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INTRODUCTION

Laser-assisted in situ keratomileusis (LASIK) is a pop-
ular surgical procedure for correction of myopia, with
more than 1 million patients undergoing this procedure
in the United States each year (1, 2). The visual outcome
of this surgery is excellent, with more than 90% of pa-

tients achieving 20/25 or better visual acuity without
glasses (3, 4). 

LASIK is considered a safe and effective procedure to
correct low to moderately high (up to 10 diopters) myopia.
Refractive stability is generally achieved 1 to 3 months af-
ter LASIK. 

Recent studies highlight that LASIK can cause sus-
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PURPOSE. Patients frequently experience dry eye symptoms after laser-assisted in situ ker-
atomileusis (LASIK). The purpose of this study was to determine the incidence and risk fac-
tors of dry eye after myopic LASIK.
METHODS. In this retrospective case series 190 eyes that underwent LASIK were examined
for a dry eye syndrome. All patents were asymptomatic for dry eyes before surgery. As-
sessments included subjective complaints of dry eye, tear break-up time (TBUT), corneal
staining, corneal sensitivity test, and Schirmer I test. All values were compared before and
at 1 week and 1.3 and 6 months after surgery.
RESULTS. For the 190 eyes, chronic dry eye persisting 6 months or more after LASIK was di-
agnosed in 20 percent of the eyes. Mean patient age was 31 ± 8 years. The risk for chron-
ic dry eye was significantly associated with higher attempted refractive correction, greater
ablation depth, and female sex (p=0.001). Subjective score for dryness was increased af-
ter LASIK. The greatest change from preoperative levels for all parameters was noted at 1
week. There were obvious decreases in TBUT and Schirmer value at 1, 3, and 6 months
postoperatively relative to preoperative level (p<0.05). The Schirmer I test result was high-
er at 1 day but without statistical significance (p>0.05), but lower at 1 week and 3 and 6
months (p<0.05) after LASIK. Corneal sensitivity was decreased at 1 month and 3 months,
and returned to the preoperative level at 6 months after LASIK. There was a statistically
significant effect of age, sex, and mean spherical equivalent refraction on corneal sensi-
tivity (p<0.001).
CONCLUSIONS. Patients undergoing LASIK for myopia develop dry eye with compromised tear
function at least 6 months after surgery. Women and patients requiring higher refractive
correction have an increased risk for developing dry eye. (Eur J Ophthalmol 2007; 17: 1-6)
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tained dysfunction of the integrated ocular surface in
lacrimal gland functional unit, resulting in chronic dry eye.

In a 2001 survey of members of the American Society of
Cataract and Refractive Surgeons, the most common
complication of LASIK was dry eye (5, 6).

Dry eye is considered by refractive surgeons to be
among the most common complications of LASIK surgery
(7). Cutting a LASIK flap and performing a stromal abla-
tion disrupts the corneal innervations and produces a rel-
ative loss of corneal sensation for up to 6 months after
surgery (8-10). This loss of corneal sensation appears to
be a significant contributing factor to the reduction in tear
secretion, tear film stability, tear clearance, blink rate, and
conjunctival goblet cell density, and the increase in tear
osmolarity and punctate epitheliopathy of the post LASIK
eye (11, 12).

In patients with dry eye before LASIK, in long-term con-
tact lenses wearers, and in those having deeper surgical
ablations and superior hinged flaps, the return of corneal
sensation to levels observed before surgery appears to
take longer than 6 months and is associated with more
persistent dry eye signs and symptoms (13-15). 

Recent studies have suggested that dry eye is more
prevalent in Asian populations than in white patients (16).
Several studies report an association between refractive
regression and dry eye symptoms (17).

The purpose of our study was to investigate the inci-
dence of dry eye in patients undergoing myopic LASIK. A
secondary objective of this study was to determine the
significant risk factors for developing dry eye in these pa-
tients.

METHODS

The study was a retrospective analysis of 190 eyes that
had LASIK for correction of low to moderate myopia at
the Excimer Laser Center, Yazd, Iran, between September
2002 and December 2005.

Eligibility criteria included myopia in the range of –2.00
to 10.00 diopters (D), no immune or metabolic disease, no
intraocular disease or previous ocular surgery, not preg-
nant or lactating, stable refraction for at least 12 months
prior to LASIK, and no signs or symptoms of dry eye. 

All LASIK was performed by one surgeon (S.M.R.) with
Bausch and Lomb Excimer Laser (Technolos). An 8.5 or
9.5 mm diameter suction ring and a 160 mm microker-
atome head were used for all patients. An optical zone of

5.5 to 6.5 mm and a transition zone of 7.5 mm was used.
After surgery all eyes received chloramphenicol 0.5% and
betamethasone 0.1% four times daily for 1 week, then ta-
pering over 1 month. 

Assessments

The following assessments were performed in each pa-
tient at the 2-week and 1-, 3-, and 6-month follow-up visits. 
1. Tear film break up time (TBUT), a parameter of tear film

stability, was measured by fluorescein dye under slit-
lamp microscopy. 

2. Schirmer I test, a measure of reflex tear secretion, was
performed without anesthesia. This test was performed
by placing Schirmer strips over the lower lid margin;
the strip wetting was measured and recorded in mil-
limeters. 

3. Corneal fluorescein staining evaluation on a scale of 0
to 5 was performed as recommended by Lemp (18). 

4. Central corneal sensation was examined.
5. Dry eye symptoms patients were classified as having

dry eye disease if they reported experiencing one or
more of the primary symptoms (soreness, scratchiness,
dryness, grittiness, burning) often or constantly, the
TBUT value was less than 10 seconds, and they had a
fluorescein corneal staining score of greater than 3/5,
and in Schirmer test I there is less than 10 mm wetting
of filter paper for a period of 6 months or more after
surgery. 
The 6-month cut-off point was chosen because at 6

months, the majority of studies indicate that dry eye
symptoms, tear film stability, ocular surface staining, tear,
volume tear secretion, and corneal sensation have re-
turned to preoperative levels.

The primary outcome evaluated was the incidence of
dry eye defined as a corneal fluorescein staining score ≥3
at any postoperative evaluation time. Visual acuity was al-
so evaluated.

Statistical analysis

Parametric tests were used to analyze refractive data.
Other ocular variables were analyzed using nonparametric
tests because of the non-normal distribution of the data.
Comparisons between groups and between variables
were made using the Pearson chi square test for categori-
cal data and the analysis of variance for continuous data.
Differences were considered significant when p<0.05.
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RESULTS

All 190 patients who completed the 6-month follow-up
were included in this analysis. Mean patient age was
31±8 years (range 20–49 years).

Sixty percent (114/190) of patients were female. The
mean spherical equivalent refraction was –6.50±2.6 D.
Mean ablation depths for all patients was 68±25 µm (mini-
mum 18; maximum 172). Following surgery 20% (38/190)
of patients were affected by chronic dry eye. Of these pa-
tients 25 (63.7%) were women (Tab. I).

The greatest change from preoperative levels for all pa-
rameters was noted at 1 week. Prevalence of dry eye
symptoms was significantly increased at months 1, 3, and
6 after surgery compared to preoperative value. 

There were obvious decreases in BUT at 1 week, 1, 3,
and 6 months postoperatively relative to the preoperative
level (p<0.05).

Tear film stability and volume were significantly reduced
at all times after surgery.

Compared with non dry eye patients, tear secretion was
significantly reduced at 1, 3, and 6 months after LASIK in
dry eye patients (Tab. II).

The Schirmer I test result was higher at 1 day but with-
out statistical significance (p>0.05), but lower at 1 week
and 3 months (p<0.05) after LASIK. 

Basic secretion value (8.41±7.21) decreased at 1 month

(6.70±3.44 mm; p=0.05) and at 3 months (544±632;
p=0.07). 

Ocular surface fluorescein staining was greater in post
LASIK dry eye patients. Corneal sensitivity was signifi-
cantly decreased immediately after surgery and returned
to preoperative levels by 6 months (p<0.0001). There was
a statistically significant effect of age, sex, and mean
spherical equivalent refraction on corneal sensitivity
(p<0.0001).

Risk factors for dry eye 

Patients developing dry eye after LASIK were signifi-
cantly more likely to be female, and older in comparison
with non dry eye patients. The dry eye group had a signifi-
cantly higher attempted refractive correction and a
greater ablation depth. 

DISCUSSION

Dry eye syndrome is the most frequent complication af-
ter LASIK. It is usually benign, but may cause significant
visual impairment in rare cases (19). Dry eye may result in
decreased optical quality of the cornea, but is transient,
lasting up to 1 year (20, 21). The cause mainly involves
decreased corneal sensation, resulting in decreased feed-
back to the lacrimal gland and reduced tear production

TABLE I - CHARACTERISTICS OF PATIENTS WITH AND WITHOUT DRY EYE BEFORE AND AFTER LASIK SURGERY

Preoperative Dry eye (n=38, 20%) No dry eye (n=152, 80%) p value

Mean age, y, ± SD 35.19±8 31.22±6 <0.001
Female, n (%) 114 (60) 76 (40) 0.34
Preop spherical equivalent, mean ± SD –6.50±1.71 –5.4±2.31 0.01
Ablation depth, mean ± SD 79±22 72±18 0.04

LASIK = Laser-assisted in situ keratomileusis

TABLE II - COMPARISON OF OCULAR SURFACE VARIABLES AND TEAR FILM IN PATIENTS WITH AND WITHOUT DRY EYE

Variable Dry eye (n=38) No dry eye (n=152) p value

TBUT 4.0±3 9±4 0.02
Schirmer I test (mm) 14±8.76 22.35±11.56 0.002
Corneal fluorescein staining score 1.85±0.50 0.5±0.3 NS
Corneal sensitivity 6.3±1.2 9.1±1.1 NS

Values are mean ± SD.

TBUT = Tear break-up time; NS = Not significant at the 5% level

Shoja:Shoja  30-01-2007  16:32  Pagina 3



Dry eye post LASIK

4

(19-21). Other causes may include increased evaporation,
inflammation, or toxicity of medications (20, 22). 

Dry eye may result infrequently in impaired wound heal-
ing and decreased optical quality of the cornea, but it is
transient, lasting from a few weeks up to 1 year.

The greatest changes in mean tear film stability and
corneal fluorescein staining were observed at 1 week after
surgery (23).

To our knowledge, this is the first study that evaluates
the complication of dry eye after LASIK in this center.

The unique aspect of this study was to determine the
incidence of dry eye over the 6-month postoperative ob-
servation. This study shows that dry eye after LASIK is
more severe and sustained in our country as Asian, com-
pared to white patients (16). 

In our study chronic dry eye persisting 6 months or
more after LASIK was diagnosed in 20%, in agreement
with the Albietz et al (16) study in Asian patients and in
contrast with previous studies (24, 25) with rates of 6%
and 8.5% respectively. This higher likelihood of chronic
post-LASIK dry eye in Asian groups (Iran) is due to more
females, more contact lens wears, and lower preoperative
tear volume in this group compared to white patients. All
of these factors result in delayed recovery of corneal sen-
sation to preoperative levels (9, 10, 26). 

As in our study, previous findings demonstrated deeper
stromal ablation result in a slower return of corneal sensa-
tion to levels observed before surgery (7, 8, 26).

The increased risk of dry eye accompanying increased
ablation depth and flap thickness could certainly be ex-
plained by the effects of these factors on the corneal sen-
sory nerves. 

Other risk factors for dry eye were the preoperative level
of myopia and sex. Smith’s study (27) found no sex-relat-
ed differences in development of dry eye after LASIK, in
contrast with our study. The increased risk of dry eye ac-
companying ablation depth may be because the effects
of dry eye symptoms and diagnosed dry eye in the gener-
al population appears to be greater in Asian countries
than in other countries. Dry eye prevalence in Japanese
patients presenting to an ophthalmology clinic was 17%
(28); Australian and Danish studies gave dry eye preva-
lence of 11% and 8%, respectively (29, 30). 

The prevalence of dry eye symptoms occurring often or
constantly was 34% in 1361 elderly Taiwanese residents
(31) and 15% in 2420 elderly US residents (32).

Our findings suggest that LASIK carriers a considerable
risk for developing dry eye that may persist in one-quarter

of patients to at least 6 months after surgery.
Based on current evidence, LASIK should be ap-

proached cautiously in patients with pre-exiting dry eye
and associated contact lens intolerance. Patients with
chronic dry eye symptoms after surgery also have less
satisfaction with LASIK (33).

Recently, a significant correlation between female sex
and the occurrence of corneal punctuate epitheliopathy
after LASIK was reported (Mayo GL, Strack T. LASIK-in-
duced neurotrophic keratopathy (LINK): incidence and as-
sociated risk factors. Presented as a poster at the annual
meeting of the Association for Research in Vision and
Ophthalmology; Ft. Lauderdale, Florida; May 2002). These
results highlight the strong influence of hormone levels on
the ocular surface/lacrimal gland function unit (26). 

Consistent with our results, other studies show that a
delay in the return of corneal sensation to the level
achieved before surgery can be associated with dry eye
before LASIK, high refraction correction, and deeper ab-
lation (34, 35). The return of corneal sensation to levels
observed before surgery appears to take up to 12
months.

Further clinical studies will be required to identify strate-
gies for preventing or minimizing the severity and duration
of the post-LASIK loss of corneal sensation. 

While dry eye is now recognized as a common compli-
cation of LASIK, chronic dry eye after LASIK for myopia
increases the risk for refractive regression (36, 37). Inten-
sive ocular surface management may be the preferred ini-
tial management strategy in eyes with chronic dry eye and
regression. Our study found an increase incidence of dry
eye in women. Several studies have reported no gender
relative reference (38-40).

The major limitation of our study was small sample size.

CONCLUSIONS

Dry eye occurs commonly after LASIK surgery in pa-
tients with no history of dry eye. The risk of developing
dry eye is correlated with the degree of preoperative my-
opia and the depth of laser treatment. Patients should be
counseled about the risk of developing dry eye after
LASIK, particularly those with high myopia. Use of artifi-
cial tears in the early postoperative period may help to
prevent symptoms and ocular surface damage.

Proprietary interest: None.
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