eye after the 7-month visit, but the patient
did not appear for monitoring after the refinement procedure, although she stated that she
was happy with the outcome.

Discussion
Our results demonstrate that large central EDs stunt visual restoration after LASIK.
Refractive and especially visual acuity development are markedly prolonged. The restoration
of BSCVA in our study took several months. Although there was a significant loss of visual
acuity in about 80% of cases at the mid-term examination (4 to 8 months postoperatively),
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the visual acuity loss was observed in only 30% of cases at the last examination, performed
at least 1 year after the initial procedure, with no affected eye losing more than 1 Snellen line
of BSCVA. Similarly, the refractive results seemed to be negatively influenced by central
EDs, as the intraindividual comparison in the unilaterally affected patients and the relatively
high number of retreatments (6 cases, 27.3%) suggest. Although the number of unilateral
events in our study was too small to be conclusive, our results agree with those in the
retrospective study of 1436 LASIK cases by Mulhern and coauthors,[14] which demonstrates
that eyes affected by interface keratitis and EDs have a larger deviation from emmetropia
than eyes with interface keratitis alone.
The appearance of DLK in the early postoperative course in more than 90% of cases is
another important outcome of our study and clearly demonstrates the association between
EDs and abnormal wound healing. Although this relationship has been described by others,[6
and 11] the level of the association found in our study is impressive and suggests that large
central EDs might have a greater influence on corneal wound healing than mild peripheral
defects. Since DLK, which is characterized by invasion of inflammatory cells into the
LASIK interface, [11 and 15] occurred in all our cases despite regular postoperative
treatment with topical steroids and since the steroids are known to reduce the intensity and
duration of the inflammatory response, we conclude that not treating with steroids, which
might be considered because of the break in the epithelium integrity, might have led to higher
grades of DLK and resulted in severe loss of BSCVA. Therefore, we recommend instilling
steroid drops in cases of EDs and, most important, observing the course regularly and
meticulously.
Recently, cases of diffuse haze following epithelial abrasion for the treatment of flap folds
have been reported.[8 and 9] Bühren and Kohnen[9] report a case of DLK, grade 2 haze, and
temporary myopic shift of 2.0 D following epithelial debridement. Confocal microscopic
examination revealed a significantly altered wound-healing reaction due to keratocyte
apoptosis in the underlying stroma and consecutive stromal repopulation, which appeared
clinically as haze and myopic shift. A partial effect on the cornea (eg, 1 large defect in the
lower hemisphere) will result in irregular astigmatism from locally altered wound healing. In
fact, 1 month after the surgery, irregular astigmatism and a negative SE were seen in 17 eyes
(77.3%) and 18 eyes (81.8%), respectively, in the present series.
Slitlamp findings in our series suggest that development of microfolds is associated with
intraoperative EDs. Microfolds rarely affect the visual acuity, especially if the visual axis is
not involved.[11] It has been shown that patients with basal membrane dystrophy have
poorly adherent epithelium and are predisposed to EDs during the microkeratome cut. [16]
Thus, we hypothesize that some of our patients might have had basement membrane
dystrophies that were almost unremarkable clinically. A pathogenetic link to the frequent
occurrence of microfolds, which may appear as wrinkles in Bowman's layer or in the
epithelial basal membrane, [17 and 18] seems probable. A high incidence of epithelial
ingrowth during the postoperative course, as observed in our study, agrees with the finding of
other authors, [4 and 5] who report a statistically significant correlation between EDs during
surgery and epithelial ingrowth. A possible explanation for this phenomenon is that EDs
induce high epithelial proliferation, leading to cell migration under the flap edge. As shown
in our study, other rare postoperative findings, eg, interface haze, might be associated with
intraoperative EDs.
We observed a case of recurrent corneal erosions and DLK following a surgically induced
ED that had initially healed. This rare complication of LASIK has been reported by only a
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few authors.[19 and 20] Ti and Tan [20] report 5 cases of recurrent corneal erosions
associated with EDs during LASIK, and they hypothesize that LASIK can trigger or
precipitate recurrent corneal erosions. We believe the occurrence of large intraoperative EDs
and postoperative recurrent corneal erosions are clinical appearances of the same disease:
undiagnosed or subclinical basal membrane dystrophy.
We did not compare our results with those in an age- and refraction-matched population
because we think fast visual restoration and stability of refraction in uneventful LASIK cases
have been proved.[1 and 12] Therefore, comparison with a matched group of uncomplicated
LASIK eyes would deliver results that are actually obvious to the clinicians.
Previous studies verify the likelihood that the second operated eye will develop an ED if the
first eye does.[3] Our results corroborate this observation in that 8 of the 14 patients with
large central EDs developed them bilaterally. Recent studies indicate the overall incidence of
EDs with the Hansatome microkeratome is between 9.7% and 16%. [2 and 3] Furthermore,
risk factors, eg, age and skin type, have been identified. [2 and 3] Epithelial defects occur
when the shearing force from the microkeratome pass overwhelms the adhesion between the
epithelium and the basement membrane. A modification of the Hansatome microkeratome by
a rounded trailing edge of the plate (zero-compression head) appears to significantly reduce
EDs in LASIK, [21] potentially reducing the future incidence of large central EDs. As our
study shows that large central EDs are not benign complications, we consider knowledge of
their clinical course to be valuable for clinicians.
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