
o
k

0
a

t
w
a
1
r

e

7

Effect of Timolol on Refractive Outcomes in Eyes With
Myopic Regression After Laser In Situ Keratomileusis: A

Prospective Randomized Clinical Trial
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● PURPOSE: To compare the effects of timolol on refractive
utcomes in eyes with myopic regression after laser in situ
eratomileusis (LASIK) with a control-matched group.

● DESIGN: Prospective, randomized, parallel-controlled,
double-masked clinical trial. A computer-generated ran-
domization list based on random block permutation
(length 4 to 8) was used for treatment allocation.
● METHODS: SETTING: Basir Eye Center, Tehran, Iran.
PATIENT POPULATION: Of 124 eyes with myopic regression
after LASIK using Technolas 217-Z, 45 eyes in each
group were analyzed. INTERVENTION: Patients were ran-
domly assigned into either Group 1, who received timolol
0.5% eye drops, or Group 2, who received artificial tears
for 6 months. MAIN OUTCOME MEASURE: Spherical equiv-
alent (SE) at 6 months posttreatment.
● RESULTS: In Group 1, SE improved from �1.48 �
.99 diopter (D) before treatment to �0.88 � 0.91 D
nd �0.86 � 0.93 D 6 months after treatment and 6

months after timolol discontinuation, respectively (P <
.001). In Group 2, it was �1.57 � 0.67 D, �1.83 �
0.76 D, and �1.91 � 0.70 D, respectively (P < .001).
SE was significantly better in Group 1 6 months after
treatment and 6 months after discontinuation of treat-
ment (P < .001 for both comparisons). There was a 0.26
D decrease in SE improvement every 4 months after the
surgery in the Group 1 (P < .001).
● CONCLUSIONS: Timolol application is effective for the
reatment of myopic regression after LASIK compared
ith control group. Its effects last for at least 6 months

fter its discontinuation. (Am J Ophthalmol 2012;
54:790–798. © 2012 by Elsevier Inc. All rights
eserved.)

D ESPITE THE IMPROVEMENTS IN THE NOMOGRAMS,

ablation parameters, and advances in excimer
laser technology, up to 28% of refractive surgery

patients still continue to experience myopic regression.1–4
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In previous studies, “regression” was defined as a 0.25
diopter (D) or greater myopic shift occurring between
follow-up visits.1,2,5,6 The main possible explanations for
regression are focused on the increases in corneal thickness
and the postoperative forward shift of the cornea.2,7–10

In the forward shift theory, thinner cornea, higher
intraocular pressure, and higher myopia requiring greater
laser ablation have been reported to increase the risk of
myopic regression.7,9–15 It has been suggested that intra-
cular pressure (IOP)-lowering agents can decrease or even
mprove myopic regression after laser in situ keratomileusis
LASIK).11,12,16 However, in previous studies, the findings
ere not compared with a control-matched group. More-
ver, it is still not clear what happens to the refractive
rror when the drops are stopped and whether the refrac-
ive error returns to the baseline after the discontinuation
f medication. In this prospective, randomized, double-
asked, parallel-group, placebo-controlled clinical trial,
e compare the effects of timolol vs placebo for the

reatment of myopic regression after LASIK; and after-
ards, we evaluate what may come about 6 months after

he discontinuation of treatment.

MATERIALS AND METHODS

● STUDY DESIGN AND SETTING: This prospective, ran-
domized, placebo-controlled, parallel-group, double-masked clin-
ical trial was performed at Basir Eye Center between March 2009
and January 2011.

● PARTICIPANTS: In this study, patients with myopic
regression who were at least 20 years old with the cylinder
��1.00 D, preoperative corneal thickness of at least 500
�m, and a postoperative residual stromal bed thickness of
more than 250 �m were included. Myopia regression was
defined as a 0.25 D or greater myopic shift between the
follow-up visits after month 1 postoperatively. Undercor-
rection is defined as failure to achieve within 1.00 D or
greater of the intended correction by 1 week postopera-
tively; patients meeting this criterion were excluded from
the study. Patients with a history of refractive surgery
retreatment, previous ocular surgery other than previous

LASIK, keratoconus or any ectatic corneal disorder, kera-
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toconus suspect by topography, preoperative corneal opac-
ity, any corneal dystrophies, presence of pterygium, retinal
disorders, collagen vascular disorders, diabetes mellitus,
glaucoma, cataract, pregnancy, breastfeeding, and systemic
corticosteroid therapy were excluded. In order to obviate
inter-eye correlation, only 1 eye of a patient was included,
in the case that both eyes of a patient had myopic
regression.

● SURGICAL TECHNIQUE: All patients underwent LASIK
using Technolas 217-Z (Bausch and Lomb, Rochester, New
York, USA) using the standard method. Lamellar kera-
totomy had been performed using the M2 microkera-
tome (Moria, Antony, France) to create an intended
160-�m flap thickness with a superior hinge. The
optical zone was 5.5 to 6.0 mm based on the corneal
thickness and curvature. In all eyes, attempted correc-
tion was aimed at emmetropia. All surgical procedures
were performed by 1 of the authors (A.S.). Patients were
examined on postoperative days 1, 3, 7, 14, and 28, and
then on a monthly basis for a year, and once every 3
months thereafter until 2 years.

● INTERVENTION: Patients were randomly assigned into
groups. Group 1 included the patients with myopic

egression who received timolol 0.5% eye drops twice a day
or 6 months; Group 2 included matched controls who
eceived artificial tears in the same manner as did Group 1.

● OUTCOME MEASURES: The main outcome measure was
the mean spherical equivalent (SE) 6 months after treat-
ment. Secondary outcome measures were the change in
visual acuity and the central corneal thickness (CCT) 6
months after treatment.

● FOLLOW-UP EXAMINATIONSS: Included patients had a
omplete eye examination including refraction, uncor-
ected distance visual acuity (UDVA), corrected distance
isual acuity (CDVA), slit-lamp biomicroscopy, IOP mea-
urement, corneal pachymetry (UP-800 ultrasound-4,
IDEK Inc, Gamagori, Japan), and dilated funduscopy in

ifferent follow-up visits. It has been shown that LASIK
or myopia produces underestimation of IOP measured by
oldmann applanation tonometry.17 PASCAL dynamic

contour tonometer (Ziemer Ophthalmic Systems AG,
Port, Switzerland) was used for IOP measurement to
obviate the effect of corneal morphologic changes after
refractive surgery.18–20 Follow-up visits were scheduled for
3 and 6 months after the treatment. Patients were called
for another follow-up visit 6 months after discontinuation
of the treatment. Follow-up examinations consisted of
slit-lamp microscopy, refraction, UDVA, CDVA, IOP
measurement, corneal pachymetry, and dilated fundus-
copy. All measurements were carried out by 1 optometrist,
who was masked to the randomization list, with the same

devices throughout the study. u

EFFECT OF TIMOLOL ONVOL. 154, NO. 5
● RANDOMIZATION: Randomization was performed us-
ing the random block permutation method according to a
computer-generated randomization list. The block length
varied randomly (4 to 6). Random allocation sequence was
performed by a biostatistician. The investigators in the
study were not informed of the details of the series.

● MASKING: Labels of both medication bottles were de-
signed similarly with the same color and shape for masking.
A number and a letter indicating in which eye the drop
should be administered were stated on the labels. All
bottles were prepared and dispensed by a drug store near
the clinic based on an instruction given to them by 1 of the
authors (Y.V.), who had access to the randomization list
and was also responsible for data entry. All eligible patients
were referred to the assigned drug store with a letter in
hand showing that they were included in this study and in
which eye the drop should be administered. The pharma-
cist gave them appropriate bottles according to the instruc-
tion and randomization list.

● SAMPLE SIZE: To have a 90% power for detection of 0.5
difference in the mean SE between the groups as

ignificant (at the 2-sided 5% level) with an assumed
tandard deviation of 0.48, considering 20% loss to follow-

FIGURE 1. Flow diagram shows progression of patients with
myopic regression after laser in situ keratomileusis (LASIK)
through trial at 6 months after the treatment and at 6 months
after discontinuation of the treatment.
p, 51 eyes for each group were required.

MYOPIC REGRESSION 791
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● STATISTICAL METHODS: Data were analyzed using
PSS version 17 statistical software (SPSS Inc, Chicago,
llinois, USA). In order to test the normality of the data,
e used the Kolmogorov-Smirnov test. To compare the
alues within groups in different times, we used repeated-
easures analysis of variance (ANOVA) test. We used
onferroni method to adjust multiple comparisons. To
ompare the results between 2 groups, we used indepen-

FIGURE 2. Box plot shows there are fairly even distribution of
eyes with myopic regression after laser in situ keratomileusis
(LASIK) between 2 cohort groups stratified by the degree of
spherical equivalent before the initial LASIK (P � .818, �2

test).

TABLE 1. Demographic Baseline Character
Myopic Regression After Laser In Si

Baseline Variable Timolol

Age (year) 33.31 � 10.90 (20.00 to

Male/female 9/36

Regression (diopter) �1.48 � 1.00 (�4.75 to �

CCT (�m) 464.89 � 45.34 (391.00 to

IOP (mm-Hg) 12.73 � 1.43 (9.00 to 15

UDVA (logMAR) �0.29 � 0.22 (�0.70 to 0

CDVA (logMAR) �0.05 � 0.06 (�0.30 to 0

CCT � central corneal thickness; CDVA �

pressure; logMAR � logarithm of the minimal ang

acuity.
aMann-Whitney test.
b�2 test.
cIndependent-samples t test.
ent-samples t test or Mann-Whitney U test based on D

AMERICAN JOURNAL OF792
ormality test results. To obviate the effect of preoperative
efraction, attempted correction, degree of myopic regres-
ion after LASIK, and the time interval between LASIK
nd myopic regression as well as their 2 � 2 interactions

(effect modification) on the SE and UDVA in each
follow-up, we used analysis of covariance. We used repeated-
measures ANOVA to evaluate any interaction between 2
groups in terms of trend of changes. To evaluate the
influence of preoperative degree of myopia, all eyes
were stratified into 3 groups: “low myopia,” with preoper-
ative SE below �6.0 D; “moderate myopia,” with preop-
erative SE from �6.0 D to less than �10 D; and “high
myopia,” with preoperative SE greater than or equal to
�10 D. P value less than .05 was considered significant.

RESULTS

IN THIS TRIAL, 124 EYES OF 124 PATIENTS WERE ENROLLED

and assessed for eligibility. Of them, 22 eyes did not meet
inclusion criteria and were excluded from the study. A
total of 102 eyes were randomly assigned into either Group
1 (51 eyes) or Group 2 (51 eyes). Of them, 49 eyes
(96.07%) and 48 eyes (94.11%) in Group 1 and 50 eyes
(98.03%) and 47 eyes (92.15%) in Group 2 attended
follow-up visits 3 and 6 months after surgery, respectively.
Finally, 45 eyes (88.23%) in Group 1 and 45 eyes
(88.23%) in Group 2 attended the last follow-up and were
ultimately analyzed (Figure 1). Both groups were matched
in terms of baseline characteristics (Table 1).

Mean time interval between surgery and inclusion into
study was 5.03 � 3.46 months (1�15 months). The SE
was �8.10 � 3.41 D (�14.00 to �2.75 D) in Group 1 and

8.20 � 3.25 D (�14.50 to �2.88 D) in Group 2 before
ASIK (P � .89, independent samples t test) (Figure 2 and
able 2). Mean myopic regression (SE) was �1.48 � 0.99

(Mean � SD [Range]) of the Patients With
ratomileusis in 2 Treatment Groups

Placebo P Value

) 32.42 � 8.57 (21.00 to 58.00) .692a

15/30 .153b

) �1.57 � 0.67 (�3.00 to �0.50) .610c

00) 466.84 � 34.59 (410.00 to 533.00) .819c

12.38 � 1.65 (10.00 to 15.00) .279c

�0.28 � 0.19 (�0.70 to �0.10) .883c

�0.06 � 0.08 (�0.30 to 0.08) .331a

cted distance visual acuity; IOP � intraocular

resolution; UDVA � uncorrected distance visual
istics
tu Ke

55.00

0.50

589.

.00)

.00)

.00)

corre

le of
(�4.75 to �0.50) and �1.57 � 0.67 D (�3.00 to
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�0.50) before initiation of the treatment in Groups 1 and
2, respectively (Table 1).

In Group 1, the IOP was significantly decreased to
9.69 � 1.83 mm Hg (7.00�16.00) and 9.33 � 1.59 mm

g (7.00�15.00) 3 and 6 months after timolol application
P � .001 for both values). It increased to 12.66 � 1.39
m Hg (8.00�15.00) 6 months after discontinuation of

he timolol, which was not significantly different from its
alue before treatment (P � .999). In Group 2, it was
2.38 � 1.65 mm Hg (10.00�15.00) before treatment,

which did not change significantly throughout the fol-
low-up visits (P � .999 for all follow-up visits).

In Group 1, SE improved 3 and 6 months after initiation
of timolol compared with the placebo group (Table 3). Six
months after the discontinuation of timolol, SE remained
stable and was significantly better than its value before the
treatment (Figure 3). In Group 2, the mean SE signifi-
cantly shifted toward myopia even 12 months after begin-
ning of the placebo (Table 3). After the stratification of

TABLE 2. Comparison of Spherical Equivalent in Patients
Treatment Groups Stratified by the Degree of M

Preoperative Stratification

Treatment

Group N

Postoperat

Mean

Low myopia (SE ��6 D) Timolol 16 �.85

Placebo 12 �.88

Moderate myopia (SE �6

D to �10 D)

Timolol 16 �1.19

Placebo 19 �1.49

High myopia (SE ��10 D) Timolol 13 �2.61

Placebo 14 �2.28

CI � confidence interval; D � diopter; N � number of cases; SE
aMann-Whitney U.

TABLE 3. Comparison of Spherical Equivalent Refraction in P
in 2 Treatment Groups

Time (mo)

Treatment

Group

Spherical

Equivalent

(Diopter) Mean

Before treatment Timolol �1.48 � 0.99 �0.91

Placebo 1.57 � 0.67

3 Timolol �1.12 � 0.99 �0.51

Placebo �1.63 � 0.61

6 Timolol �0.88 � 0.91 �0.94

Placebo �1.83 � 0.76

12 Timolol �0.86 � 0.93 �1.05

Placebo �1.91 � 0.70

aIndependent-samples t test.
bAnalysis of covariance.
cRepeated measures with Bonferroni correction (comparing with
cases based on the preoperative degree of myopia (SE),

EFFECT OF TIMOLOL ONVOL. 154, NO. 5
there was a statistically significant difference between
Groups 1 and 2 in low and moderate myopia in different
follow-up visits. This difference, however, was not noticed
in the high myopia group (Table 4). This observation
should be cautiously interpreted since there is a lower
sample size in the high myopia group than in other groups
with a borderline P value. After the adjustment of the
effects of preoperative refraction, attempted correction,
degree of myopic regression after LASIK, and the time
interval between LASIK and myopic regression as well as
their 2 � 2 interactions (effect modification) on the
comparison between 2 cohort groups, the effects of treat-
ment were still statistically significant (Table 3). The
mean difference of SE at month 6 after treatment with the
baseline was 0.59 � 0.38 D (�0.13 to 1.75) in Group 1,

hich shows significant improvement compared with
0.25 � 0.38 D (�1.00 to 0.38) in Group 2 (95%

onfidence interval [CI]: �0.85 [�1.01 to �0.69], P �

Myopic Regression After Laser In Situ Keratomileusis in 2
a Before the Initial Laser In Situ Keratomileusis

opic Regression (SE; Diopter)

95% CI for Difference P ValueaMinimum Maximum

�1.75 �.50 �0.03 (�0.31 to 0.24) .80

�1.25 �.50

�2.75 �.50 �0.29 (�0.66 to 0.06) .10

�2.50 �.63

�4.75 �1.25 0.33 (�0.27 to 0.95) .26

�3.00 �1.25

herical equivalent.

ts With Myopic Regression After Laser In Situ Keratomileusis
ferent Follow-up Visits

nce

P Valuea

(Intergroup

Comparison)

Adjusted P Valueb

(Intergroup

Comparison)

P Valuec

(Intragroup

Comparison)

% Confidence

Interval

er Upper

4 2.26 .61 — —

—

6 �0.16 .004 .012 �.001

�.999

9 �0.59 �.001 .001 �.001

�.001

�0.7 �.001 �.001 �.001

�.001

e-treatment value in respective group and follow-up visit).
With
yopi

ive My

SD

.43

.26

.57

.45

.96

.44

� sp
atien
in Dif

Differe

95

Low

�0.4

�0.8

�1.2

�1.4
.001). Evaluation of the interaction between the time and
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the use of medication showed that there was a statistically
significant different trend between 2 groups in terms of SE
at months 3 and 6 (adjusted P � .001) (Figure 3).
mprovement of SE in Group 1 was significantly negatively
orrelated to the interval between the surgery and the time
hen patients started to use medication (P � .001; r �
0.6). This correlation was not observed in the control

roup (P � .47). Using repeated-measures ANOVA, the
relation between the amount of SE improvement in
different follow-up visits and the time interval between
surgery and treatment was evaluated. Interaction between
these 2 showed there was a statistically significant differ-
ence in the trend of SE in those patients who had an
earlier regression who also had been given timolol earlier
than those who had a later regression in Group 1 (P for
interaction � .001). There was a 0.26 D decrease in SE
mprovement every 4 months after surgery in Group 1
P � .001; 95% CI: 0.14 to 0.38).

UDVA improved from �0.29 � 0.22 logMAR before
reatment to �0.23 � 0.21 logMAR (P � .14) 3 months

and �0.18 � 0.17 logMAR (P � .001) 6 months after the
treatment. It remained stable (�0.18 � 0.17 logMAR)
until 6 months after discontinuation of the timolol com-
pared with its value at month 6 (P � .999) (Table 5). In

FIGURE 3. Graph demonstrates the mean spherical equivalent
(SE) refraction in patients with myopic regression after laser in
situ keratomileusis (LASIK) in 2 treatment groups in different
follow-up visits. SE improved in patients who received timolol
compared to artificial tears 6 months after treatment (P < .001;
ndependent samples t test). This effect lasted for 6 months
fter discontinuation of the treatment (P < .001; independent
amples t test). Bar represents 95% confidence interval.
Group 2, these values were �0.32 � 0.21, 0.33 � 0.19 m

AMERICAN JOURNAL OF794
P � .999), �0.39 � 0.18 (P � .03), and �0.44 � 0.23
P � .01) logMAR before treatment, 3 and 6 months after
lacebo use, and 6 months after its discontinuation.
ompared with baseline value, there was a mean of �0.08 �
.16 logMAR (�0.48 to �0.40) improvement in UDVA in
roup 1, whereas it deteriorated with a mean of �0.10 �

.14 logMAR (�0.60 to �0.30) in Group 2 (P � .001) at the
nal follow-up (Figure 4).

CDVA improved from �0.05 � 0.06 logMAR before
reatment to �0.043 � 0.05 (P � .56), �0.041 � 0.06
P � .66), and �0.043 � 0.05 logMAR (P � .98) 3, 6, and
2 months after treatment in Group 1. In Group 2, it was
0.06 � 0.08 logMAR (P � .999), �0.08 � 0.08

ogMAR (P � .14), and �0.08 � 0.08 logMAR (P � .03),
espectively. CDVA was significantly better in Group 1 at
onth 6 (P � .009, based on Mann-Whitney test) and 12

P � .004, based on Mann-Whitney test) posttreatment
ompared with Group 2. In Group 1, CCT was 464.89 �
5.34 �m before treatment, which was not different from
roup 2 (466.84 � 34.59 �m; P � .143). At the final

ollow-up, it was 462.44 � 43.77 �m and 465.48 � 33.51 �m
n Group 1 and Group 2, respectively (P � .999, based on
ndependent samples t test). No complications were observed.

DISCUSSION

IN THIS PROSPECTIVE, RANDOMIZED, PLACEBO-CON-

trolled, parallel-group, double-masked clinical trial, SE,
UDVA, and CDVA improved in patients with myopic
regression after timolol application compared with the
control group and improvement lasted for at least 6
months after timolol was stopped. There was a significant
relation between the amount of SE improvement and the
time interval between surgery and treatment. There was
also a significant relation in response to the treatment of
those patients whose regression started earlier and so who
had an earlier start to their treatment in Group 1.

Many factors have been reported to be associated with
myopic regression after LASIK, including preoperative
refraction,1,2,21–25 preoperative keratometry,1,2,21,23,26 cor-
neal thickness,2,10,25 flap thickness,27,28 ablation depth,21

optical zone size,1,23,29 chronic dry eye,30 age,1,22 sur-
eon,22 IOP,21,23 postoperative undercorrection,1 and hu-

midity.21 Other factors, such as epithelial hyperplasia,
development of new stromal collagen, and nuclear sclerosis
of the lens, have also been suggested.31–36

In our study, SE improved in Group 1 6 months after
IOP-lowering agent application compared with placebo
group (0.6 D improvement in Group 1 vs 0.26 D deterio-
ration in Group 2 at month 6). It has been shown that
forward shift of the cornea can be one of the factors
responsible for regression after refractive surgery.8,10–14,37

Kamiya and associates12 conducted a study to assess the
ffects of nipradilol, an IOP-lowering agent, in eyes with

yopic regression after LASIK. This preliminary study

OPHTHALMOLOGY NOVEMBER 2012
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without control group showed nipradilol was effective for
the reduction of the refractive regression. They finally
suggested that backward movement of the cornea may be
responsible for myopic regression after LASIK.12 It was
suggested that the greater forward shift of the cornea

TABLE 4. Comparison of Spherical Equivalent Refraction (Me
Keratomileusis in 2 Treatment Groups Stratified by the Deg

Different F

Preoperative Stratification

Time After

Treatment (mo)

Treatme

Group

Low myopia (SE ��6 D) 3 Timolo

Placeb

6 Timolo

Placeb

12 Timolo

Placeb

Moderate myopia (SE �6 D to �10 D) 3 Timolo

Placeb

6 Timolo

Placeb

12 Timolo

Placeb

High myopia (SE ��10 D) 3 Timolo

Placeb

6 Timolo

Placeb

12 Timolo

Placeb

D � diopter; N � number of cases; SE � spherical equivalent.
aIndependent-samples t test.

TABLE 5. Comparison of Uncorrected Distance Visual Acuity
Situ Keratomileusis in 2 Treatmen

Time (mo)

Treatment

Groups UDVA (logMAR)

Diffe

Mean L

Before treatment Timolol �0.29 � .22 0.009 �

Placebo �0.28 � 0.19

3 Timolol �0.25 � 0.20 �0.05 �

Placebo �0.31 � 0.19

6 Timolol �0.20 � 0.16 �0.16 �

Placebo �0.36 � 0.20

12 Timolol �0.21 � 0.19 �0.17 �

Placebo �0.38 � 0.22

logMAR � logarithm of the minimal angle of resolution; UDVA �
aIndependent-samples t test.
bAnalysis of covariance.
cRepeated measures with Bonferroni correction (comparing with
occurs in eyes with less corneal thickness, higher IOP, and t

EFFECT OF TIMOLOL ONVOL. 154, NO. 5
more laser ablation.9,12 There is a debate regarding the role
f CCT in myopic regression. In a study by Chayet and
ssociates,2 without the control of nonregressive eyes, a
rogressive increase in CCT was observed in the eyes with
efractive regression after LASIK. It has been suggested

SD) in Patients With Myopic Regression After Laser In Situ
of Myopia Before the Initial Laser In Situ Keratomileusis in
-up Visits

N SE (D)

Difference

P ValueaMean

95% Confidence

Interval

Lower Upper

16 �0.53 � 0.47 �0.48 �0.81 �0.14 .006

12 �1.02 � 0.38

16 �0.30 � 0.35 �0.79 �1.08 �0.51 �.001

12 �1.10 � 0.37

16 �0.28 � 0.36 �0.96 �1.29 �0.62 �.001

12 �1.25 � 0.46

16 �0.81 � 0.66 �0.83 �1.23 �0.42 �.001

19 �1.64 � 0.47

16 �0.55 � 0.50 �1.23 �1.63 �0.83 �.001

19 �1.78 � 0.66

16 �0.52 � 0.52 �1.37 �1.78 �0.97 �.001

19 �1.90 � 0.64

13 �2.22 � 0.95 0.06 �.55 0.68 .826

14 �2.15 � 0.48

13 �2.00 � 0.78 �0.49 �1.04 0.04 .069

14 �2.50 � 0.52

13 �1.98 � 0.87 �0.53 �1.09 0.02 .058

14 �2.51 � 0.37

an � SD) in Patients With Myopic Regression After Laser In
ups in Different Follow-up Visits

P Valuea (Intergroup

Comparison)

Adjusted P Valueb

(Intergroup

Comparison)

P Valuec

(Intragroup

Comparison)

onfidence

terval

Upper
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gradually lead to stromal thickening.10,17,36,38 Stromal
hickening after LASIK could be considered as a presen-
ation of the process of corneal repair following keratot-
my. In turn, some studies have attributed regression after
ASIK to epithelial hyperplasia and stromal remodel-

ng.39,40 Pan and associates10 compared regressive eyes
ith nonregressive eyes after LASIK and indicated that

efractive regression after LASIK might be mainly induced
y corneal protrusion rather than by central corneal
hickening. Although there was an improvement in refrac-
ion and visual acuity in Group 1 compared with the control
roup, we did not find any difference in terms of the CCT
etween 2 groups in different follow-up visits. These results
re consistent with Gullatrand’s principle that the change of
orneal thickness plays a subtle role in the total refraction of
n eye, even in corneal refraction.

It has been reported that the myopic regression after
ASIK starts within the first postoperative week, peaks
ithin 6 months, and may last even 1 to 2 years after

urgery.1,2,21,23,41–45 In our study, there was a significant
relation between the amount of SE improvement and the
time interval between surgery and the beginning of the
treatment. In other words, patients who developed myopic

FIGURE 4. Graph demonstrates the mean uncorrected dis-
tance visual acuity (logMAR) in patients with myopic regres-
sion after laser in situ keratomileusis (LASIK) in 2 treatment
groups in different follow-up visits. Uncorrected distance visual
acuity improved in patients who received timolol compared to
artificial tears 6 months after treatment (P < .001; indepen-
dent samples t test). This effect lasted for 6 months after
discontinuation of the treatment (P < .001; independent
samples t test). Bar represents 95% confidence interval.
regression closer to the time of surgery, whose treatment

AMERICAN JOURNAL OF796
had started earlier, had a better prognosis with this type of
treatment. This can be explained by the biomechanical
changes after refractive surgery. The biomechanical
strength of the cornea can be substantially weakened by
stromal tissue reduction during the early period after
LASIK. It has been shown that anterior corneal stroma has
the greatest cohesive tensile strength.17,46 This is because
he load-bearing function of the anterior stroma is disabled
fter keratotomy; only the weaker deep stroma is left to
aintain corneal integrity.47 This loss of load-bearing

tissue would compound any innate mechanical weakness of
the cornea, which is then exacerbated by LASIK.48 The
cornea begins to remodel stroma after LASIK and it takes
time to regain its stability.49 Given that the posterior
cornea is the first barrier to resist the IOP, anterior bowing
of the posterior cornea may be expected. The counteract-
ing corneal bowing factor might be caused by corneal
tensile strength, which would increase progressively by
mechanisms in which keratocytes or their derivatives
“sense” local changes in strain and then respond with an
appropriate (or, in the case of progressive regression,
inappropriate) series of actions for remodeling such areas
to reduce or redistribute the mechanical stimulus.17 When
he corneal biomechanical strength has sufficiently recov-
red to overcome the strength of IOP, the bowing of the
osterior cornea could stop or even reverse.8,50–53 This
ay explain why regressive eyes closer to the surgery are
ore responsive to an IOP-lowering agent. In our study,

here was a 0.26 D decrease in SE improvement every 4
onths from the time of the surgery.
In the study by Kamiya and associates12 the question of

what happens to the refractive error when the drops are
stopped54 remained to be clarified. Hiatt and associates11

continued to use topical application of IOP-lowering agent
for 7 months, but the recurrence occurred on topography
at 10 months after treatment. In contrast, in another study
corneal ectasia did not recur on topography after the
normalization of IOP during a 12-month follow-up.37 In
our study, however, we kept our patients under treatment
for only 6 months and were not successful in asking them
to continue the use of drops longer than that. It was both
time-consuming and difficult to explain to them the
advantages of such noninvasive treatment over a high-risk,
yet more effective, surgical enhancement. We called our
patients to come for another follow-up visits 6 months
after the discontinuation of the treatment. Interestingly, 6
months after the treatment, SE did not return to the
baseline and was still significantly better in comparison to
the control group. Whether this improvement is just for 6
months or it maintains for a longer period needs longer
follow-up.

We had some limitations in this study. Topical therapy
is not without potential side effects. Although we cannot
refute the possibility that the long-term use of any kinds of
eye drops may affect corneal epithelium or tear film

function, it was observed that timolol and artificial tears
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did not induce a significant change or complications in the
ocular surface of our patients. In addition, a study evalu-
ating the safety of this type of treatment seems mandatory.
Another clinical trial with control-matched postsurgical
patients without myopic regression and with the evalua-
tion of the keratometric changes as well as the posterior
corneal forward shift in 2 parallel groups can strengthen
our evidence regarding its etiology, and the safety and
efficacy of antiglaucoma therapy for patients with myopic

regression.

eyes and non-regressive eyes after LASIK for myopia in the

EFFECT OF TIMOLOL ONVOL. 154, NO. 5
Based on our results, timolol application is effective
for the correction of the refractive regression compared
with control group after LASIK. Its effects last for at
least 6 months after timolol discontinuation. Although
the refractive effect of this treatment is mild (mean
difference of 0.62 D at month 12), it should be tried
soon after the surgeon observes any signs of regression,
as patients who develop myopic regression closer to the
time of surgery are more responsive to this type of

treatment.
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