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Purpose: To investigate the efficacy and safety of LASIK over a 5-year postoperative period.
Design: Observational case series.
Participants: We examined 779 eyes in 402 patients with myopia or myopic astigmatism who underwent

LASIK to correct their refractive errors and received regular postoperative assessments for 5 years.
Methods: Postoperative examinations were performed 1 day; 1 week; 1, 3, and 6 months; and 1, 2, 3, 4, and

5 years after LASIK surgery.
Main Outcome Measures: We evaluated changes in uncorrected visual acuity (UCVA) (logarithm of the

minimum angle of resolution [logMAR]), manifest refraction, best-corrected visual acuity (BCVA) (logMAR),
intraocular pressure, corneal thickness, corneal endothelial cell counts, and complications.

Results: Preoperative UCVA of 1.27 improved to �0.03 at 1 day after surgery and �0.08 at 1 month and
revealed minimal but significant decreases thereafter. Postoperative manifest refraction was also improved by
surgery, showing minimal but significant regression after 1 year. Final BCVA loss was seen in 10 eyes of 7
patients; in 7 cases, there were obvious reasons such as the progression of cataracts in 3 eyes, epithelial
disintegrity due to dry eye in 2 eyes, irregular astigmatism due to flap striae in 1 eye, and age-related macular
dystrophy in 1 eye. Intraocular pressure and corneal thickness decreased by 4.0 mmHg and 76.9 �m, respec-
tively, due to surgery, but remained stable throughout the follow-up period. Corneal endothelial cell counts
(2689.0�232.9 cells/mm2 before surgery) showed a statistically significant decrease at 5 years after surgery
(2658.0�183.1 cells/mm2; 1.2% loss for 5 years), likely within the range due to physiological age-related loss. No
serious, vision-threatening, irreversible complication such as keratectasia or progressive endothelial cell loss was
observed.

Conclusion: LASIK surgery is an effective and safe procedure for correcting myopia/myopic astigmatism as
long as inclusion and exclusion criteria are strictly respected. However, minimal regression occurred during the
5-year investigative period. Ophthalmology 2007;xx:xxx © 2007 by the American Academy of Ophthalmology.
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Since the development of LASIK by Pallikaris in 1990, the
population eligible for the procedure has continued to in-
crease.1,2 LASIK is now one of the most popular corneal
refractive surgeries.3–5 Creating a corneal flap with an intact
epithelial layer and repositioning it after stromal ablation
with an excimer laser eliminates the release of proinflam-
matory cytokines and growth factors from the epithelial
cells, making LASIK a painless procedure and minimizing
postoperative inflammation and wound-healing responses,
resulting in a low frequency of stromal haze.6–11

The efficacy and safety of LASIK have been reported by
several investigators; however, most of these reports have
summarized postoperative outcomes for a relatively short
duration, typically from 1 to 18 months.11–23 O’Doherty et
al reported long-term results of LASIK (5 years); however,
only 49 patients were observed.13 Sekundo et al also re-
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ported 6-year outcomes of LASIK surgery; however, only
33 eyes were examined.24 Long-term outcomes in a large
number of patients have not been reported.

We have performed LASIK at our institute since 1997
and have made an effort to follow up and record the post-
operative conditions of our patients for as long as possible.
We are now able to summarize postoperative data for 779
eyes that were continuously followed for 5 years. To our
knowledge, this is the first report of long-term postoperative
outcomes of myopic LASIK in a large number of cases.

Materials and Methods

Patients
The study protocol was conducted in accordance with the tenets of
the Declaration of Helsinki. Written informed consent was ob-
tained from all patients.
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Seven hundred seventy-nine eyes of 402 patients (221 male,
181 female; mean age, 34.6�8.3 years; mean subjective refraction,
�6.40�2.58 diopters [D]; range of subjective refraction, �0.75 to
�14.50 D) who underwent LASIK between December 1997 and
March 2002 at Minamiaoyama Eye Clinic and regularly returned
for postoperative examination were enrolled in this study. We
performed LASIK surgery on 21 300 eyes from 1997 until the end
of 2006, and the total number of eyes that underwent LASIK
between December 1997 and March 2002 was 11 722. Thus, we
analyzed outcomes only from patients who regularly and contin-
uously returned for postoperative examinations for up to 5 years
after surgery. The number of eyes in which we could assess
continuous postoperative outcomes was limited to 779. No patient
revealed any abnormal finding on routine preoperative ophthalmo-
logic examination.

Our exclusion criteria were myopia � �12.0 D, insufficient
corneal thickness for laser ablation (estimated total corneal
thickness � 400 �m and estimated residual thickness of the
stromal bed � 250 �m after laser ablation), or preoperative
detection of forme fruste keratoconus by videokeratography
indices. Eyes with endothelial cell counts � 1500 cells/mm2

were also excluded.

LASIK Procedure

LASIK was performed on both eyes of each patient successively
using an identical method. Before the surgery, we measured the
corneal thickness using an AL-2000 pachymeter (Tomey, Aichi,
Japan) at the corneal apex. The corneal flap was created using an
LSK-One (Moria, Antony, France; 417 eyes), M2 (Moria; 2 eyes),
MK-2000 (Nidek, Aichi, Japan; 356 eyes), or Flapmaker (Solan
Ophthalmic Products, Jacksonville, FL; 4 eyes) microkeratome.
After the flap was created, the thickness of the stroma underneath
was measured using the AL-2000, and the estimated flap thickness
was calculated by subtracting the stromal thickness from the total
corneal thickness. Laser ablation was then performed using APEX
PLUS (Summit, Waltham, MA; 117 eyes) or EC-5000 (Nidek; 662
eyes) excimer lasers. The interface between the flap and stromal
bed was irrigated with balanced salt solution containing 0.6-mg/ml
gentamicin (Gentacin, Schering-Plough K.K., Osaka, Japan) and
0.4-mg/ml methylprednisolone (Solu-Medrol, Pfizer, Tokyo, Ja-
pan). After surgery, low-dose steroid (0.1% Flumetholone, Santen,
Osaka, Japan), antibiotic (Tarivid or Cravit, Santen), and 0.3%
hyaluronic acid (Hyalein, Santen) eyedrops were prescribed 5
times per day and discontinued at 1 week postoperatively.

Postoperative Examinations

Postoperative examinations were performed 1 day; 1 week; 1, 3,
and 6 months; 1 year; and every year after that up to 5 years after
surgery. Uncorrected visual acuity (UCVA), best-corrected visual
acuity (BCVA), manifest refraction, intraocular pressure (IOP)
assessed by noncontact tonometry, corneal thickness, and corneal
endothelial cell count were measured, in addition to the usual
ophthalmologic and funduscopic examinations. Corneal thickness
was measured using the AL-2000 at the corneal apex. Corneal
endothelial cells were counted using a specular microscope (Non-
con Robo SP-9000, Konan, Hyogo, Japan).

Patient Satisfaction

We surveyed the overall patient satisfaction with the outcome of
LASIK using grades of 1 for very satisfied; 2, satisfied as expected;

3, not very satisfied; and 4, regretted undergoing LASIK.
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Statistical Analyses
Paired t tests were used for analyses of changes in UCVA, BCVA,
corneal thickness, and corneal endothelial counts. P�0.05 was
deemed statistically significant.

Results

Diameter of the Ablation Zones
The spherical equivalent (SE) of the target for the correction of
refractive error was �6.30�2.59 D (range, �0.5 to �14.0). In 765
eyes (98.2%), the laser ablation was planned to target full correc-
tion. Mean diameters of the ablated area were 6.06�0.22 mm
(range, 5.00–6.50) in the optical area and 6.97�0.17 mm (range,
5.70–7.50) when the transitional area was included.

Visual Acuity
The UCVA (logarithm of the minimum angle of resolution
[logMAR]) of the patients was 1.27 (range, 0.2–2.0) preopera-
tively and improved to �0.03 on 1 day and �0.07 at 1 week,
reached �0.08 at 1 month, and was not statistically changed up
to 1 year after surgery. Thereafter, UCVA showed continuous very
small but statistically significant decreases, reaching �0.03 at
5 years after surgery (Fig 1A). Uncorrected visual acuities
(logMAR) better than 0.0 and better than 0.2 were obtained in 85%
and in 94%, respectively, of operated eyes at 1 month after surgery
and also showed minimal but statistically significant decreases for
up to 5 years after surgery (Fig 1B).

The final BCVA at the 5-year examination improved by 2 lines
in 8 eyes (1.3%) and was unchanged in 761 eyes (97.7%; Fig 2).
However, 10 eyes lost �2 lines (1.3%) of BCVA. Three eyes in 2
patients revealed the progression of cataracts, 2 eyes of 2 patients
revealed corneal epithelial disintegrity due to dry eye, 1 eye had
suspected macular degeneration, and 1 eye showed irregular astig-
matism due to striae of the corneal flap. We could not find any
obvious cause for the decrease in BCVA in the remaining 3 eyes
in 2 patients (Table 1). The manifest refraction, corneal power, and
corneal topography showed that none of these 3 eyes demonstrated
keratectasia.

Refraction
The manifest refraction of �6.40�2.58 D preoperatively was
improved to 0.07�0.49 D at 1 week after surgery. Thereafter, the
manifest refraction continued to regress minimally but statistically
significantly up to the 5-year examination (Fig 3A). Of the oper-
ated eyes, 86% had manifest refraction within �0.5 D and 96%
were within �1.0 D at 1 week after surgery, although both fre-
quencies decreased thereafter (Fig 3B).

We examined the achievement of correction at 3 months and at
5 years after surgery (Fig 4A, B, respectively [available at http://
aaojournal.org]). The difference between the attempted and
achieved corrections was within �0.5 D in 602 eyes (82.6%),
within �1.0 D in 679 eyes (93.1%), and within �2.0 D in 718 eyes
(98.5%) in the 729 eyes that could be examined at 3 months
postoperatively. The difference between the attempted and
achieved corrections was within �0.5 D in 586 eyes (75.2%),
within �1.0 D in 693 eyes (89.0%), and within �2.0 D in 763 eyes
(97.9%), among all 779 eyes included in this investigation.

We also examined the correlation between the preoperative
refractive error and residual refractive error at 3 months and at 5
years after surgery (Fig 4C, D, respectively). There were positive

correlations between the preoperative and residual refractive errors
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at both times (3 months: y � 0.043x � 0.138, r2 � 0.042,
P�0.001; Fig 4C) (5 years: y � 0.058x, r2 � 0.067, P�0.001;
Fig 4D).

Intraocular Pressure

The IOP was 13.7�2.5 mmHg (range, 7.9–21.5) preoperatively. It
decreased to 9.7�2.0 mmHg (range, 5.0–20.7) at 1 week and
9.4�2.0 mmHg (range, 4.8–20.7) at 1 month after surgery and did not
change thereafter (Fig 5 [available online at http://aaojournal.org]).

Corneal Thickness

The corneal thickness was 542.9�30.1 �m (range, 467–655)
preoperatively. It decreased to 466.0�41.8 �m (range, 368–576)
at 3 months after surgery and did not change significantly there-
after (Fig 6 [available at http://aaojournal.org]).

Corneal Endothelial Cell Count

Average corneal endothelial cell counts were 2689.0�232.9 cells/
mm2 before surgery, 2688.9�371.6 cells/mm2 at 3 months,
2693.8�254.9 cells/mm2 at 6 months, 2690.3�197.6 cells/mm2 at
1 year, 2682.1�157.0 cells/mm2 at 2 years, 2671.5�143.0 cells/

Figure 2. Changes in best-corrected visual acuity (BCVA). The fre-
quency of eyes with BCVA that lost 2 lines was 7.3% of the operated eyes
at 1 week after surgery. However, the frequency decreased thereafter and
declined to 1.3% at 5 years after surgery. M � month; W � week; Y �

Figure 1. Changes in uncorrected visual acuity (UCVA). A, The UCVA
1 day after surgery and was stable until 1 year after surgery. Thereafter, U
patients who had UCVA better than 0.0 and 0.2 were 85% and 94%, resp
significant decrease up to 5 years. D � day; M � month; pre � preopera
months after surgery.
year.
mm2 at 3 years, 2668.8�165.4 cells/mm2 at 4 years, and
2658.0�183.1 cells/mm2 at 5 years after surgery (Fig 7 [available
at http://aaojournal.org]). The corneal endothelial cell counts
showed no significant loss up to the 4-year examination. However,
the corneal endothelial cell counts at 5 years showed a significant
decrease compared with the preoperative value (P � 0.006).

Complications

For intraoperative complications, epithelial defects were observed
in 24 eyes (3.1%), and a free flap was observed in 1 eye (0.1%).
One eye (0.1%) required intraoperative lateral canthotomy due to
a small palpebral fissure.25 Diffuse lamellar keratitis was diag-
nosed in 16 eyes (2.1%) on the first postoperative day, and 1 eye
required irrigation of the flap–stroma interface due to the progres-
sion of inflammation. Microstriae were observed in 104 eyes
(13.3%), of which 26 (3.3%) were diagnosed on the first postop-
erative day. Most of those microstriae did not affect visual acuity
(VA); thus, they were followed without surgical intervention. Four
eyes required repositioning of the corneal flap due to visual im-
pairment because of irregular astigmatism. Epithelial ingrowth was
observed in 21 eyes (2.7%), but only in 1 eye was surgical removal
required. Neither corneal haze nor keratectasia was observed in
any eye.

Enhancement

Additional surgeries to correct postoperative refractive error were
performed in 136 eyes (17.5%). Causes for additional surgeries
were decreased UCVA due to regression in 93 eyes, undercorrec-
tion in 38 eyes, overcorrection in 4 eyes, and astigmatism induced
by the primary surgery in 1 eye. The previous corneal flap was
lifted in 130 eyes (95.5%), whereas a new flap was created in 6
eyes (4.5%). The timing for enhancement was 2.5�1.6 years
(range, 21 days–5 years) after the primary surgery. However, no
correlation was found between the preoperative manifest refraction
and frequency of additional laser ablation.

Patient Satisfaction

We found no significant difference in patient satisfaction from
1 month to 5 years after surgery (Fig 8 [available at http://

arithm of the minimum angle of resolution [logMAR]) was improved at
showed a minimal but statistically significant decrease. B, Numbers of

ely, at 1 month after surgery. This also showed a minimal but statistically
xamination; W � week; Y � year. *P�0.05 compared with UCVA at 3
(log
CVA

ectiv
tive e
aaojournal.org]).
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Discussion

Post-LASIK refractive results continued to be stable for a
long time after the initial surgery, although minimal regres-
sion was observed by 1 year after surgery. The maintenance
of postoperative refractive error within �1.0 D in about
90% and within �2.0 D in 97.9% of all operated eyes
indicated that the predictability and stability of the surgery
were good. A decreased BCVA of �2 lines was observed in
10 eyes (1.3%); however, in 7 of these, there were obvious
causes other than LASIK (e.g., progression of cataracts,
epithelial impairment due to dry eye, macular degenera-
tion). No eye revealed irreversible complications such as
keratectasia, corneal stromal haze affecting VA, or severe
corneal endothelial cell loss. Approximately 90% of the
patients answered that they were satisfied or very satisfied
with the outcome of the surgery throughout the examination
period.

We always instruct all patients to undergo every postop-
erative examination for at least 5 years; however, the fre-
quencies with which patients visited our institute for post-
operative examinations were 94% at 1 week after surgery,
87% at 1 month, 73% at 3 months, 55% at 6 months, and
46% at 1 year and continued to decline thereafter. Our most

Table 1. Cases of the Loss of 2 Lines of Best-Cor

Case Gender Age R/L

Preoperativ
BCVA

(logMAR)

1 F 22 L �0.1
2 F 53 R 0.0

L 0.0
3 F 23 R �0.2
4 F 45 L �0.2
5 F 40 R �0.2

L �0.2
6 M 35 R �0.2
7 M 34 L �0.2
8 M 39 L �0.2

F � female; L � left eye; logMAR � logarithm of the minimum angle o

Figure 3. Changes in manifest refraction. A, Manifest refraction decreased
up to 5 years. B, Percentages of patients who revealed manifest refraction w
after surgery, although both frequencies decreased thereafter. M � month

with manifest refraction at 3 months after surgery.

4

recent data indicate that the frequency of postoperative
examination fell to 9.3% at 5 years after surgery. This
declining frequency of postoperative examination surely
affects the incidence of regression, enhancement, and pa-
tient satisfaction. There are many reasons why patients fail
to return for postoperative examination. Some who did not
return to our institute were seen at other institutes inside and
outside the country because of the patients’ personal cir-
cumstances. However, the majority of patients simply dis-
regarded our recommendation for follow-up examinations,
probably because they felt no need for follow-up. Thus, it
would seem that those who were satisfied with the results of
the surgery tended to forget or ignore the schedule for
postoperative examination, whereas those who experienced
irregularities in their visual performance such as poor
UCVA due to undercorrection/regression or discomfort due
to dry eye after surgery frequently came back to the insti-
tute. As a result, the true incidence of regression, enhance-
ment, and patient satisfaction among all patients who un-
dergo LASIK is likely to differ somewhat from what we
report here.

We planned full correction of myopic astigmatism in
98% of enrolled eyes. The UCVA and manifest refraction
showed dramatic recovery just after surgery; however, a

d Visual Acuity (BCVA) at 5 Years after Surgery

Postoperative
BCVA

(logMAR) Cause

0.1 Striae
0.2 Progression of cataract
0.2 Progression of cataract
0.0 Dry eye
0.0 Dry eye
0.0 Unknown (possibly irregular astigmatism)
0.0 Unknown (possibly irregular astigmatism)
0.1 Progression of cataract
0.0 Unknown
0.2 Age-related macular dystrophy

lution; M � male; R � right eye.

tly after surgery but showed faint and statistically significant regression for
�0.5 diopter (D) and �1.0 D were 86% and 96%, respectively, at 1 week
� preoperative examination; W � week; Y � year. *P�0.05 compared
recte

e

shor
ithin
; pre
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mild but statistically significant regression thereafter was
observed over the entire follow-up period. Such mild re-
gression is thought to be caused by compensated epithelial
hyperplasia after LASIK and by a slight anterior shift of the
corneal curvature due to IOP. Another possibility is that the
refractive regression may be caused partly by physiological
changes due to aging such as the thickening and progression
of nuclear sclerosis of the lens or axial elongation.26,27 That
myopic eyes revealed axial elongation and progression of
nuclear cataracts at an earlier age than emmetropic eyes28 is
consistent with the latter hypothesis.

Although there was a correlation between manifest re-
fractions before and after surgery, the frequency of addi-
tional laser ablation showed no correlation with severity of
the preoperative refractive error (data not shown). This is
probably because eyes with high myopia tended to have
less thickness of the residual corneal stroma for addi-
tional ablation.

The postoperative corneal thickness and postoperative
IOP showed similar changes. The mean corneal thickness
decreased 79.6 �m at the first assessment after surgery,
compared with the preoperative value, and stayed un-
changed thereafter up to the last evaluation. The mean
postoperative IOP dropped by 4.0 mmHg at 1 week, com-
pared with the preoperative value, and stayed unchanged
thereafter, consistent with previous reports.29,30 In contrast,
corneal endothelial cell counts were not affected by the
surgery and remained statistically unchanged until 4 years
after surgery. However, endothelial cell counts decreased
significantly to 98.8% of the preoperative value at 5 years
after surgery (P � 0.006). Normal corneal endothelial cells
have been reported to decrease by 0.3% to 1.1% per
year.31–33 Thus, a 1.2% loss in 5 years is within the normal
physiological changes through aging, indicating that LASIK
induced no harmful damage to the corneal endothelial cells.

Intraoperative and postoperative complications included
epithelial defects (3.1%), free flap (0.1%), epithelial in-
growth (2.7%), diffuse lamellar keratitis (2.1%), and striae
of the corneal flaps (13.3%). These incidences of compli-
cations were consistent with previous reports.34–38 Most of
them were minor, and rare progressive cases were treated
appropriately. Seven of 10 eyes with loss of BCVA of �2
lines were related to causes other than LASIK, such as the
progression of cataracts and epithelial impairment due to
dry eye. We found no obvious cause in the other 3 eyes;
however, the eyes revealed neither signs of keratectasia nor
any other complications related to LASIK.

We emphasize here that no serious complication that
caused irreversible BCVA loss was observed among the
patients analyzed. No eyes revealed severe stromal haze or
keratectasia, affecting VA. We suspect that the stable results
are due to the restrictions placed on patient selection and the
ablation depth of the stroma. We have determined and
strictly observed inclusion and exclusion criteria for LASIK
candidates. When the present investigation began, we per-
formed LASIK on several patients with high myopia of
more than �12.0 D or suspicious keratoconus. Because the
onset of postoperative keratectasia in cases with forme
fruste keratoconus was reported from 1999 to 2000,39–41 we

stopped performing LASIK on eyes with keratoconus, in-
cluding early or suspicious cases, in the middle of 2000. We
also decided to measure the thickness of the stromal bed
intraoperatively before laser ablation and to keep the resid-
ual corneal thickness at �250 �m after ablation in all eyes
to avoid the risk of developing keratectasia.42 Indeed, the
rate of patients who were contraindicated for LASIK for
these reasons amounted to over 20% of those who visited
our institute.43 Because the incidence of LASIK surgery in
our institute increased dramatically after 2000, the number
of eyes with a preoperative SE of more than �12.0 D was
limited to 19 (2.4%), and all of those eyes revealed rela-
tively thick corneas (the thinnest was 523 �m), indicating
that the residual stromal thickness of these eyes after laser
ablation could not be much lower than about 250 �m. In
addition, because changes in corneal shape due to the cor-
rection of high myopia decreased the quality of vision,
especially night vision,44,45 we now no longer perform
LASIK but, instead, recommend implantation of a phakic
IOL46 for patients with myopia of more than �12 D. We
believe that observing these criteria is important to maintain
the biomechanical integrity of the cornea and good vision
after surgery. In addition, we always emphasize to our
patients the importance of receiving regular postoperative
examinations that enable us to diagnose and treat compli-
cations as early as possible. We will continue to look for the
occurrence of late-onset keratectasia for as long as possible.

In conclusion, our investigation of long-term outcomes
in a large number of patients indicates that LASIK is an
effective and safe procedure. No severe late-onset or irre-
versible complications such as keratectasia or excessive
endothelial cell loss developed. We recommend careful
selection of appropriate candidates for surgery, and atten-
tion should be given to any postoperative complications,
which should be treated appropriately in a timely manner.
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Figure 4. Achievement of correction. A, Differences between achieved
93.1%, and �2.0 D in 98.5% of eyes at 3 months after surgery. B, Differen
�1.0 D in 89.0%, and �2.0 D in 97.9% of eyes at 5 years after surgery. C,
at 3 months (P�0.001) and 5 years (P�0.001) after surgery.
and attempted correction were within �0.5 diopter (D) in 82.6%, �1.0 D in
ces between attempted and achieved correction were within �0.5 D in 75.2%,

D, Preoperative spherical equivalent (SE) and manifest refraction are correlated
6.e1
Figure 5. Changes in corneal intraocular pressure, which decreased by 4.0
mmHg at 1 week after surgery compared with the preoperative value and
remained stable thereafter. M � month; pre � preoperative examination;

W � week; Y � year.



throughout the examination period. M � month; Y � year.
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Figure 6. Changes in corneal thickness, which decreased by 76.9 �m at 3
months after surgery compared with the preoperative value and remained

stable thereafter. M � month; pre � preoperative; Y � year.
Figure 7. Changes in corneal endothelial cell counts, which showed no
statistical decrease until 4 years after surgery but were significantly de-
creased at the 5-year evaluation (P � 0.006). M � month; pre �

preoperative examination; Y � year.
Figure 8. Patient satisfaction. Approximately 90% of patients answered
that they were satisfied or very satisfied with the outcome of their surgery
6.e2
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