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“Miradas del Alma”

(“Gazes from the Soul”)
150�100 cm, watercolor

Lola Catalá Sanz

Lola Catalá Sanz is a senior artist with a long-standing, professional 
career. Following an extensive artistic education, she has experimented with 
different techniques, specifi cally watercolors and etching. Most of her art-
work has been produced using watercolors. She has received a number of 
national awards, and her work is included in several private collections and 
museums in Spain. 

In this symbolic painting, children are looking at a landscape full of wonders. 
They use devices, such as magnifying glasses and telescopes, to change their 
perception of the fantastic surroundings. The light enhances the environment 
and creates the enjoyment of sight. The naive souls of the children play with the 
light. In these magical surroundings, one child hides from the light, not seeing 
the wonders it provides, symbolizing blindness. The sight of the soul varies, as 
perspectives and understanding differ among human beings.
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I t is my pleasure to open the Optical Express 2008 
Annual Refractive Surgery Scientifi c Meeting. My 
goal in this introduction is to help those who are 
new to Optical Express understand what drives 

the company and what we plan to accomplish in the 
years ahead.

As the highest volume provider of refractive surgery 
in Europe, Optical Express is dedicated to improving 
patients’ vision and their quality of life. Toward this 
end, we pay meticulous attention to clinical detail, and 
we strive for excellence in both the visual outcomes 
and the service we provide our customers. We also 
continually analyze our clinical results and the feed-
back we receive from our patients to fi nd new ways of 
improving our performance.

In addition to spurring improvements within Optical 
Express, these analyses also allow us to contribute to 
the fi eld of refractive surgery. Our large volume of com-
puterized patient records—we now have data on hun-
dreds of thousands of procedures—provides an infor-
mation resource that can be mined to provide data on a 
wide range of issues that challenge the industry.

In the spirit of improving the quality of care for all 
patients, Optical Express made a commitment to share 
some of our recent fi ndings from this scientifi c meeting 
in this supplement to the Journal of Refractive Surgery.

ABOUT THE OPTICAL EXPRESS GROUP
For those not familiar with Optical Express, let me 

provide some background about the company. Founded 

in 1991, Optical Express started as a provider of spec-
tacles and contact lenses; we have since expanded into 
refractive surgery, dentistry, healthcare services, and 
cosmetic surgical and non-surgical treatments. Our en-
try into refractive surgery occurred in 2002 when we 
acquired seven laser centers in the United Kingdom, 
and we have continued to expand this aspect of our 
business over the ensuing years. The Table provides 
details about this growth and other milestones.  

Currently, we utilize 28 ophthalmologists, 248 optom-
etrists, and over 3000 support personnel at 213 locations 
throughout the United Kingdom, Ireland, Croatia, France, 
Germany, the Netherlands, and the United States. 

CORPORATE MISSION
At Optical Express, our mission is to grow and de-

velop our network of clinics globally and to provide 
science-based products and services that enhance 
people’s lives. To achieve this goal, Optical Express 
embraces eight core values: performance, integrity, 
transparency, consistency, diligence, adaptability, 
innovation, and respect.

In addition to these values, we place an emphasis on 
evidence-based medicine. By developing an electronic 
records system, we have created an infrastructure that 
allows us to collect massive amounts of data. To ensure 
accuracy, the data have been successfully audited by 
an independent clinical research organization (Regis-
trat Inc, Lexington, Ky). With careful analysis, we can 
then turn this data into useful, actionable information 
that can guide future clinical practice.

EUROPE’S LARGEST REFRACTIVE SURGERY 
PROVIDER

Optical Express has, in 6 years, grown to be the larg-
est refractive surgery provider in Europe. When Optical 
Express entered the refractive surgery business, we com-
mitted ourselves to long-term success. Supporting this 
commitment, we hire staff and physicians with extreme 
care, adhere to meticulously crafted protocols, and uti-
lize robust information technology resources and state-
of-the-art diagnostic and surgical technology. 
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Specifi cally, Optical Express has invested over £250 
million ($368 million) in our clinics and technology, 
allowing us to treat our patients with the VISX S4 IR 
excimer laser (Abbot Medical Optics [AMO], Santa Ana, 
Calif) and the IntraLase femtosecond laser (AMO) plat-
forms. In 2008 alone, Optical Express invested over £40 
million ($58 million) to open new clinics, acquire new 
diagnostic and treatment equipment, and upgrade our 
information technology and data transfer systems. We 
also invested over £2 million ($3 million) in education-
al initiatives such as training and development events.  

In addition to this fi nancial investment, Optical 
Express has also invested in clinical leadership by 
establishing an International Medical Advisory Board 
(IMAB)—a group of internationally known refractive 
surgeons who bring a wealth of expertise to Optical 
Express. Headed by Steven C. Schallhorn, MD, former 
Director of Refractive Surgery for the US Navy, the 
IMAB reviews and monitors clinical outcomes, pro-
vides insight into new opportunities and technology, 
and offers their experience to our clinicians at educa-
tional forums.

THRIVING IN A CHALLENGING ENVIRONMENT
Given the economic tumult of 2008, which will like-

ly extend through 2009 and perhaps beyond, there is no 

question that the current market is challenging. Indeed, I 
believe that 2008 will be remembered as one of the most 
signifi cant years in modern history—unfortunately, like 
1929, for reasons that are almost all negative.

In this economic climate, virtually no industry has 
escaped unscathed, and refractive surgery is no ex-
ception. In the United States, the largest laser vision 
correction market in the world, surgical volume is 
declining at an unprecedented rate. The three largest 
corporate providers in the United States were down 
more than 30% in 2008. Many independent ophthal-
mologists and regional groups in the United States are 
also reporting volume drops—in some cases up to 70% 
(Dave Harmon, personal communication, May 2009).

At Optical Express, however, the picture is dif-
ferent. In 2008, our refractive surgery business had 
solid, double-digit growth (Fig). Same-clinic growth 
has consistently been better than 20% year over year, 
and we have seen additional growth from new clinics 
and acquisitions. 

THE FUTURE OF OPTICAL EXPRESS
Although the world faces unprecedented uncertain-

ty due to continuing changes in the economy, environ-
ment, and global political landscape, I believe this is 
a time of tremendous opportunity. Our company has 
historically grown by capitalizing on unexpected pos-
sibilities—by swimming against the tide and making 
acquisitions when the market was weak.

Optical Express stands well positioned to experience 
major growth during the next 2 years. By remaining 
focused on our goals and striving to become better, more 
effi cient, and more productive, Optical Express remains 
dedicated to improving both the quality of our clinical 
outcomes and the quality of our patients’ experiences.

TABLE

Key Milestones in the Growth of 
Optical Express

Year Milestone

1991 First Optical Express store opened in Edinburgh, 
Scotland

1995 Acquisition of 11 optical stores in Scotland

1997 Entry into English market with acquisition of 
63 stores

2002 Entry into refractive surgery with acquisition of 7 laser 
vision correction (LVC) clinics in the United Kingdom

2004 Entry into the Dutch market with the acquisition of 
2 LVC clinics

2006 International Medical Advisory Board (IMAB) formed

2007 Entry into German and Croatian markets with acquisi-
tion of 10 LVC clinics

2008 Entry into the French market with acquisition of 
5 LVC clinics

2008 Entry into the US market with acquisition of 2 LVC 
clinics

2008 Formation of a Research and Development Center 
in California

Figure. Optical Express laser vision correction procedure volume growth 
relative to year 2002 (in multiples of 1).
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ABSTRACT

PURPOSE: To determine the safety and effi cacy of wave-
front-guided LASIK for the correction of low to moderate 
myopia, as performed by surgeons employed by Optical 
Express, a large corporate provider.

METHODS: Data were extracted from the Optical 
Express central database on 22,900 patients (42,143 
eyes) who underwent primary LASIK to treat low to mod-
erate myopia and/or astigmatism. All treatments used 
a wavefront-guided ablation profi le and had a refrac-
tive target of emmetropia. Outcomes were evaluated 
using 1-month follow-up data, which were available for 
32,569 eyes of 17,713 patients (77% follow-up). Com-
plications were tabulated using all available data.

RESULTS: The mean manifest spherical equivalent 
(MSE) was reduced from �2.97�1.33 diopters (D) 
(range: �0.37 to �6.00 D) to �0.03�0.29 D (range: 
�3.50 to �4.50 D) 1 month after surgery. Ninety-four 
percent of eyes were within 0.50 D of the intended cor-
rection, and the correlation coeffi cient of the attempted 
versus achieved MSE was 0.96. Uncorrected visual acu-
ity (UCVA) of 20/20 or better was achieved in 92% of 
eyes; 99% of eyes achieved UCVA of 20/40 or better. 
Among patients who had bilateral laser vision correc-
tion, 98% achieved 20/20 uncorrected binocular vision. 
Average best spectacle-corrected visual acuity (BSCVA) 
improved slightly 1 month after surgery (mean change: 
�0.01 logMAR). There were 210 (0.67%) eyes that lost 
2 or more lines of BSCVA; however, all eyes were 20/40 
or better. Intraoperative complications occurred in 25 
eyes (0.06%; 1:1686), and postoperative complica-
tions occurred in 210 eyes (0.64%; 1:155). The most 
common complications were dry eye (n=58; 0.18%; 
1:562) and mild diffuse lamellar keratitis (grade 1 or 2) 
(n=58; 0.18%; 1:562). 

CONCLUSIONS: Wavefront-guided LASIK can safely and 
effectively correct low to moderate myopia, as demon-
strated by 1-month postoperative visual outcomes from 
a large number of patients. [J Refract Surg. 2009;25:
S634-S641.] doi:10.3928/1081597X-20090611-02

T he quality of laser vision correction provided in cor-
porate settings has been questioned by some, partic-
ularly with respect to the quality of outcomes and 

the safety of the procedures. However, the depth of resources 
provided by a large corporation and the potential advantages 
of a standardized patient care model may actually enhance 
the quality of care. To assess the safety and effectiveness of 
surgical outcomes in a large corporate practice, Optical Express 
conducted a retrospective review of early postoperative re-
sults following wavefront-guided LASIK treatment for low to 
moderate myopia.

Optical Express is Europe’s largest provider of laser vision 
correction, employing over 3000 optometrists, surgeons, and 
support staff in the United Kingdom, Ireland, the Nether-
lands, Germany, France, Croatia, and the United States. Like 
many refractive surgery providers in the United States and 
elsewhere, Optical Express takes advantage of a coordinated, 
multidisciplinary model in which both optometrists and sur-
geons deliver patient care. In this model, optometrists and 
surgeons share responsibility for patient care, with additional 
support provided by nurses, surgical technicians, counselors, 
administrative personnel, and head offi ce staff.

To ensure a positive patient experience with seamless pro-
vision of care, each patient follows a specifi c pathway through 
the refractive surgery process. For most patients, the clinical 
journey begins with a preoperative examination conducted 
by an optometrist, often with the assistance of a technician or 
counselor. During this evaluation, the optometrist collects all 
necessary clinical data and continues the informed consent 
process (which starts when the patient receives a surgical 
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information package via mail and/or e-mail) by discuss-
ing lifestyle, motivation, risks, benefi ts, and alterna-
tives to surgery.

After a complete review of clinical data, the surgeon 
meets with the patient. During this meeting, the sur-
geon examines the patient, performs any additional 
tests that may be needed, and completes the informed 
consent process. The surgery and perioperative care 
are then delivered by the surgeon.

Finally, postoperative examinations are conducted 
by the optometrist in close consultation with the sur-
geon. At the conclusion of the fi nal postoperative fol-
low-up examination, the patient exits the surgical care 
cycle, after which he or she receives routine annual 
vision care at an Optical Express clinic.

For patients who require an enhancement or sec-
ondary procedure following surgery, the optometrist 
works closely with the surgeon to provide the neces-
sary care. If an enhancement is needed, the patient re-
enters the surgical care cycle and a second preopera-
tive examination is conducted. In the instances when 
a patient experiences a complication, a complex case 
management program provides immediate, defi nitive 
clinical and surgical care.1 This program also offers a 
communications and support structure for both clini-
cians and patients.

To facilitate effi cient patient care across multiple 
locations, Optical Express uses an electronic medical 
records system to capture and store all relevant clini-
cal information. Because information can be extracted 
from this database, the Optical Express biostatistics 
department has the data resources necessary to per-
form a range of large-scale patient outcomes analyses.2 
The data presented in this article represent one such 
endeavor.

PATIENTS AND METHODS
Patient records for wavefront-guided LASIK proce-

dures were extracted from the Optical Express elec-
tronic medical records system if they met the follow-
ing criteria: 1) preoperative low to moderate myopia 
(manifest spherical equivalent [MSE] �6.00 diopters 
[D]), 2) refractive target was emmetropia, 3) no prior re-
fractive procedures, and 4) treated in 2008. This search 
yielded 42,143 eyes of 22,900 patients treated by 30 
surgeons at 41 Optical Express centers. The size of the 
overall dataset and the extraction techniques are de-
scribed in another article in this supplement.2

Indications for surgery were similar to the VISX Pro-
fessional Use manual for CustomVue (Abbott Medical 
Optics [AMO], Santa Ana, Calif) treatments.3 However, 
three exceptions were allowed: 1) the minimum age for 
treatment was 18 years, 2) the maximum preoperative 

cylinder was 6.00 D, and 3) patients with inactive or 
well-controlled and stable collagen vascular diseases 
could be treated if they had no ocular involvement and 
had received clearance from their primary care pro-
vider. There was no restriction on patients with large 
low-light pupil diameters as measured with an infra-
red pupillometer. 

All treatments were performed using the STAR S4 
IR excimer laser system (AMO) using a wavefront-
guided ablation profi le (Advanced CustomVue, AMO). 
First, an aberrometer (WaveScan, AMO) measured the 
wavefront of the eye under low-light conditions. Each 
capture was then assessed to determine the quality of 
the lenslet pattern as well as the disparity between the 
derived sphere and the manifest sphere; poor quality 
captures were repeated. If necessary, a physician ad-
justment was made to match the treatment sphere to 
within 0.50 D of the manifest sphere. The wavefront 
treatment profi le was then transferred from the aber-
rometer to the excimer laser via a USB stick. All treat-
ments were performed with a 6.0-mm optical zone and 
8.0-mm transition zone. 

Corneal fl aps were created using either the IntraLase 
FS-60 (AMO) or the Moria Evo3 One Use-Plus micro-
keratome (Moria SA, Antony, France). The diameter of 
the femtosecond fl aps ranged from 8.2 to 9.2 mm, and 
the programmed depth ranged from 100 to 120 µm. The 
130-µm head was used for the mechanical keratome. 
Patient preference determined the method of fl ap cre-
ation. 

Postoperative medications consisted of a commer-
cially available third-generation fl uoroquinolone and 
1% prednisolone acetate, both of which were prescribed 
four times a day for 1 week after surgery. Patients were 
also instructed to use an artifi cial tear solution at least 
four times a day for 1 month after surgery.

Patients returned for follow-up at 1 day, 1 week, 1 
month, 3 months, and 6 months postoperatively. At 
each examination, the manifest refraction was mea-
sured using a “push plus” technique, and uncorrect-
ed (UCVA) and best spectacle-corrected visual acuity 
(BSCVA) were measured with either a projected eye 
chart or an LCD wall-mounted display using logarith-
mically sized letters. All patients had both monocular 
and binocular UCVA documented. Beginning in the 
summer of 2008, patients also completed a postopera-
tive patient experience questionnaire at select follow-
up examinations; results of this survey are discussed 
in a separate article in this supplement.4

Data tabulation and statistical operations were per-
formed with SAS 9.1 (SAS Institute Inc, Cary, NC) 
and Microsoft Offi ce Excel 7.0 (Microsoft, Redmond, 
Wash).
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RESULTS

PATIENT DEMOGRAPHICS
Of the 22,900 patients included in this study, 51.2% 

were female and 48.8% were male. Patients ranged 
in age from 18 to 69 years, with an average age of 35.6 
years. The mean preoperative sphere was �2.57�1.33 D 
(range: �0.25 to �6.00 D) (Fig 1). The mean preopera-
tive cylinder was �0.72�0.67 D (range: 0.00 to �6.00 D)
(Fig 2). Preoperative cylinder �2.00 D was pres-
ent in 1894 eyes. The average preoperative MSE was 
�2.93�1.34 D (range: �0.38 to �6.00 D). Most eyes 
(99.5%) had a BSCVA of 20/20 or better; all other eyes 
(329; 0.8%) had BSCVA between 20/20 and 20/32. 

The majority of corneal fl aps (75.7%) were created 
with the femtosecond laser, with the remainder cre-
ated by the mechanical microkeratome.

One-month postoperative examination data were 

available for 32,569 eyes of 17,713 patients, repre-
senting a follow-up rate of 77.3%. A manifest refrac-
tion was recorded in 98% of these eyes (31,755 eyes 
of 17,348 patients), and BSCVA was documented in 
97% (31,390 eyes of 17,187 patients). Almost all eyes 
(98.6%) that did not have a refraction and BSCVA had 
UCVA of 20/20 or better at their 1-month examination; 
the remaining 12 eyes had UCVA of 20/25.

A comparison of patients who completed 1-month 
examination and those who did not showed that the 
preoperative mean MSE was similar for both groups 
(�2.97 D and �2.93 D, respectively) (Table 1). How-
ever, patients who did not attend 1-month follow-up 
were slightly younger (35.1 vs 36.2 years), more likely 
to be male (52.0% vs 47.4%), and more likely to have 
had a corneal fl ap created using a mechanical keratome 
(26.5% vs 23.4%).

REFRACTIVE AND VISUAL ACUITY OUTCOMES
Mean MSE at 1-month follow-up was �0.03�0.29 

D (range: �3.50 to �4.50 D). A linear regression of 
attempted versus achieved MSE yielded a slope of 
0.96, an intercept of �0.08, and a correlation coeffi -
cient of 0.95 (Fig 3). Manifest spherical equivalent was 
within 0.50 D of target for 93.7% of eyes and within 
1.00 D for 99.3% of eyes. Two hundred twenty-fi ve 
eyes were �1.00 D from target; 49 (0.15%) eyes were 
overcorrected by �1.00 D MSE, and 176 (0.54%) eyes 
were undercorrected by �1.00 D.

The mean defocus equivalent at 1 month was 
0.27�0.31 D (range: 0.00 to �5.25 D). Defocus equiva-
lent was within 0.50 D of target in 88.6% of eyes and 
within 1.00 D in 98.2% of eyes.

The average manifest cylinder at 1 month was 
�0.17�0.26 D (range: 0.00 to �4.00 D), representing 

Figure 1. Preoperative sphere ranged from 0.0 to 6.00 D in 42,143 eyes 
that underwent LASIK. 

Figure 2. Preoperative cylinder ranged from 0.0 to �6.00 D in 42,143 
eyes that underwent LASIK.

TABLE 1

Preoperative Comparison of Patients 
Who Did and Did Not Attend 1-month 

Follow-up 
1-month Follow-up

Attended Did Not Attend

No. of eyes (patients) 32,569 (17,250) 9574 (5650)

Mean age (range) (y) 36.2 (18 to 69) 35.1 (18 to 68)

Male/female (%) 47.4/52.6 52.0/48.0

MSE (D) �2.97�1.34 �2.93�1.35 

FS laser/keratome (%) 76.6/23.4 73.5/26.5

MSE = manifest spherical equivalent
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a 76% mean reduction in absolute cylinder. In those 
eyes that had preoperative cylinder �2.00 D and a 
1-month refractive examination (1504 eyes; mean pre-
operative cylinder: �2.87�0.68 D), an 81% reduction 
was noted in the absolute manifest cylinder at 1 month 
(mean: �0.51�0.46 D). Seven (0.02%) eyes had a post-
operative manifest cylinder �2.00 D. 

The majority of eyes (91.8%) achieved UCVA of at 
least 20/20 at 1 month, and 71.6% of eyes achieved 20/16 
UCVA (Fig 4). Almost all eyes (99.5%) achieved 20/40 
UCVA. The effi cacy index for the procedure (mean post-
operative UCVA/mean preoperative BSCVA) was 0.96. 
Compared to preoperative UCVA, treated eyes gained 
an average of 10 lines following surgery—equivalent to 
the change from 20/200 to 20/20 (Fig 5).

Among patients who had bilateral LASIK (30,070 

eyes of 15,035 patients), 98.1% achieved 20/20 or bet-
ter uncorrected binocular vision at 1 month (Fig 6).

Average BSCVA was slightly improved 1 month 
after surgery compared to preoperatively (mean 
change in BSCVA: 0.014 logMAR, 95% confi dence 
interval [CI]: 0.013-0.014). The safety index for the 
procedure (mean postoperative BSCVA/mean pre-
operative BSCVA) was 1.02, and most eyes (98.3%) 
remained within 1 line of their preoperative BSCVA 
(Fig 7). There were 210 eyes (0.67%) that lost 2 or more 
lines of BSCVA. No eye had a BSCVA worse than 20/40, 
and 98.8% of eyes had BSCVA of 20/20 or better. 

COMPLICATIONS
Both intra- and postoperative complications were 

assessed (Tables 2 and 3). Of the 42,143 eyes treated, 

Figure 3. The linear regression of attempted versus achieved manifest 
spherical equivalent (MSE) 1 month after surgery in 31,755 eyes is dis-
played as a long-dashed line (slope 0.96 and intercept of �0.08) with a 
correlation coefficient of 0.95. 
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Figure 4. One month after surgery, the majority of eyes (97.2%, 
31,657/32,569) had achieved at least 20/25 uncorrected visual acuity 
(UCVA).

Uncorrected Visual Acuity
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Figure 5. Compared to preoperative values, uncorrected visual acuity 
(UCVA) at 1 month in 32,569 eyes showed an average improvement of 
10 lines.
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Figure 6. Of the 15,035 patients who underwent bilateral LASIK, the 
majority (98.1%) achieved binocular uncorrected visual acuity of 20/20.
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25 (0.06%; 1:1686) experienced an intraoperative 
complication. The most common intraoperative com-
plications were related to fl ap creation (n=22, 0.05%; 
1:1916) and included epithelial abrasion as well as in-
complete, buttonhole, and free fl aps. 

For postoperative complications, all available fol-
low-up data were included in the analysis, and the in-
cidence was computed based on the number of eyes 
evaluated at 1 month (32,569). There were 210 eyes 
that experienced a postoperative complication (0.64%; 
1:155) between 1 day and 7 months after surgery.

Most of the common LASIK complications were ob-
served, but many of these were transient and eventu-
ally resolved. The most common postoperative com-
plications were dry eye (n=58; 0.18%; 1:562), mild 
diffuse lamellar keratitis (DLK, grade 1 or 2) (n=58; 
0.18%; 1:562), and night vision symptoms (n=19, 
0.06%; 1:1714). Thirteen eyes (0.04%; 1:2505) had fl ap 
striae that required fl ap lift and repositioning. Eight of 
these eyes had striae due to frank fl ap displacement 
caused by trauma; 7 (88%) of these 8 fl aps were created 
with the mechanical keratome. When fl aps required re-
positioning, this procedure was performed an average 
of 16 days (range: 1 to 127 days) following surgery.

In addition to these common complications, a few 
eyes experienced rare but serious complications. Six 
cases of microbial keratitis or presumed microbial ker-
atitis were observed in the perioperative time period 
(0.018%; 1:5428). All cases were successfully treated 
with intense antibiotics, and 4 of these 6 eyes had a 
resultant BSCVA of 20/20 or better; the remaining 2 
eyes had a BSCVA of 20/25 and 20/25-2. Other seri-
ous complications included grade 3 or 4 DLK (8 eyes; 
0.025%; 1:4071), crystalline lens changes noted 2 and 
7 months following surgery (2 eyes; 0.006%; 1:16,285), 

ectasia diagnosed 3 months after surgery (1 eye; 
0.003%; 1:32,569), retinal detachment (1 eye; 0.003%; 
1:32,569), and a decentered ablation (1 eye; 0.003%; 
1:32,569).

DISCUSSION
The purpose of this study was to evaluate the early 

postoperative outcomes of wavefront-guided LASIK 
offered by a corporate provider for the treatment of low 

Figure 7. Most eyes (98.3%) were within one line of their preoperative 
best spectacle-corrected visual acuity.

Snellen Lines
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TABLE 2

Summary of Intraoperative 
Complications (N=42,143 Eyes)

Complication n
Incidence 

(%) 1:___

Flap creation 
complication

 22  0.052  1916

Incorrect treatment  2  0.005  21,072

Decentered ablation  1  0.002  42,143

Total  25  0.06  1686

TABLE 3

Summary of Postoperative 
Complications (n=32,569 eyes)

Complication n
Incidence 

(%) 1:___

Dry eye  58  0.18  562

Mild DLK  58  0.18  562

Glare/halos  19  0.058  1714

Flap striae  13  0.040  2505

Delayed healing  9  0.028  3619

Grade 3/4 DLK  8  0.025  4071

Sterile infiltrates  8  0.025  4071

Postop cylinder �2.00 D  7  0.022  4653

Transient light sensitivity  6  0.018  5428

Microbial keratitis  6  0.018  5428

Significant haze  5  0.015  6514

Elevated IOP  4  0.012  8142

Recurrent erosions  3  0.009  10,856

Epithelial ingrowth  2  0.006  16,285

Crystalline lens changes  2 0.006  16,285

Ectasia  1  0.003  32,569

Retinal detachment  1  0.003  32,569

Total  210  0.64  155

DLK = diffuse lamellar keratitis, IOP = intraocular pressure
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to moderate myopia. The large study population was 
gender and age diverse (range: 18 to 69 years). A high 
percentage of patients achieved the refractive target 
(emmetropia) 1 month after surgery; 94% of eyes had 
a postoperative MSE within 0.50 D and 99% of eyes 
were within 1.00 D. Excellent refractive predictability 
was also demonstrated by the tight distribution of the 
postoperative MSE (standard deviation of 0.29 D) and 
the high correlation coeffi cient of the attempted versus 
achieved MSE (0.96). 

Another measure of refractive accuracy is the defo-
cus equivalent. Unlike MSE, this measure considers 
the defocus effect of both residual sphere and residual 
cylinder without allowing opposite signs of sphere 
and cylinder to cancel each other. As a result, defocus 
equivalent has only positive values. In this study, 89% 
of eyes were within 0.50 D of the defocus equivalent 
target (0.0 D). 

In terms of UCVA, most eyes achieved 20/16 or 
20/20 vision (71.6% and 91.8%, respectively). The ef-
fi cacy score was 0.96—the ratio of mean postoperative 
UCVA to the mean preoperative BSCVA. Although not 
commonly reported, binocular acuity may also be a 
useful metric of functional vision, and almost all pa-
tients (98.1%) who underwent bilateral LASIK (15,035 
patients) achieved 20/20 bilateral UCVA.

The safety of the procedure was assessed by the post-
operative and pre- to postoperative change in BSCVA. 
All eyes had a BSCVA of 20/40 or better 1 month af-
ter surgery, and almost all eyes (98.8%) were 20/20 
or better. A slight improvement in the mean BSCVA 
occurred in this study, which is commonly observed 
when treating myopia. A small number of eyes lost 2 
or more lines of BSCVA (210 eyes, 0.67%) at 1 month 
postoperative. However, visual improvement can oc-
cur for several months after LASIK.5,6 Visual results 
may improve in the later postoperative period.

Large, multicenter studies that are not part of a US 
Food and Drug Administration (FDA) clinical trial are 
uncommon in the literature. To the authors’ knowl-
edge, this study represents the largest study to report 
on the safety and effectiveness of LASIK. 

The largest series previously published reported 
34,099 eyes of 17,388 patients who underwent LASIK 
performed by 48 surgeons in 15 centers.7 However, 
these authors only evaluated intraoperative complica-
tions, not postoperative outcomes. 

Another large series reported 1-month data on 
10,052 eyes of 5081 patients treated at a hospital in 
China.8 However, the study did not discuss refractive 
outcomes, change in BSCVA, or the percentage of eyes 
that achieved specifi c levels of UCVA.

Other studies that have evaluated the outcomes of 

wavefront-guided LASIK performed to treat low to 
moderate myopia have had much smaller sample sizes 
(range: 25 to 187 eyes) and varying lengths of follow-
up (range: 1 to 6 months). Overall, these studies have 
reported mixed refractive and acuity results, with the 
percentage of eyes being within 0.50 D MSE ranging 
from 72% to 98%, and the percentage of eyes achiev-
ing UCVA of 20/20 ranging from 56% to 98%.9-16  

The results of the current study are similar to the 
regulated and controlled premarket approval (PMA) 
FDA clinical trial reported in 2003, which was con-
ducted by the manufacturer using the same laser plat-
form and wavefront-guided treatment profi le.3 The 
same optical and transition zones were used in this 
trial and in the current study, and the refractive indi-
cations for both studies were similar, with the excep-
tion that the PMA study limited preoperative cylinder 
to 3.00 D, whereas this study included eyes with up to 
6.00 D of cylinder. In fact, our study included 1504 eyes 
with �2.00 D of preoperative cylinder. Higher levels 
of cylinder can result in less predictable refractive and 
acuity outcomes.9

The PMA study reported 331 eyes with 1-month 
follow-up data, whereas our study had approximately 
100 times that number of eyes (32,569). Despite the dif-
ference in sample size, the percentage of eyes with an 
MSE within 0.50 D at 1 month was similar for both 
studies (92.7% and 93.7% for the PMA and this study, 
respectively), and the percentage of patients who at-
tained 20/20 UCVA was the same (91.8% for both). In 
the PMA study, no eye lost more than 2 lines of BSCVA; 
the 95% CI for this measure was 0 to 0.9%. The per-
cent of eyes in this study that lost more than 2 lines of 
BSCVA (0.12%) was within this range.

In addition to visual outcomes, this study also 
provides data on LASIK complications. Many of the 
complications previously reported for LASIK were 
observed in this study, including dry eye, DLK, and 
loss of BSCVA.17 Most of the observed complica-
tions—such as dry eye, DLK, fl ap striae, and transient 
light sensitivity—were treated successfully without se-
quelae or long-term visual effects. Rare but potentially 
vision-threatening complications were also observed, 
such as microbial keratitis and ectasia. Despite these 
complications, the worst BSCVA at 1 month after sur-
gery was 20/40. The low overall rate of complications 
in this study (intraoperative: 0.06% and postoperative: 
0.64%) also refl ects the high level of safety that mod-
ern LASIK has achieved. 

This complication rate is lower than the rate of 
intraoperative complications described in another large 
LASIK study. In a study of 34,099 eyes that were treat-
ed using a mechanical keratome (Moria LSK One man-
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ual), Albelda-Vallés et al7 observed that 1338 (3.92%) 
eyes experienced intraoperative complications, with 
the most common being a free cap (571 eyes, 1.67%) 
and epithelial abrasion (282 eyes, 0.82%). Part of the 
reason for the disparity in complication rates may be 
due to the fact that the majority of procedures in our 
study were created with the femtosecond laser (76%). 
A free cap from a femtosecond-created fl ap has not 
been reported. Also, because there is no movement of 
the keratome head over the cornea, the rate of epithe-
lial abrasion with the femtosecond laser is believed to 
be lower than with a mechanical keratome.18

The most important limitation of the current study 
was the number of patients lost to follow-up. Of the 
original cohort of 22,900 patients, 5187 patients (22.7%) 
did not attend the 1-month examination. These patients 
tended to be younger (35.1 vs 36.2 years), more often 
male (52.0% vs 47.4%), and had a higher percentage of 
mechanical keratome fl aps (26.5% vs 23.4%).  

A literature review shows that the possible infl u-
ence of these factors on refractive and acuity outcomes 
is mixed. Gender does not appear to be a predictor of 
LASIK outcomes. Some reports have found that age is 
a factor, with younger patients having better outcomes, 
but other studies have not found an association.9,19,20 
In addition, studies of the possible benefi t of femto-
second-created LASIK fl aps have shown both similar 
and improved outcomes compared to mechanical kera-
tome-created fl aps.4,21-24 Given these mixed results, it 
is not known whether patients who did not attend the 
1-month examination would have collectively done 
better, worse, or the same as the cohort who attended 
the 1-month examination.

In addition to some patients being lost to follow-up, 
another limitation of this study is that several factors 
could have resulted in an overestimation or underes-
timation of the complication rates reported. With only 
77% follow-up at 1 month, some complications may 
have been missed; however, the ready access to care and 
the network of Optical Express clinics throughout the 
countries where the treatments were performed should 
help minimize such losses. It is also possible that pa-
tients who missed their 1-month examination may have 
been less likely to have a complication, resulting in an 
overestimation of the actual complication rate. 

Also, while most complications after laser vision 
correction occur during the perioperative period, some 
complications can occur much later; ectasia has been 
reported to occur years after surgery.25 Although one 
ectasia case was reported in this study (diagnosed 3 
months after surgery), additional long-term follow-up 
could reveal other late complications.

Although the factors affecting complications were 

not analyzed in depth, fl ap-related complications ap-
peared to be signifi cantly more common in eyes treat-
ed with a mechanical keratome. Of eight traumatic fl ap 
dislocations, seven occurred with the mechanical ker-
atome. Refl ecting a growing public awareness of such 
advantages, most patients (76%) elected to have fl aps 
created with the femtosecond laser, despite the signifi -
cantly higher procedure fee (~$1200) associated with 
this option. 

This study demonstrates that a large corporate pro-
vider employing a surgeon/optometrist comanagement 
model and using wavefront-guided and femtosecond/
mechanical keratome technology can achieve excellent 
1-month refractive surgery outcomes with a low com-
plication rate, even when treating a large and diverse 
population. Because of this study’s large sample size, 
these results also help further validate laser vision cor-
rection as a safe and effective method of correcting re-
fractive errors in the general population. 
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ABSTRACT

PURPOSE: To assess the level of laser vision correction 
patient satisfaction achieved by a large corporate pro-
vider of refractive surgery.

METHODS: A computer-based, interactive survey was 
used to query patients regarding their satisfaction with 
the services, experience, and results of their laser vision 
correction procedure. 

RESULTS: Responses from 13,655 consecutive pa-
tients who completed their 1-month postoperative ex-
amination were analyzed in this study. A very high level 
of satisfaction was observed both for the quality of post-
operative care provided (98.6%) and for the visual re-
sults obtained (95.0%). Most patients (94.2%) indicat-
ed that the surgery improved their life, and most would 
recommend both laser vision correction (96.5%) and 
the corporate provider (97.5%) to friends and family.

CONCLUSIONS: Patients report a high level of satisfac-
tion with laser vision correction performed by a large cor-
porate provider. [J Refract Surg. 2009;25:S642-S646.]
doi:10.3928/1081597X-20090611-03

A lthough excellent clinical outcomes are essential to 
the success of every refractive surgery practice, the 
best providers do more than simply improve unaid-

ed visual acuity—they also provide a positive patient experi-
ence. To achieve this goal, leading refractive surgery practices 
evaluate the care they provide from their patients’ perspective 
and use this feedback to continuously improve care.

Infl uenced by more than just the visual results of surgery, 
patient satisfaction hinges on a number of factors, including 
the demeanor and attentiveness of staff, how well the prac-
tice manages patients’ expectations, and whether the surgery 
team effectively addresses patient anxiety before and during 
the procedure. Patient satisfaction can also be infl uenced by 
factors such as the physical appearance of the laser center 
and whether patients must wait a signifi cant length of time 
before being examined or treated.

Optical Express, the largest corporate provider of laser vi-
sion correction in Europe, aims to continually measure its 
success in a variety of ways. An electronic patient satisfaction 
questionnaire was instituted in 2008 to evaluate the quality 
of care provided, how well patient expectations were met, 
and the level of patient satisfaction.

MATERIALS AND METHODS
The Optical Express questionnaire is an online, real-time, 

interactive survey that is accessible on computer stations 
located in isolated areas of every Optical Express clinic. All 
laser vision correction patients are asked to complete this 
questionnaire immediately after 1-day, 1-week, 1-month, and 
3-month postoperative follow-up. A unique patient identifi -
cation number created by the Optical Express central offi ce 
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is used to identify patient responses, but individual 
survey responses are not available to clinicians or 
other clinic personnel. The Table shows the questions 
included in the 1-month postoperative survey. The re-
sponses have 2-, 3-, or 5-distractor scales, specifi c to 
each question.

All refractive surgery patients were treated with ei-
ther LASIK or laser epithelial keratomileusis (LASEK) 
depending on medical indications and patient prefer-
ence. Ablations were performed using a STAR S4 IR 
excimer laser system (Abbott Medical Optics [AMO], 
Santa Ana, Calif). For LASIK patients, corneal fl aps 
were created using either the IntraLase FS-60 (AMO) 
or the Moria Evo3 One Use-Plus microkeratome (Moria 
SA, Antony, France). For LASEK procedures, the epi-
thelium was removed with an alcohol solution.

Questionnaire data were then extracted from the 
central clinical database for this analysis. Tabulations 
and statistics were performed using SAS 9.1 (SAS 
Institute Inc, Cary, NC) and Microsoft Offi ce Excel 7.0 
(Microsoft, Redmond, Wash).

RESULTS
A total of 34,760 consecutive patients underwent 

laser vision correction at Optical Express clinics af-
ter the questionnaire was implemented. The clini-
cal model employed and details of clinical outcomes 
for these patients are described in another article 

in this supplement.1 Ninety-two percent of patients 
(n=31,979) attended their 1-month postoperative ex-
amination. Of this subset, the 13,655 patients (43%) 
who completed the 1-month questionnaire were in-
cluded in this analysis.

The 13,655 patients who completed the 1-month 
questionnaire were diverse in age (mean: 39.4 years; 
range: 18 to 71 years) and gender (45% male, 55% fe-
male). Treatments included both myopic and hyper-
opic corrections (mean manifest spherical equivalent: 
�2.27�2.66 diopters [D]; range: �11.63 to �6.00 D) 
performed using both procedure types (91% LASIK, 
9% LASEK).

Most demographic and preoperative factors were 
equivalent between patients who completed the 1-month 
questionnaire and those who did not. No signifi cant 
differences were observed for pre- and postoperative 
sphere, cylinder, best spectacle-corrected visual acuity 
(BSCVA), and uncorrected visual acuity (UCVA). How-
ever, statistically signifi cant differences were observed 
for age (difference 0.3 years; t test, P=.0159), gender 
(male/female difference 3%; chi-square, P=.0076), and 
type of procedure (LASIK/LASEK difference 2%; chi-
square, P�.0001).

Overall, survey results indicated a high level of pa-
tient satisfaction, with the majority of patients (97.0%) 
rating their overall experience with Optical Express as 
“good” or “excellent” (Fig 1). Most patients also gave 
positive feedback when asked about specifi c aspects of 
their care. For example, 98.6% of patients reported be-
ing satisfi ed with their postoperative care, and most pa-
tients said they did not have to wait long before the start 
of their postoperative appointment (Figs 2 and 3).

The majority of patients (95.0%) also reported being 
satisfi ed with their visual results after surgery (Fig 4). 

TABLE

One-month Questionnaire
1. How satisfied are you with the post-operative care that we 

have provided for you since your treatment? (Very satisfied; 
Satisfied; Neither satisfied nor dissatisfied; Dissatisfied; 
Very dissatisfied)

2. Overall how would you rate your Optical Express experience 
so far? (Excellent; Good; Average; Poor; Very Poor)

3. How long did you wait in the clinic before your post-opera-
tive appointment commenced? (Less than 10 minutes; 
10-20 minutes; More than 20 minutes)

4. How is your vision now compared with your expectations 
pre-treatment? (Better; Same; Worse)

5. How satisfied are you with your vision today? (Very 
satisfied; Satisfied; Neither satisfied nor dissatisfied; 
Dissatisfied; Very dissatisfied)

6. Is your vision better than it was with spectacles/contact 
lenses? (Yes; No)

7. Has Laser Vision Correction changed your life for the bet-
ter? (Yes; No)

8. Would you recommend Laser Vision Correction to your 
friends and family? (Yes; No)

9. Would you recommend Optical Express to your friends and 
family? (Yes; No)

Figure 1. Of 13,655 patients who completed the 1-month question-
naire, 73% rated their overall experience with Optical Express as “excel-
lent” at 1-month follow-up.
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When asked to compare these results to their preopera-
tive expectations, 94.1% of patients indicated that their 
visual results met or exceeded their expectations (Fig 5).

Finally, a high level of satisfaction was reported on 
a series of “yes/no” questions. A majority of patients 
(94.2%) stated that laser vision correction had changed 
their life for the better, and most patients (82.8%) in-
dicated that their vision was better after surgery than it 
had been with spectacles or contact lenses (Fig 6). Al-
most all patients also indicated that they would recom-
mend both laser vision correction (96.5%) and Optical 
Express (97.5%) to friends and family (Fig 7).

DISCUSSION
This study represents a real-world, large-scale evalu-

ation of patient satisfaction with laser vision correction 

delivered by a corporate provider. Including patients 
with a broad range of preoperative ametropia who re-
ceived treatment using current technology, this study 
found a high level of satisfaction in terms of both the 
quality of care provided and patients’ visual results. 
Most patients also indicated that the surgery improved 
their life and that they would recommend both the pro-
cedure and the corporate provider to friends and fam-
ily. These fi ndings validate the perceived value of this 
elective procedure, and they confi rm that a corporate 
provider can deliver laser vision correction in such a 
way that patients develop a high opinion of both the 
quality of care and their visual outcomes.

Because patient satisfaction is a valuable indicator of 
a practice’s performance, other studies have analyzed 
satisfaction with laser vision correction.2-7 In fact, a re-

Figure 2. Of 13,655 patients who completed the 1-month question-
naire, 93.4% of patients reported being “very satisfied” with their post-
operative care.

Figure 3. Of 13,655 patients who completed the 1-month question-
naire, the majority (74.2%) reported that they had to wait less than 10 
minutes prior to their appointment.

Figure 4. Of 13,655 patients who completed the 1-month question-
naire, when asked “How satisfied are you with your vision today?” 77.8% 
of patients reported being very satisfied.

Figure 5. Of 13,655 patients who completed the 1-month questionnaire, 
75% reported that their vision after surgery was better than expected.
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cent meta-analysis of the laser vision correction litera-
ture was conducted in response to concerns about pa-
tient dissatisfaction after LASIK.8 This meta-analysis 
included 309 pertinent articles with a combined total 
of 2199 patients, and overall satisfaction with LASIK 
was found to be 95.4%. Although this meta-analysis 
only evaluated LASIK patients and included assess-
ments over a wide postoperative time period (range: 1 
month to 10 years), the overall result was similar to the 
result of the current study.

One possible limitation of the current study is that it 
included LASEK patients who may not have achieved 
their fi nal visual outcome by the time the 1-month ques-
tionnaire was administered. It is well known that visu-
al recovery after a surface procedure, such as LASEK, 
can take longer than after LASIK.9-11 If patients had not 
yet achieved their optimal visual outcome when the 
1-month survey was taken, this could negatively im-
pact the results obtained by the questionnaire. In addi-
tion, satisfaction after surgery can continue to improve 
beyond the 1-month postoperative follow-up regard-
less of the procedure. Together, these factors suggest 
that patient satisfaction could be higher if assessed at 
later time periods.

Another possible limitation of the current study is 
that only 43% of patients who attended the 1-month 
postoperative examination completed the patient sat-
isfaction questionnaire. To evaluate a possible selec-
tion bias, patients who completed the questionnaire 
were compared to those who did not. Although this 
comparison found no differences in most preoperative 
parameters, small differences in age, gender, and type 
of procedure were statistically signifi cant due to the 
large sample size. Although these differences are un-

likely to have true clinical relevance and the groups 
were well-matched for all other parameters, it is still 
possible that the patients who chose to fi ll out the sur-
vey were selectively satisfi ed or dissatisfi ed. 

Finally, this study did not analyze all of the fac-
tors that may have contributed to patient satisfaction. 
Patients can be dissatisfi ed even when a procedure 
achieves a normal clinical outcome, so further work is 
ongoing to elucidate clinical factors that can infl uence 
patient satisfaction after surgery.

Clinical outcomes can determine the safety and 
effi cacy of a procedure, however, these metrics cannot 
fully assess how patients value a procedure. By pro-
viding an essential complement to clinical outcome 
analyses, a computerized questionnaire such as that 
developed by Optical Express represents a valuable 
tool for assessing how patients perceive the quality of 
care they receive.

The most obvious use of such data is to direct 
changes that will enhance future patients’ satisfaction. 
For instance, data from different clinical centers can 
be compared and analyzed, and centers that produce 
consistently high marks can be identifi ed and studied. 
By applying the lessons learned from these centers to 
other centers, a large corporate provider can duplicate 
its successes over many locations. 
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Figure 6. Of 13,655 patients who completed the 1-month questionnaire, 
83% reported that their vision was better than it was with spectacles or 
contact lenses, and 94.2% said that laser vision correction had changed 
their life for the better.

Figure 7. Of 13,655 patients who completed the 1-month question-
naire, the majority (96.5%) would recommend laser vision correction 
(LVC) to friends and family, and a similarly high percentage (97.5%) 
would recommend Optical Express (OE).
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ABSTRACT

PURPOSE: To describe the role played by the Inter-
national Medical Advisory Board (IMAB) in clinical and 
corporate governance at Optical Express, a corporate 
provider of refractive surgery. 

METHODS: A review of goals, objectives, and actions 
of the IMAB.

RESULTS: The IMAB has contributed to study design, 
data analysis, and selection of instruments and proce-
dures. Through interactions with Optical Express corpo-
rate and clinical staff, the IMAB has supported man-
agement’s effort to craft a corporate culture focused on 
continuous improvement in the safety and visual out-
comes of refractive surgery.

CONCLUSIONS: The IMAB has fashioned signifi cant 
changes in corporate policies and procedures and has 
had an impact on corporate culture at Optical Express. 
[J Refract Surg. 2009;25:S647-S650.]
doi:10.3928/1081597X-20090611-04

T o remain competitive, every medical enterprise must 
continuously ask itself: How can we deliver better 
patient care? An effectively run medical business 

will also ask itself: How do we organize ourselves to maxi-
mize effi ciency and profi tability without diminishing the 
quality of care?

All medical enterprises seek answers to these questions, 
and although it would be nice if the answers always came 
from within the practice or the corporation, every group rec-
ognizes the occasional need for outside assistance. Outsiders 
can bring a fresh perspective and a broad base of knowledge, 
and commonly it is their guidance that provides the solu-
tions—or a way to fi nd the solutions—that those within the 
company seek.

Like other similar enterprises, Optical Express has created an 
International Medical Advisory Board (IMAB) (Table 1). What 
distinguishes the Optical Express IMAB from most similar 
advisory groups is the role it plays within the Optical Express 
organization (Table 2). The IMAB’s function is not to put a 
seal of approval on what others decide nor is it to simply offer 
suggestions on how to do things incrementally better. Rather,
the IMAB is an integral part of determining the future of 
Optical Express. Not only does the IMAB participate in deci-
sion making, but it is intended to shape the process by which 
corporate decisions are made.

SETTING STANDARDS 
For members of the IMAB, this is an extraordinary oppor-

tunity. Optical Express is possessed of resources—particu-
larly data—that give it the ability to critically self-assess the 
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safety and effi cacy of refractive surgery delivered in 
a corporate setting. The ultimate aim of the IMAB is 
to meld Optical Express’ rich data resources with the 
IMAB’s expertise in a process that continuously raises 
the quality of care for patients. The remainder of the 
article describes how the IMAB will contribute to this 
process.

First, what does the IMAB bring to the table that can 
help the company achieve its goals? The members of 
the IMAB are well known as teachers and innovators. 
By exposing Optical Express to thinking from outside 
the corporation, they serve as a source of fresh ideas. 
The IMAB members’ experience qualifi es them to pro-
vide the guidance needed for Optical Express to adopt 
those practices that are likely to enhance visual out-
comes and patient satisfaction.

DATA DRIVEN
As an enterprise, Optical Express places an empha-

sis on data: collecting data, analyzing data, and utiliz-
ing data. This supplement has a presentation with data 
from over 40,000 eyes. A database of that size is un-
precedented in ophthalmology.

The value of such data is great, for it is the marriage 
of large quantities of reliable data with skilled analy-
sis that drives sound medical decisions. To ensure 
data quality and sound study design, Optical Express 
maintains a corporate biostatistics department, a major 
function of which is to support the IMAB.1

The combination of Optical Express’ data and a 
cadre of experienced scientists and clinicians who can 
work with it put Optical Express in a position to drive 
positive change in the refractive surgery industry.

Even with a large quantity of data and signifi cant ex-
pertise, this endeavor will not be easy. I have a favorite 

saying that goes: “Most people do not recognize op-
portunity, because it comes dressed in jeans and looks 
like work.” And, in fact, collecting, collating, analyz-
ing, and fi nding useful applications for this massive 
amount of data is an enormous task, so it’s fair to ask: 
What good can come from this effort?

Let us take an example. In this supplement, there 
are papers that use Optical Express data to analyze 
outcomes. Outcome measurements are a key ele-
ment to driving success, and Optical Express’ data 
resources give it the ability to track results over 
very large numbers of patients and many physi-
cians. From those results we can make decisions; we 
can establish practice guidelines. And we can use 
the same data facility to test those guidelines after 
implementation. Please note that although the data 
presented herein are limited to 1- to 3-months, pa-
tient follow-up is ongoing and longer-term data will 
be available.

TABLE 1

Optical Express International 
Medical Advisory Board (IMAB)

Steven C. Schallhorn, MD, IMAB Chairman

Jan Venter, MD, IMAB Clinical Director

Mitchell C. Brown, OD, IMAB Deputy Medical Director

Stephen C. Coleman, MD

Joseph Colin, MD

Steven J. Dell, MD

Colman R. Kraff, MD

Marguerite B. McDonald, MD

Stephen Slade, MD

John A. Vukich, MD

TABLE 2

Purpose and Role of the Optical 
Express International Medical 

Advisory Board (IMAB)
The IMAB offers 

• A global view of trends

• Broad base of experience

• Diversity of views

• Proven track record of leadership 

The IMAB’s role

• Introduce new techniques and technologies

• Help Optical Express utilize its wealth of data

• Provide continuing education within the organization

• Review and guide medical management decisions

   - Use evidence-based medicine to aid decision making

   - Continuous quality improvement

• Establish Optical Express leadership in creating a global 
   standard of care

• Share Optical Express’ experience

• Publication of studies

   - Major presence at meetings around the world

• Improve the overall standard of care for all providers of
   refractive surgery

   - Benefit Optical Express patients and those of other providers

   - Enhance the reputation of the refractive surgery industry

   - Maintain public confidence in the safety and efficacy of
     refractive surgery

• Shape Optical Express corporate culture
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ROLE OF THE IMAB
Clearly, the Optical Express store of data will be used 

internally to create better patient outcomes, but Optical 
Express also intends to share much of this data with the 
rest of the world to advance the fi eld of refractive surgery.

First, the IMAB members will review and guide 
medical management decisions. Working with Optical 
Express biostatisticians, IMAB expertise can be used to 
structure studies to produce the most useful informa-
tion. When studies are complete, the IMAB will assist 
in the analysis and application of their results to medi-
cal decisions. This evidence-based, decision-making 
process is a key aspect of the continuous quality im-
provement to which Optical Express is dedicated.

I would like to underscore that point. With its or-
ganization, expertise, access to data, and dedication 
to continuous improvement, Optical Express can set 
standards that others may look to for guidance. In-
deed, that is a corporate goal, and an additional func-
tion of the IMAB is to make Optical Express an active 
institutional presence in the global refractive surgery 
community. We can do this by writing and publishing 
papers and posters, speaking at meetings (including 
those held electronically), and entering into dialogue 
with colleagues around the world. While the future is 
always uncertain, I believe that, if Optical Express lives 
up to its promise, if it continues to study issues and 
make evidence-based decisions in a credible, transpar-
ent manner, it can be a force in guiding decision-mak-
ing around the world.

A secondary benefi t is that through careful analysis 
and public reporting of outcomes, the IMAB can help 
maintain public confi dence in the safety and effi cacy 
of refractive surgery—not just of refractive surgery at 
Optical Express but of refractive surgery in general. 
The simple fact is that all of us in the fi eld rise or sink 
based on the public perception of what we do. If pa-
tients believe in refractive surgery, there is a place for 
all of us. If they don’t believe, neither Optical Express 
nor anyone else in the fi eld will succeed.

A STRONG PRESENCE
The IMAB aims to help establish Optical Express as 

an institution dedicated to teaching others the art and 
science of refractive surgery. This process has begun 
with invitational symposia (such as the one for which 
this paper is written) where information is shared 
within the company to raise our own standards. 

Moving outside the corporation, IMAB members 
will participate in national and international programs. 
The IMAB gives Optical Express the ability to offer a 
continuing stream of lectures and courses at meetings 
around the world. 

The IMAB can lead in taking the Optical Express sto-
ry to our colleagues globally. We can publish in profes-
sional journals. We can establish ongoing relationships 
with the media to explain and reinforce what we do. We 
can interact with Optical Express personnel to develop 
articles and symposium presentations at congresses.

It is a stated goal of the IMAB to establish a regular 
fl ow of information to ensure that the world is aware 
of Optical Express and its commitment, experience, 
and professional standing. Indeed, although relative-
ly new to the fi eld of refractive surgery, Optical Ex-
press is transforming itself from a consumer of medi-
cal education that in the past has learned and applied 
what others have taught to an active contributor to the 
knowledge base of peer-reviewed information in re-
fractive surgery. It is becoming a net exporter of expe-
rience and expertise. This is a fundamental milestone 
in corporate development and a sign of the company’s 
determination to hold a leadership position within the 
industry.

BUILDING THE BUSINESS OF REFRACTIVE SURGERY
How does this impact Optical Express’ business? 

Where is the return on the investment made in the 
IMAB? For one thing, the IMAB can direct the use 
of Optical Express data in ways that are useful to the 
company. For example, Optical Express can not deliver 
what patients want if we do not know what that is. We 
need our patients to tell us how we are doing, but we 
can’t just talk about patient satisfaction—we need to 
measure it. There are standardized metrics for evaluat-
ing patient satisfaction, and the IMAB can ensure that 
these additional data are gathered and used. 

The patient satisfaction data presented by Brown 
et al2 establish that Optical Express is already doing 
a good job of giving patients what they want. But pa-
tient satisfaction data can do more than simply tell us 
how we are doing. Increasingly, patient satisfaction is 
being taken into account by insurance and governmen-
tal organizations seeking criteria by which to evaluate 
providers.

For example, in the United States, the Consumer 
Assessment of Healthcare Providers and Systems 
(CAHPS) program is a public–private initiative to de-
velop standardized surveys of patients’ experiences 
with ambulatory and facility-level care. The majority 
of large US clinics report their results to this data-
base. By using the same standardized metrics, Optical 
Express can measure itself against the other providers 
in the database, allowing the company to see how it 
compares to prestigious clinics in the United States 
and elsewhere. These are the exciting things we can 
do with Optical Express data, and ideas such as this 



Commercially Sponsored Section journalofrefractivesurgery.comS650

Role of an Advisory Board/Vukich

are the kinds of opportunities that the IMAB brings to 
Optical Express.

THE FUTURE
Going forward, the IMAB will help Optical Express 

continue to develop a holistic approach to refractive 
surgery. We know that the technology is not the only 
key driver for patient outcomes and satisfaction. Out-
comes are infl uenced by such things as dry eye man-
agement, and patient satisfaction is heavily infl uenced 
by the individual’s experience before, during, and after 
the procedure. The role of the IMAB is to help Optical 
Express stay focused on all of these areas.

But the role of the IMAB goes beyond advice and 
education. It includes the development of a corporate 
culture. Our role is to ensure that Optical Express not 
only does things well today, but that in all its opera-
tions, the company continuously lays the groundwork 
to do them better tomorrow.
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ABSTRACT

PURPOSE: To demonstrate how the large quantity of 
uniformly collected data available to a corporate refrac-
tive surgery provider, Optical Express, is applied to drive 
improvements in patient outcomes.

METHODS: Optical Express employs a skilled team of 
biostatisticians to analyze the information in its elec-
tronic medical records database of over 5,500,000 pa-
tient records. The techniques used to ensure high data 
quality and the selection of statistical methods used in 
making data-driven clinical decisions are described. The 
importance of appropriate statistical methods is dem-
onstrated in an example in which the effect of age on 
refractive outcomes in low myopes is studied. The use 
of a corporate database in prospective and retrospective 
analyses is detailed.

RESULTS: By providing the resources necessary to inter-
pret the information in Optical Express’ medical records
database, the biostatistics department has helped Optical 
Express refi ne its procedures and improve surgical pro-
tocols and patient outcomes.

CONCLUSIONS: Biostatistical analyses help transform 
the large quantities of uniformly collected clinical data 
available to a corporate surgery provider into information 
that can be applied to improve clinical practice. Such data-
driven process improvements play a key role in improving 
patient outcomes. [J Refract Surg. 2009;25:S651-S654.]
doi:10.3928/1081597X-20090611-05

W ith data on over 5,500,000 patients, the Optical 
Express clinical outcomes database has the poten-
tial to shed light on a wide range of medical and 

surgical questions. In addition to evaluating the performance 
of individual surgeons, this database is used to answer broad 
questions about the safety and effi cacy of various refractive sur-
gery procedures and the factors infl uencing patient outcomes.

Optical Express employs a biostatistics department that en-
sures the appropriateness of statistical methodology and the 
quality of data. By ensuring that the conclusions drawn from 
this data are statistically valid, the biostatistics department is 
essential to the company’s effort to answer a range of questions 
about both the science and business of refractive surgery.

ENHANCING OUTCOMES WITH DATA-DRIVEN DECISIONS
The primary function of data analysis is to promote 

evidence-based decisions that improve patient care. By ana-
lyzing data from tens of thousands of patients, statistical mod-
els can be developed that identify the key factors that impact 
surgical outcomes. Surgeons can then use these models to 
modify treatment variables and improve patient outcomes. 

In addition to helping with the large-scale analyses report-
ed in this supplement, the biostatistics department performs 
a variety of other assessments. For example, surgeon reviews 
are performed biannually to provide quality control infor-
mation about each surgeon’s performance. As part of these 
reviews, surgeons’ performance is compared in a way that 
takes into account the patient population that each surgeon 
treats and the types of procedures he or she performs. Thus, 
the scoring system developed by the biostatistics department 
gives a valid “apples to apples” comparison.

Finally, the biostatistics department responds to queries 
regarding the merits of anecdotal information. For example, 
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if a clinician notices increased induction of cylinder 
in a small series of patients, the biostatistics depart-
ment can perform a retrospective analysis to determine 
whether the fi ndings represent a signifi cant trend or 
are just a statistical anomaly. If the former, the biosta-
tistics department can perform additional analyses, in-
cluding prospective studies, to determine the cause of 
this trend.

IMPORTANCE OF DATA SAFETY AND QUALITY
The Optical Express database is a highly system-

atized collection of electronic medical records, which 
uses a scalable private Multi Protocol Label Switching 
(MPLS) network. The data center where the informa-
tion is hosted has multiple features such as redundant 
air supply, redundant power capabilities, and security 
measures. This system (Tier 4) is considered the highest 
level by the Telecommunications Industry Association. 
Security provisions include redundant communication 
links, fi re suppression, intruder detection, private pow-
er substation, diesel generators, and 24-hour security. 
All databases are held in Microsoft SQL 2005 (Microsoft 
Corp, Redmond, Wash) using Windows authentication 
and role-based security. There are separate servers in 
three locations across two continents. 

As with any such collection, data accuracy must be 
maintained to ensure the validity of conclusions drawn 
from analyses of the data. Optical Express’ electronic 
medical records system includes features that help en-
hance data quality, including range validations, range 
restrictions, controls on applicable data types, and 
comment boxes to verify unexpected values. In addi-
tion to these features, everyone who enters data into 
the Optical Express system is continually reminded to 
be vigilant about data accuracy. 

The Optical Express system is independently audit-
ed by Registrat Incorporated (Lexington, Ky), a third-
party clinical research organization that specializes in 
data management. The intention of these independent 
audits is to provide an unbiased assessment of the data 
accuracy. 

In an effort to further promote accuracy, the bio-
statistics department also routinely performs a thor-
ough internal audit on all data to identify and query 
extreme values and other aberrations. For example, 
by comparing the distribution of preoperative visual 
acuity measurements, statistical analyses can identify 
optometrists who may require more training to obtain 
a precise and accurate refraction for each patient.

IMPORTANCE OF STATISTICAL METHODS
Although data quality is essential for accurate re-

sults, using appropriate methods for all analyses is 

also crucial. The complexity of statistical questions 
can vary, but all analyses require proper methods to 
achieve valid results.1,2 To select the correct type of 
statistical test for a given application, statisticians 
consider a multitude of issues, including the inherent 
distribution of the data, the data type available, and 
whether an assumption of normality is met.

As an example of how different methods can affect 
the outcome of a statistical analysis, consider the ques-
tion of patients versus eyes. If a procedure is performed 
binocularly on 50 patients, should the data be analyzed 
as 50 patients or 100 eyes? Because the treatments were 
binocular, one theorized approach is to average both 
eyes for a single patient and perform the analysis for 50 
patients. Another approach is to disregard the fact that 
data on two particular eyes come from the same patient 
and perform the analysis on 100 eyes as though each 
eye was from a different patient. 

Intuitively, clinicians know that neither of these ex-
tremes is accurate. Because two eyes from a single per-
son are more similar than two eyes from two different 
people, the statistical analysis should not disregard the 
fact that eyes come in pairs. But because some patients 
may have eyes that are different, averaging results from 
a patient’s two eyes will result in a loss of information. 
Appropriate statistical methodology will therefore ac-
count for the similarity between a patient’s two eyes 
while still maintaining each eye as an independent 
data point. Rather than being an analysis of 50 patients 
or 100 eyes, a better approach may be an analysis per-
formed on 50 pairs of eyes.

REAL-WORLD APPLICATIONS
To demonstrate this approach, consider a nomo-

gram adjustment designed to account for the possible 
infl uence of patient age in the treatment of low myopia 
(��3.00 diopters [D] with ��1.50 D of astigmatism). 
For this analysis, the statistician will fi rst set the null 
hypothesis: age does not affect outcomes for low myo-
pia treatment. Whether this hypothesis is confi rmed or 
rejected depends on the method used to address the 
“patients versus eyes” question. 

As the fi rst step in this analysis, a generalized lin-
ear model is created to determine whether patient age 
signifi cantly affects the postoperative mean spherical 
equivalent refraction. Using a Simple Random Sample 
Without Replacement, 1000 randomly selected eyes 
(507 patients) with low myopia were included in this 
analysis; patient age ranged from 18 to 65 years. The 
follow-up time used for the analysis was 1 month for 
all patients.

Next, the analysis must address the “patients versus 
eyes” question. The simplest approach is to make no 
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adjustment to the model and assume that a patient’s 
two eyes behave completely independent of one anoth-
er. In this approach, 100 eyes from 50 patients would 
be treated the same as 100 eyes from 100 patients. Us-
ing this method, an analysis performed using actual 
data from the Optical Express database yields P=.0013, 
and the null hypothesis is rejected.

Because of common factors such as identical genes 
and measurement conditions, however, some correla-
tion between a patient’s two eyes is expected. There-
fore, a second analytical method takes a “patient cen-
tered” approach, assuming a correlation exists between 
a patient’s eyes and accounting for it by using an aver-
age of both eyes for the analysis. This approach yields 
P=.2178, which confi rms the null hypothesis.

Finally, a third method—which I believe yields the 
most accurate result—accounts for the possible corre-
lation between a patient’s eyes by adjusting the model 
for intraclass correlation.3 With the use of repeated 
measures, this method treats each patient as a cluster 
of data points, and an adjustment is made within that 
cluster. The result of this method is P=.0895, which 
confi rms the hypothesis that age does not signifi cantly 
affect the treatment of low myopia.

As this example shows, different methods of statisti-
cal analysis can yield different conclusions. Compared 
to the most accurate statistical method (presented last), 
the fi rst option overestimates the P value and incor-
rectly rejects the null hypothesis. Likewise, whereas 
the second method correctly confi rms the hypothesis, 
it nonetheless underestimates the relationship that age 
may play in the treatment of myopia. In-house biostat-
isticians ensure the application of appropriate meth-
ods for each type of analysis.

DEMONSTRATING IMPROVEMENTS IN 
CLINICAL OUTCOMES

The clinical benefi t that can be achieved through 
statistical analyses is demonstrated by the following 
example. Following a comprehensive analysis of the 
sphere adjustment applied to wavefront-guided treat-
ments, Optical Express surgeons implemented several 
changes to this adjustment. Specifi cally, the protocol 
was changed to specify that the treatment sphere (using 
a 4-mm wavefront sphere calculation on the aberrom-
eter) should be adjusted to be equivalent to the manifest 
sphere if both the preoperative wavefront and manifest 
refraction were of high quality. Previously, the protocol 
was to either select a wavefront capture that was with-
in the VISX PMA guidelines or to adjust the treatment 
sphere to be within 0.50 D of the manifest sphere.4 The 
analysis supporting the implementation of this change 
predicted that this modifi cation would increase refrac-

tive accuracy and allow a higher percentage of patients 
to achieve their target refraction.  

Following the implementation of this change, the 
biostatistics team analyzed patient outcomes to eval-
uate its effect. The sample size for this analysis was 
extracted from the central Optical Express database 
using the following selection criteria: 1) all primary 
wavefront-guided LASIK procedures performed in the 
3 months immediately before and 3 months after the 
change, 2) emmetropia was the refractive goal, 3) treat-
ment of myopia, 4) preoperative cylinder �2.00 D, and 
5) 1-month follow-up. This yielded a total of 11,684 
patients; patients treated before the surgical change 
comprised one cohort (n=5799) and those treated fol-
lowing the implementation of the change comprised 
a second cohort (n=5885). This number included all 
patients in the database at the time period that met the 
requirements for analysis and had 1-month follow-up. 
The 1-month follow-up rate for this group was 89%. 
Preoperative and demographic characteristics were 
statistically similar for both groups (Table).

The results of this analysis revealed a statistically 
signifi cant increase (3%) in the percentage of patients 
achieving 20/20 postoperative uncorrected visual acu-
ity (UCVA) after the surgical protocol was updated 
(P�.0001, Fig). A statistically signifi cant increase (4%) 
was also noted in the percentage of patients achiev-
ing 20/25 postoperative UCVA (P�.0001). This re-
sult shows that statistical analyses can be used both 
to drive improvements in treatment technique and to 
analyze the impact of these improvements.

CHALLENGES
Given the large size of the datasets being analyzed 

and the nature of the data collection in a real clinical 

TABLE 

Preoperative and Demographic 
Characteristics of Patients Treated 
Before and After a Change in the 

Sphere Adjustment Applied to 
Wavefront-guided Treatments

Before After

No. of eyes 5799 5885

Gender (M/F, %) 33/67 33/67

Mean age (range) (y) 38.1�10.8 
(18 to 69)

37.5�10.6
(18 to 70)

Mean SEQ (range) (D) �3.77�2.13 
(�0.25 to �12.125)

�3.75�2.02 
(�0.38 to �12.125)

SEQ = spherical equivalent refraction
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setting, there are challenges that must be addressed. 
For instance, follow-up times can become a particu-
larly important factor to consider. In a typical clinical 
setting not all patients will return for a 1-, 3-, 6-, or 12-
month postoperative follow-up. Thus, when selecting 
a follow-up time point for an analysis it is important 
to examine the characteristics for the group of patients 
who did not make that clinic visit. Any clinical or sta-
tistically signifi cant difference in preoperative or treat-
ment characteristics of the “lost to follow-up” patients 
must be addressed for selection bias. In many cases, 
the initial analysis is completed with 1-month data, 
given the higher rate of follow-up. Additional analy-
sis is then completed at later time points (3, 6, and 12 
months) to ensure consistency of conclusions.

Another challenge is that with such a great amount 
of data comes a great amount of inherent variability. 
This may be due to a host of issues, such as variabil-
ity in patient healing responses, differences in exami-
nation room chart illumination, or variations in sur-
geon technique. When analyzing multiple effects for 
hypothesis testing, building an appropriate model can 
become complicated. It is imperative to address all 
identifi able potential independent variables for effect 
as well as covariance and interaction.1,3 A lengthy and 
stepwise approach is warranted to ensure no lurking 
variables exist or incomplete conclusions are made.

A unique challenge arises in hypothesis testing 
when analyzing such large datasets. Historically, 
hypothesis testing was developed as a tool to infer sig-
nifi cant relationships in smaller sample sizes. When 
these traditional tests are used in the presence of large 
amounts of data, statistical signifi cance can become 
prevalent. To address this tendency, it is essential to 
always include an evaluation of clinical signifi cance. If 
an explanatory variable is found to be statistically sig-
nifi cant in one cohort, it is important to assess whether 
the mean difference between the two cohorts is clini-
cally meaningful. Another practical way of addressing 
this tendency is to more regularly employ the use of 
random sampling. By sampling from these large data-
sets, more reliable P values can be created for infer-
ential purposes. This random sampling testing can be 
done in a repeated manner.3 This will yield multiple 
P values from multiple random samples that can be 
analyzed for variability, thus providing a reliability es-
timate for our hypothesis testing conclusions. 

The quantity of data that a large corporate provider 
such as Optical Express collects is a valuable resource. 
The company’s biostatistics department plays a key 
role in interpreting the data. In addition to selecting 
appropriate statistical methods for each type of analy-
sis, the biostatistics department works to ensure the 
accuracy and consistency of all data entered into the 
Optical Express system. 

As a result of these efforts, Optical Express can ap-
ply its data resources in areas ranging from internal 
quality control checks to large clinical studies, such as 
those presented in this supplement. The result is that 
the quantity of uniformly collected data available in 
the corporate environment can be used to improve the 
quality of patient outcomes.
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Figure. Patients treated after implementation of a change in treatment 
technique had better postoperative uncorrected visual acuity (UCVA) com-
pared to patients treated prior to the implementation of this change.
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ABSTRACT

PURPOSE: To describe the complex case management 
system developed by Optical Express, a large corporate 
provider of laser vision correction, and to detail the ben-
efi ts this system offers for managing the surgical com-
plications of laser vision correction.

METHODS: The classifi cation scheme Optical Express 
uses to categorize surgical complications is described, 
and the various pathways patients can take through the 
complex case system are detailed. This process is illus-
trated with a case study describing the treatment of a 
patient with postoperative LASIK ectasia. The benefi ts of 
the complex case system are also discussed.

RESULTS: A total of 1363 eyes were treated in the com-
plex case management system during the 5-year period 
between January 1, 2004 and December 31, 2008. 
These 1363 eyes represent a small fraction (0.45%) 
of the approximately 300,000 eyes treated during this 
period. The Optical Express complex case management 
system organizes complications based on severity and 
urgency. Grade A complications (40 eyes, 2.9% of all 
complications) are the most serious and urgent, fol-
lowed by grade B (327 eyes, 24.0%), and grade C (996 
eyes, 73.1%). For each complication, the patient’s jour-
ney through the complex case system starts with an 
evaluation by an optometrist. Depending on the severity 
of the complication, the patient may then be referred to 
the treating surgeon, a regional complex case surgeon, 
or an external consultant. A complex case manager co-
ordinates care and logistics throughout this process.

CONCLUSIONS: The complex case management sys-
tem used by Optical Express provides clinical care 
and support for patients who experience a surgical 
complication. [J Refract Surg. 2009;25:S655-S660.]
doi:10.3928/1081597X-20090611-06

S ignifi cant complications following laser vision cor-
rection occur in �1% of patients, but the quality of 
care provided in these cases can defi ne the way sur-

geons and their practices are perceived. With proper man-
agement and excellent communication, most complications 
can be resolved with minimal or no loss of vision or patient 
dissatisfaction. When a complication is managed poorly, 
however, a single unhappy patient can signifi cantly damage 
a practice’s reputation. On a larger scale, a small cadre of dis-
satisfi ed refractive surgery patients can negatively infl uence 
public perception of the entire industry.

Because effective complication management is essential 
for quality patient care, Optical Express has developed a com-
plex case management system dedicated to treating patients 
who experience a complication. Staffed by highly trained cli-
nicians and support personnel, equipped with state-of-the-art 
of technology, and supported by the expertise of the company’s 
International Medical Advisory Board (IMAB), this system 
provides the resources necessary to ensure appropriate and 
timely treatment for any potential complication.

CATEGORIZING COMPLEX CASES
Complications after laser vision correction can range from 

minor ocular surface irritation to potentially blinding con-
ditions that require immediate treatment. Because long-term 
outcomes often hinge on the appropriateness and timeliness 
of initial treatment, the complex case management system 
provides resources to help optometrists and surgeons assess 
the urgency of each patient’s condition. Central to this effort 
is a standardized classifi cation scheme that categorizes com-
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plications by their severity and the timeframe in which 
they should be treated (Table). 

By helping to ensure that complications are ad-
dressed with the appropriate urgency, this classifi ca-
tion scheme can be a useful tool for guiding clinical 
management. Because the complex case management 
system deals with any complication experienced by 
an Optical Express patient, not just refractive surgery 
complications, this scheme includes a wide range of 
postoperative complications. 

Although all complications require careful treatment, 
the majority of complications are not vision threaten-
ing. Of the complications treated in the Optical Express 
complex case management system, 2.9% (0.01% of all 
eyes [N=300,000]) were categorized as grade A condi-
tions. Twenty-four percent of complex cases (0.11% of 
all eyes [N=300,000]) were categorized as grade B and 
73.1% of complex cases (0.33% of all eyes [N=300,000]) 
were grade C. The most common reasons for referral to 
the complex case management system are dry eyes that 
affect vision, residual myopia following laser vision 
correction, and overall patient dissatisfaction (Fig 1).

TREATMENT OF COMPLEX CASES
In addition to providing guidance that helps clini-

cians evaluate the severity of various complications, 
the complex case management system also offers a 
range of resources to treat these cases. Not only does 

this system ensure that patients receive care from ex-
pert clinicians, it also makes available complex case 
managers who communicate with the patient and the 
responsible clinicians on a regular basis, facilitate re-
ferrals, make appointments, and arrange transporta-
tion and accommodation as needed. These individu-
als provide a communication and logistics link that is 
important to the system and the patient.

Because each case is unique, the complex case man-
agement system offers multiple treatment pathways 
(Fig 2). Although the patient’s initial contact is gener-
ally an optometrist, the patient may subsequently be 
referred to either the treating surgeon, a surgeon who 
specializes in complication management, or an expert 
consultant outside of the Optical Express system.

When a patient presents with a problem, the optom-
etrist fi rst performs an evaluation and makes an initial 
assessment. If the problem is straightforward and falls 
within the scope of optometric practice, the optom-
etrist provides appropriate treatment. For example, 
a patient who has postoperative dry eye complaints 
after LASIK (with an otherwise normal examination) 
can often be managed successfully with standard dry 
eye therapies.

For more complex problems that may require ad-
vanced medical or even surgical management, the 
optometrist refers the patient to the treating surgeon 
and notifi es a complex case manager about the case. 

TABLE

Classification Scheme of the Complex Case Management System
Grade Complication Examples

Grade A - Emergency  Visually disabling conditions that require immediate 
management. The risk of disability increases rapidly 
with time.

• Microbial keratitis 
• Severe DLK
• Displaced flap
• Retinal detachment
• Flat anterior chamber/wound leak
• Pupillary block glaucoma (IOP �30 mmHg)

Grade B - Urgent Visually disabling conditions that require urgent man-
agement (within 2 to 3 days).

• Visually significant flap striae 
• Progressive epithelial ingrowth (visually significant or
   with flap melt) 
• Wound leak with formed anterior chamber 
• Displaced IOL 
• Visually significant cystoid macular edema 
• Loss of �2 lines BSCVA at 3 months or
   later due to a progressive condition

Grade C - Not Urgent Other non-emergency and nonprogressive visually
disabling conditions, or symptoms that cannot be
managed by local optometrist and are not due to
conditions listed in categories A or B.

• Quality or clarity of vision symptoms, such as glare,
   halos, and/or difficulty driving, at 3 months or later 
• Decrease in BSCVA of �2 lines at 3 months or later 
• Unsatisfactory refractive or visual outcome 
• Severe dry eye complaints and/or persistent punctu-
   ate epithelial erosions not responsive to conventional
   treatment 
• Other nonprogressive ocular or visual conditions or
   symptoms

DLK = diffuse lamellar keratitis, IOP = intraocular pressure, IOL = intraocular lens, BSCVA = best spectacle-corrected visual acuity
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Because multiple clinicians may become involved in 
providing care for complex cases, the complex case 
manager serves as a communication link between the 
patient and the clinicians involved in the case. The 
complex case manager tracks and records the relevant 
details of every case and oversees all of the logistics 
related to the patient’s care. 

The treating surgeon then evaluates the patient and 
either treats the patient personally or refers the patient to 
an appropriate sub-specialist. In most cases, the treating 
surgeon provides the necessary treatment. For example, 
a patient with visually signifi cant fl ap striae could be 
treated by relifting and repositioning the fl ap.  

In some circumstances, the surgeon may need to 
refer the patient to a regional complex case surgeon. 
These individuals specialize in managing rare compli-
cations, such as ectasia after laser vision correction, 
and they have access to equipment and resources that 
are not available at every laser center. For example, 
these individuals can use specialized diagnostic in-

struments such as anterior segment optical coherence 
tomography to perform a more in-depth examination 
of a patient, and they also have the resources to per-
form advanced surgical procedures such as collagen 
cross-linking, premium intraocular lens implantation, 
or topography-guided laser retreatment.

Alternatively, if the treating surgeon believes that 
the case is particularly serious or falls outside his or 
her areas of expertise, he or she may immediately refer 
the patient to an external consultant. For example, a 
patient with a macula-off retinal detachment may need 
immediate care by a retina specialist. The complex 
case management system has consulting arrangements 
in place to facilitate such outside referrals.  

Once the complication has been stabilized or resolved, 
the patient is referred back to the normal Optical Express 
system for any remaining follow-up care. Although the 
patient is now back in the regular patient care system, 
the optometrist and surgeon remain in regular contact 
with each other and with the complex case manager. 

Figure 1. Patients are referred to the com-
plex case management system for a variety 
of reasons, including postoperative dry 
eye, residual myopia, and overall patient 
dissatisfaction (N=1363 eyes). LVC = 
laser vision correction, DLK = diffuse 
lamellar keratitis, BCVA = best spectacle-
corrected visual acuity
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Throughout this process, communication takes 
place in many ways. The complex case manager is 
available through a direct telephone link as well as 
an internal e-mail system that can be accessed by all 
optometrists and surgeons. The medical director and 
the complex case manager also discuss new and exist-
ing cases in detail during telephone conference calls 
that take place on a weekly basis. A summary report is 
composed by the complex case manager ahead of this 
weekly conference call. 

CASE STUDY: A PATIENT WITH ECTASIA AFTER LASIK
To see how the complex case management system 

works in practice, the following case study is present-
ed. Note that the care provided by the complex case 
management system allowed the patient to ultimately 
achieve a good outcome, even after experiencing a seri-
ous complication.

A 34-year-old man underwent uneventful bilateral 
LASIK in May 2006. The patient’s medical, ocular, and 
family history was unremarkable. The preoperative 
manifest refraction was �3.00 �1.75 � 095 with a best 
spectacle-corrected visual acuity (BSCVA) of 20/15 in 
the right eye and �4.75 �2.00 � 095 with a BSCVA of 
20/15 in the left eye. Over 2 years of documentation 
confi rmed refractive stability.

Keratometry was 43.50/45.50 diopters [D] @ 010 in 
the right eye and 45.00/46.50 D @ 176 in the left eye. 
The preoperative corneal shape (Orbscan; Bausch & 
Lomb, Rochester, NY) was assessed to be normal in 
both eyes. Ultrasound pachymetry measured corneal 
thickness as 563 µm in the right eye and 560 µm in the 
left eye.  

The IntraLase FS-60 (Abbott Medical Optics [AMO]; 
Santa Ana, Calif) was used to create a 9.0-mm diameter 
fl ap with a planned fl ap thickness of 120 µm in both 
eyes. A standard ablation treatment was performed 
with a VISX S4 IR excimer laser (AMO); the maximum 
ablation depth was 57 µm in the right eye and 81 µm 

in the left eye. Based on this ablation depth and the 
preoperative corneal thickness measurements, the es-
timated residual stromal bed thickness was 383 µm in 
the right eye and 362 µm in the left eye. 

The patient had a normal postoperative recovery 
with follow-up care provided at standard intervals 
by the patient’s local Optical Express optometrist. 
At 12-month postoperative follow-up, an increase in 
astigmatism was noted in both eyes. A reduction in 
uncorrected visual acuity (UCVA) and a slight reduc-
tion in BSCVA were also observed in the left eye. At 
this examination, the UCVA was 20/20 in the right eye 
and 20/60 in the left eye. The manifest refraction was 
�0.75 �2.00 � 050 with a BSCVA of 20/12-2 in the 
right eye and �0.25 �2.50 � 130 with a BSCVA of 
20/20+1 in the left eye.  

Suspecting ectasia, the optometrist referred the pa-
tient back to the treating surgeon and notifi ed the com-
plex case manager. The surgeon confi rmed the diag-
nosis of postoperative LASIK ectasia, worse in the left 
eye than the right eye (Fig 3). The patient was referred 
into the complex case system for further management.

As the fi rst step in managing this complication, the 
complex case manager discussed the case with both the 
referring surgeon and complex case surgeon. The com-
plex case manager assigned to this patient was an optom-
etrist with many years of experience managing complex 
refractive surgery patients, and the complex case surgeon 
was an experienced refractive and intraocular surgeon 
with expertise in the tertiary management of corneal dis-
eases, including ectasia after laser vision correction. 

After a full discussion of the patient’s condition and 
the proposed treatment plan, the complex case manager 
contacted the patient. In addition to arranging an initial 
appointment with a specialist surgeon, the complex case 
manager used this opportunity to reassure the patient, 
answer any questions the patient might have had, and 
provide e-mail and mobile phone contact information 
in case the patient had any questions between clinical 

Figure 2. Depending on the severity of 
the complication, patients referred to the 
complex case system may receive care 
from an optometrist, the treating surgeon, 
a regional complex case surgeon, or an 
external consultant. 
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appointments. For patients with a complicated postop-
erative course who are likely to be apprehensive, this 
immediate attention, support, and reassurance may be 
as important as the clinical care rendered.

After entering the complex case management sys-
tem, the patient was followed closely by the complex 
case manager and the patient management team for 
a period of 3 months, during which time the inferior 
steepening and astigmatism in the left eye progressed. 
In October 2007, the refraction in the left eye was 
plano �4.00 � 103 with UCVA of 20/80 and BSCVA 
of 20/25. To halt further progression, a collagen cross-
linking procedure was performed in the left eye 17 
months after the primary LASIK procedure.1-3

Over the ensuing year, close follow-up care was 
provided by the complex case team and the patient’s 
local optometrist. Residual refractive error in both eyes 
was managed with spectacles and contact lenses. No 
further progression of ectasia was noted in the left eye, 
and BSCVA improved to 20/20.

In December 2008, 14 months after the collagen cross-
linking procedure, the complex case surgeon corrected 
the residual refractive error of plano �4.25 � 085 by im-
planting an Artisan toric lens (Ophtec BV, Groningen, 
Netherlands).4-7 The patient noticed immediate visual 
improvement, and UCVA was 20/32 on the fi rst postop-

erative examination following lens implantation. Two 
months after phakic IOL implantation, the left eye had 
achieved UCVA of 20/20, with a manifest refraction of 
�0.25 �1.25 � 140 and BSCVA of 20/15. 

As of this writing, this patient is continuing to re-
ceive follow-up care by his local optometrist. The 
optometrist regularly reports the patient’s progress to 
the complex case team, and the complex case manager 
maintains regular communication with the patient. 
Because the right eye is also showing signs of progres-
sive postoperative LASIK ectasia, a second collagen 
cross-linking procedure is planned. 

BENEFITS OF THE COMPLEX CASE SYSTEM
As this example shows, the complex case manage-

ment system quickly and effectively provides the 
appropriate level of care for each patient and ensures that 
the patient is tracked and followed until the complica-
tion has been resolved. Although the effective and rapid 
provision of clinical care is the most obvious element 
of this system—and arguably, the most important—this 
system also provides other important benefi ts. 

By offering a detailed and well-coordinated protocol 
for continuous communication between the patient, 
clinical providers, and complex case manager, this sys-
tem ensures that patients believe they are receiving ap-

Figure 3. In this case, Pentacam (Oculus Optikgeräte, Wetzlar, Germany) images taken 1 year after LASIK revealed ectasia that was worse in the A) left 
eye than the B) right eye. In the left eye, the sagittal curvature map shows an 11.00-D difference in superior-inferior K readings, as well as an abnormal 
K reading (51.30 D). The abnormal anterior elevation map (apex �32 µm) corresponds with the abnormal posterior elevation map (apex �49 µm). The 
thinnest point on the pachymetry map is 466 µm. In the right eye, the superior-inferior difference in K readings is 6.00 D, with the anterior elevation 
map showing an apex �31 µm and the posterior elevation map showing an apex �36 µm. The thinnest point on the pachymetry map is 512 µm.

A B
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propriate attention and the best possible care for their 
condition. Given that these patients are likely to be anx-
ious, this dedicated communication is a key element in 
maintaining patient satisfaction. In fact, many of these 
patients become ambassadors for the practice following 
completion of their care, regardless of their complica-
tion, because of the care and attention they received.
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ABSTRACT

PURPOSE: To describe the process used by Optical 
Express, a large corporate refractive surgery provider, to 
develop evidence-based patient selection guidelines for 
laser vision correction.

METHODS: The evaluation of patient selection criteria 
for laser vision correction is part of a larger corporate 
process of continuous quality improvement and clinical 
due diligence. The procedures used to evaluate patient 
selection criteria are described in detail and the ben-
efi ts of this process are explained. The criterion review 
process involves the company’s International Medical 
Advisory Board (IMAB) and includes an evaluation of the 
published literature and analyses generated from the 
large Optical Express clinical outcomes database. This 
article offers a case study in which the IMAB used the 
criterion review process to examine the upper limit for 
estimated postoperative keratometry in hyperopic laser 
vision correction.

RESULTS: The patient selection criteria undergo con-
tinuous scrutiny and are modifi ed whenever medical evi-
dence indicates that change is appropriate. 

CONCLUSIONS: Using an established protocol for re-
viewing patient selection criteria, Optical Express con-
tinuously measures its patient selection criteria against 
both external (published) and internal data sources. This 
process ensures that decisions about patients’ suitability 
for surgery are based on the best-available current med-
ical evidence. [J Refract Surg. 2009;25:S661-S667.]
doi:10.3928/1081597X-20090611-07

A lthough most people with refractive error can safely 
undergo laser vision correction, a subset of individ-
uals who present for the procedure are not suitable 

candidates. To achieve consistently good outcomes while 
minimizing the risk of complications, refractive surgery pro-
viders must decide which patients to approve for surgery and 
which to guide towards alternative treatments. The ultimate 
determination of suitability for surgery is made by the oper-
ating surgeon. A multifaceted process, this decision includes 
a consideration of data generated in the patient’s ocular ex-
amination, an assessment of the patient’s medical health, and 
a determination that the patient can make an informed deci-
sion based on realistic expectations.

THE EVOLUTION OF PATIENT SELECTION CRITERIA
Typically, eye care providers base patient selection deci-

sions on community standards that have evolved over time. 
These standards represent a set of informal selection criteria 
to which most clinicians in the fi eld adhere. Although some 
of these standards are based on rigorous clinical studies, 
many are derived from less methodically scrutinized sources, 
including case reports, studies with small sample sizes, or 
medical reasoning.

In the absence of strong evidentiary support, many sur-
geons apply these community standards conservatively. Al-
though it may seem reasonable to exclude from surgery ev-
ery patient who is outside of today’s community standards, 
these standards may unnecessarily disqualify individuals 
who could be treated safely and would benefi t from the life-
changing experience of laser vision correction. Conversely, 
there may be community standards that unnecessarily expose 
patients to risk.



Commercially Sponsored Section journalofrefractivesurgery.comS662

Patient Selection for Laser Vision Correction/Brown

Optical Express, Europe’s largest provider of laser 
vision correction, recently established a systematic 
process for reviewing patient selection guidelines 
(Table 1). Applied on an ongoing basis, this process en-
gages Optical Express’ International Medical Advisory 
Board (IMAB) to perform a comprehensive review 
of patient selection guidelines based on a thorough 
review of the available literature (including regula-
tory and organizational guidance) and analysis of the 
Optical Express database. 

DEVELOPING A STRUCTURED REVIEW PROCESS
In determining whether a patient is a suitable candi-

date for laser vision correction, eye care providers must 
consider a number of factors: the nature, degree, and 
stability of the refractive error; corneal shape, thick-
ness, and topography; the health of the ocular surface; 
and the presence of any systemic medical conditions 
or ocular pathology. Because clinical fi ndings related 
to any one of these factors may make a patient unsuit-
able for surgery, patient selection guidelines must ad-
dress a wide range of criteria.

For each selection criterion, the Optical Express re-
view process begins by evaluating the current guideline 
in the context of its scientifi c basis or origin. In many 
cases, the IMAB will judge the current criterion to be 
well supported, in which case the standard can be ac-
cepted without further review. In other cases, the cur-
rent standard simply refl ects a previously established 
medical consensus, and further review is needed.

After identifying the guidelines that are well sup-
ported, an assessment of the remaining guidelines is 
then conducted. The relative risk and benefi t of per-
forming laser vision correction in patients with vari-

ous preoperative conditions is carefully considered, as 
is the community incidence of the condition or clini-
cal issue under review. 

In the most recent IMAB review session, this initial 
screening process revealed a total of 17 guidelines that 
required in-depth review (Table 2).

REVIEWING AVAILABLE DATA
For each criterion, the next step of the process in-

volves a comprehensive review of laser vision correc-
tion literature published in the English language. For 
the latest review, the PubMed literature search engine 
was employed using the following search terms: laser 
in situ keratomileusis, LASIK, photorefractive keratec-
tomy, PRK, LASEK, and epi-LASIK, in combination 
with other search terms related to each particular issue 
being studied (eg, autoimmune, rheumatoid, collagen 
vascular, Crohns, Lupus, etc). 

This initial search yielded a total of 1486 citations 
related to the 17 guidelines being considered. Encom-
passing the vast spectrum of published literature, these 
citations included human clinical trials, case reports, 
letters, and editorials. 

The citation titles were then reviewed and abstracts 
were obtained for those titles that appeared to have 
relevance to surgical suitability. After 139 abstracts 
were reviewed, 63 full text articles were obtained and 
deemed sentinel for this evaluation. These 63 articles 
were then subdivided based on the criterion to which 
each article applied (see Appendix). 

The IMAB next examined other evidence related 
to each suitability criterion. This evidence included 
device labeling and the summary of safety and effec-
tiveness reports from the US Food and Drug Adminis-
tration (FDA), as well as position statements from the 
European and American Societies of Cataract and Re-
fractive Surgery, the American Academy of Ophthal-
mology, the Royal College of Ophthalmologists, and 
the American Optometric Association.

For certain patient selection criteria, an analysis of 
the Optical Express clinical outcomes database was 
also performed to provide additional information. The 
large sample size available in this database provided a 
high degree of statistical power even for low-incidence 
conditions.

To illustrate the strength of the Optical Express data, 
consider the amount of information available regarding 
clinical outcomes for hyperopic LASIK. The literature 
review for this topic included 16 sentinel reports with 
a combined total of 3504 eyes; the average sample size 
in these studies was 219 eyes. The FDA clinical trial of 
wavefront-guided LASIK with the VISX laser (Abbott 
Medical Optics, Santa Ana, Calif) consisted of 131 eyes. 

TABLE 1

Process for Evaluating Patient 
Selection Guidelines

Current Optical Express standard

Basis of the current Optical Express standard

Number of patients deemed unsuitable each year based on the 
standard

Potential concerns/risks

Literature search

Regulatory/organizational guidance

Optical Express experience/data

IMAB discussion (risk vs benefit)

IMAB consensus

IMAB = International Medical Advisory Board
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In contrast, the Optical Express database included out-
comes on 5099 treated eyes, a sample size that allowed 
for analyses of high statistical power (Table 3).

After careful consideration of all of this information, 
proposed changes (if any) to the existing patient se-
lection criteria are drafted, thoroughly discussed, and 
voted on by the IMAB. A unanimous vote is required 
to change a guideline. 

AN EXAMPLE OF THE REVIEW PROCESS
During the latest review meeting, one of the patient 

selection criteria the IMAB evaluated was the maxi-
mum safe value for estimated postoperative keratom-

etry following hyperopic LASIK. The previous Optical 
Express guideline for this criterion, which was based 
on the current medical consensus, limited estimated 
postoperative keratometry to a maximum value of 
48.00 diopters (D) in the steepest meridian.

The initial literature search for relevant articles 
yielded 137 citations. A review of abstracts produced 6 
full articles with direct clinical relevance to this topic, 
with sample sizes in these articles ranging from 43 to 
376 eyes. The conclusions of the articles were mixed, 
with some studies showing a correlation between out-
comes and pre- or postoperative keratometry and oth-
ers showing no association.

TABLE 2

Guidelines Recently Reviewed by the Optical Express 
International Medical Advisory Board

Guidelines Previous Criteria Revised Criteria

Maximum sphere for hyperopic LASIK �5.00 D �4.50 D

Maximum estimated postoperative 
keratometry for hyperopic correction

48.00 D 50.00 D

Minimum preoperative pachymetry for LASIK 500 µm 480 µm

Low refractive error Treatment provides demonstrated benefit No change

Use reading glasses only Treatment provides demonstrated benefit No change

Refractive stability definition Sphere and cylinder change is �0.50 D over 
the past 12 months, regardless of type of 

refractive error

Use algorithm that accounts for type of 
refractive error, magnitude and direction of 
change, time interval of change and effects 

of accommodation

Amblyopia No treatment of “good” eye if best spectacle-
corrected visual acuity of amblyopic eye is 

20/40 or worse

No change

Autoimmune conditions No treatment Treatable if stable, well-controlled with letter 
from patient’s general practitioner; no ocular 

involvement or dry eye

Glaucoma No treatment No change

Ocular hypertension/glaucoma suspect Treatable if condition is stable and 
well controlled

No change

Nystagmus Surgeon discretion No change

Diabetes No treatment of type 1 diabetics Treatable with stable type 1 or type 2 
diabetics

Tamoxifen No treatment Treatable if stable, well-controlled medical 
condition with letter from patient’s general 

practitioner; no ocular involvement or dry eye

Methotrexate No treatment Treatable if stable, well-controlled medical 
condition with letter from patient’s general 

practitioner; no ocular involvement or dry eye

Epilepsy No treatment if there has been a seizure 
within 12 months

Treatable if well controlled and seizure-free 
for the past 3 months

Cancer No treatment for patients with terminal or 
metastatic cancer

Case-by-case basis; weigh patient’s general 
health against potential quality of life benefit 

of surgery

Pacemaker No treatment Surgeon discretion
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One article of particular interest to the IMAB was a 
study by Williams et al,1 which found that preopera-
tive keratometry �44.00 D following hyperopic LASIK 
was associated with an increased incidence of loss of 
best spectacle-corrected visual acuity and decreased 
patient satisfaction. The sample size of this study was 
49 eyes.

In addition to the literature search, other sources of 
data also informed the IMAB’s deliberation. Food and 
Drug Administration guidance related to hyperopic 
LASIK states that safety and effectiveness of hyper-
opic corrections have not been established if the an-
ticipated postoperative keratometry is �50.00 D in any 
meridian. Guidance provided by the American Academy 
of Ophthalmology likewise states that postoperative 
keratometry steeper than 49.00 to 50.00 D may be as-
sociated with quality of vision problems.

To further evaluate the association between post-
operative keratometry and visual outcomes, an analy-
sis of Optical Express clinical outcomes data (n=1695 
eyes) was performed.2 The large sample size available 
for this analysis allowed sub-analyses of single vari-
ables while controlling for other variables (specifi cally, 
preoperative keratometry and the degree of spherical 
correction, both of which are related to postoperative 
keratometry). The conclusion of this analysis was that 

preoperative sphere is the dominant determinant of 
visual outcomes after hyperopic LASIK, and that post-
operative keratometry was not associated with adverse 
outcomes.

Based on a review of all the clinical data and other 
information available, the IMAB voted unanimously to 
increase the selection criterion for estimated postoper-
ative keratometry to 50.00 D in the steepest meridian.

SETTING EVIDENCE-BASED 
PATIENT SELECTION CRITERIA

Using this system for each patient selection crite-
rion under review, the IMAB recently modifi ed 11 of 
the 17 guidelines they considered. Some criteria were 
replaced with more restrictive guidelines, whereas 
others were replaced with guidelines that expanded 
the indications for laser vision correction. Whatever 
the outcome, all of these changes were supported by 
a rigorous, evidence-based, scientifi c review process 
performed by a panel of refractive surgery experts.

CONCLUSION
By using evidence-based selection criteria to evalu-

ate each patient’s suitability for laser vision correction, 
eye care professionals can have greater confi dence in 
the scientifi c foundation supporting their recommen-
dations. A systematic process such as the one described 
herein represents a valuable tool to help surgeons im-
prove patient selection—that is, more confi dently offer 
a life-enhancing treatment to patients who can safely 
undergo laser vision correction while steering others 
toward alternative treatment options. 
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APPENDIX

List of articles considered by the Optical Express International Medical Advisory Board during a recent 
review of patient selection criteria
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 Barequet IS, Wygnanski-Jaffe T, Hirsh A. Laser in situ keratomileusis improves visual acuity in some adult eyes with amblyopia. 

J Refract Surg. 2004;20:25-28.

 Levenger S, Nemet P, Hirsh A, Kremer I, Nemet A. Refractive eye surgery in treating functional amblyopia in children. Binocul Vis 
Strabismus Q. 2006;21:231-234.

 Sakatani K, Jabbur NS, O’Brien TP. Improvement in best corrected visual acuity in amblyopic adult eyes after laser in situ keratomi-
leusis. J Cataract Refract Surg. 2004;30:2517-2521.
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diseases: a pilot study. Ophthalmology. 2005;112:1948-1954. 

 Cobo-Soriano R, Beltrán J, Baviera J. LASIK outcomes in patients with underlying systemic contraindications: a preliminary study. 
Ophthalmology. 2006;113:1118-1124.
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ABSTRACT

PURPOSE: To compare the visual outcomes of LASIK 
procedures in which fl aps were created with a femto-
second laser (IntraLase FS 60Hz, Abbott Medical Optics 
[AMO]) to procedures in which fl aps were created with a 
mechanical microkeratome (Moria Evo3 One Use-Plus, 
Moria SA).

METHODS: A retrospective analysis was performed on 
2000 eyes treated in 2008 for low myopia and astigma-
tism (sphere ��3.00 diopters [D]; cylinder ��0.75 D). 
The fi rst 1000 consecutive eyes that had LASIK fl aps 
created with a femtosecond laser were compared with 
the fi rst 1000 consecutive eyes that had fl aps created 
with a mechanical microkeratome. All eyes received 
wavefront-guided LASIK treatments performed with a 
VISX S4 IR Advanced CustomVue excimer laser (AMO). 
Refractive predictability, change in mean spherical 
equivalent refraction, postoperative uncorrected visual 
acuity (UCVA), and loss of best spectacle-corrected visual 
acuity (BSCVA) were compared at 1 day, 1 week, 1 
month, and 3 months following surgery.

RESULTS: The refractive accuracy was the same for both 
groups. At all time points measured, the percentage of 
eyes that achieved a postoperative UCVA of 20/20 or 
better was signifi cantly higher in the femtosecond la-
ser group than in the mechanical keratome group. Also, 
a higher percentage of eyes in the femtosecond laser 
group achieved a postoperative UCVA of 20/16 at 3 
months. Finally, a lower percentage of eyes in the fem-
tosecond laser group lost two or more lines of BSCVA at 
1 week and 1 month postoperative.

CONCLUSIONS: Creating LASIK fl aps with the fem-
tosecond laser resulted in faster visual recovery and 
better UCVA. [J Refract Surg. 2009;25:S668-S671.] 
doi:10.3928/1081597X-20090611-08

C ompared to a fl ap created with a mechanical micro-
keratome, a femtosecond laser fl ap offers several po-
tential advantages: more uniform fl ap thicknesses, 

customizable fl ap diameter and hinge position, smoother stro-
mal beds, and lower rates of fl ap creation complications. How-
ever, mechanical keratomes have a long track record of safety, 
and they cost signifi cantly less than a femtosecond laser.  

A few published reports have compared these two com-
peting techniques, but the results of these studies have been 
mixed.1-4 Some studies have shown equivalency between 
the femtosecond laser and the mechanical keratome where-
as other studies have reported improved visual results with 
the femtosecond laser.1-4 The current study was designed to 
determine whether use of different fl ap creation techniques 
yields differences in visual outcomes and visual recovery.

PATIENTS AND METHODS
Data for this study were taken from patient records extracted 

from the Optical Express 2008 clinical database. For both the 
mechanical microkeratome and femtosecond laser groups, the 
fi rst 1000 consecutive eyes that met the following conditions 
were included in the study: 1) preoperative myopia ��3.00 
diopters (D), 2) preoperative cylinder ��0.75 D, 3) target re-
fraction of emmetropia, 4) primary wavefront-guided abla-
tion, and 5) 3-month examination data available.

The femtosecond laser fl aps were created using an IntraLase 
FS-60 femtosecond laser (Abbott Medical Optics, Santa Ana, 
Calif), and the mechanical microkeratome fl aps were created 
using the disposable Moria Evo3 One Use-Plus (Moria SA, 
Antony, France). The femtosecond laser fl ap diameter varied 
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from 8.4 to 9.2 mm, with a programmed ablation depth 
between 100 and 120 µm (median=110 µm). The 130-µm 
head was used for the mechanical microkeratome. 
Patients were educated about both methods of fl ap 
creation and selected the one they preferred for their 
procedure. The wavefront-guided treatments were per-
formed using a VISX STAR S4 IR Advanced CustomVue 
excimer laser (AMO) with an optical zone of 6.0 mm 
and transition zone of 8.0 mm. Postoperative examina-
tions were conducted by Optical Express optometrists 
who were unaware of the method of fl ap creation.

Demographic and other preoperative parameters 
were analyzed to ensure that the groups were well 
matched. Refractive predictability, change in mean 
spherical equivalent refraction, postoperative uncor-
rected visual acuity (UCVA), and loss of best spec-
tacle-corrected visual acuity (BSCVA) were compared 
at 1-day, 1-week, 1-month, and 3-month follow-up. 
Visual acuity was measured at each visit using a pro-
jected eye chart.

Tabulations of data and statistics were performed 
with SAS 9.1 (SAS Institute Inc, Cary, NC) and Micro-
soft Offi ce Excel 7.0 (Microsoft, Redmond, Wash).

RESULTS
The two groups were well matched in terms of gender, 

sphere, cylinder, mean spherical equivalent refraction, 
and pupil size (Table 1). The mean preoperative sphere 
was �1.92 D for the femtosecond laser group and �1.88 
D for the mechanical microkeratome group; the mean cyl-
inder was �0.38 D for the femtosecond laser group and 
�0.37 D for the mechanical microkeratome group. A small 
difference in mean age was noted between groups (femto-
second laser: 37.2 years; mechanical keratome: 35.6 years), 

but this difference was not deemed clinically relevant.
Both groups achieved similar refractive predictabil-

ity results. The percentage of eyes with a postopera-
tive mean spherical equivalent refraction within 0.50 
D of the target was high in both groups and similar at 
all follow-up examinations (Fig 1). Both groups also 
achieved similar levels of refractive stability, with eyes 
in both groups remaining close to plano from the 1-day 
follow-up through the 3-month follow-up (Fig 2).

Although refractive results were similar, a signifi -
cant difference was observed in the percentage of eyes 
that achieved a postoperative UCVA of 20/20 or bet-
ter (Table 2). At 1-day follow-up, 88.6% of eyes in the 
femtosecond laser group achieved UCVA of 20/20, 
compared to 83.2% of eyes in the mechanical micro-
keratome group (P=.0005). Both groups showed im-
provement with continued follow-up, but a higher 
percentage of eyes in the femtosecond laser group 
achieved 20/20 UCVA at each time point (Fig 3). 

In addition to achieving faster visual recovery im-
mediately after surgery, eyes in the femtosecond laser 
group also achieved signifi cantly better 3-month 
UCVA (one-way analysis of variance, P=.0058). At 
3-month follow-up, 78% of eyes in the femtosecond 
laser group achieved UCVA of 20/16 or better, com-
pared to 70% of eyes in the mechanical microkera-
tome group (Fig 4). 

Fewer eyes in the femtosecond laser group experienced 
a loss of two or more lines of BSCVA in the early post-
operative period. At 1-week postoperative, only 0.9% of 
eyes in the femtosecond laser group had lost two or more 
lines of BSCVA, compared to 2.8% in the mechanical 
microkeratome group (Fig 5). By 3 months postoperative-
ly, however, both groups showed similar results. 

TABLE 1

Demographic and Preoperative Parameters in Eyes That Underwent LASIK Flap 
Creation With a Femtosecond Laser or Mechanical Microkeratome

Mean�Standard Deviation (Range)

Parameter
Femtosecond Laser

(n=1000 eyes)
Mechanical Microkeratome 

(n=1000 eyes) P Value*

Male/female (%) 31/69 28/72 .3796

Age (y) 37.3�10.8 (18 to 69) 35.6�10.0 (18 to 65) .0019

Sphere (D) �1.92�0.69 (�0.25 to �3.00) �1.88�0.69 (�0.25 to �3.00) .1748

Cylinder (D) �0.38�0.25 (�0.75 to 0.00) �0.37�0.26 (�0.75 to 0.00) .4142

MSE (D) �2.11�0.69 (�0.50 to �3.38) �2.07�0.69 (�0.50 to �3.38) .1332

Pupil size (mm) 6.3�1.1 (3.0 to 9.0) 6.3�1.0 (3.0 to 9.0) .2095

MSE = mean spherical equivalent refraction
*For continuous variables, a two-sample t test was used to measure significance. For categorical variables, a chi-square test was used. All assumptions were 
met for these respective tests.
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DISCUSSION 
As this study shows, the femtosecond laser signifi -

cantly improves both the speed of visual recovery as 
well as UCVA through 3 months postoperative. This 
improvement occurred despite similar refractive pre-
dictability in both the femtosecond laser group and 
mechanical microkeratome group. Thus, the improved 
UCVA was not due to residual refractive error in the 
mechanical microkeratome group.

The percentage of eyes that experienced a loss of 
two or more lines of BSCVA at 1 week postoperative 
was three times higher in the mechanical microkera-
tome group compared to the femtosecond laser group. 
Although this difference disappeared by 3 months 
postoperative, the initial disparity further indicates a 
faster visual recovery when fl aps are created with the 
femtosecond laser. 

Given that most patients prefer LASIK over surface 
ablation in part because LASIK offers a more rapid im-
provement in vision, the enhanced speed of visual re-

covery after a femtosecond laser procedure represents 
a signifi cant advantage. Speed of visual recovery also 
has implications for when patients can return to work 
after surgery, particularly for patients who have jobs 
that require excellent vision, such as aviators.

The results of previous studies comparing the out-
comes of femtosecond laser LASIK with mechanical 
keratome procedures have been varied. A study by 
Patel et al1 examined 21 patients who had a femto-
second laser fl ap created in one eye and a mechanical 
microkeratome fl ap created in the other eye, and they 
found that the method of fl ap creation did not affect 
visual outcomes. Similarly, Lim et al2 (n=55 eyes) and 
Kezirian and Stonecipher3 (n=375 eyes) concluded 
that use of a femtosecond laser failed to produce any 
statistically signifi cant difference in postoperative 
UCVA at 3 months postoperative. In contrast, Durrie 
and Kezirian4 (n=102 eyes) reported that the femtosec-
ond laser–created fl aps produced a statistically better 
UCVA. Several reasons for these different results are 

Figure 1. Efficacy. A high percentage of eyes achieved a mean spherical 
equivalent refraction within 0.50 D of the intended refraction at all time 
points following surgery.

Ey
es

Follow-up

Figure 2. Refractive stability. Eyes in both the femtosecond laser group 
and mechanical microkeratome group achieved high levels of refractive 
stability from 1-day follow-up through 3-month follow-up.

TABLE 2

Percent of Eyes Achieving 20/20 Uncorrected Visual Acuity After LASIK With the 
Femtosecond Laser or Mechanical Microkeratome

Percentage of Eyes

Time point
Femtosecond

Laser
Mechanical 

Microkeratome Difference P Value*

1 day 88.6 83.2 5.4  .0005

1 week 92.6 85.9 6.7  �.0001

1 month 95.5 93.0 2.5  .0166

3 months 96.0 93.5 2.5  .0098

*Chi-square test.
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possible, including the relatively small sample sizes of 
these studies, which may be partially responsible for 
their lack of agreement.

Although the retrospective nature of the current 
study is a drawback, the study design also has several 
strengths. The large sample size (2000 well-matched 
eyes) allowed for statistically valid conclusions; lim-
iting the study to consecutive treatments minimized 
selection bias. Also, the limits on preoperative myo-
pia and cylinder reduced the confounding infl uence 
of unpredictable clinical results that can occur when 
treating higher levels of ametropia. In addition, all 
treatments were performed in 2008 using the latest 
technology and the same wavefront-guided ablation 
profi le, therefore the study is representative of modern 
clinical practice.

Because this study was intentionally confi ned to eyes 
with low preoperative myopia and cylinder, it cannot 
predict results for hyperopia or high myopia treatment. 
Nonetheless, clinical reasoning suggests that similar re-
sults would be expected for a wide range of ametropia.

Although it is not readily apparent why the femtosec-
ond laser improves visual outcomes, several possible 
explanations include the more predictable planar fl ap, 
more accurate repositioning of the fl ap at the end of the 
procedure, and/or improved smoothness of the stromal 
bed. Particularly for procedures that use complex ab-
lation patterns, such as wavefront-guided treatments, 
minimizing stromal bed imperfections and maximiz-
ing the predictability of the fl ap dimensions may help 
in achieving optimal results. 
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Figure 3. Percentage of eyes that achieved uncorrected visual acuity of 
20/20 or better was higher for the femtosecond laser group at all time 
points.
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Figure 4. A higher percentage of eyes in the femtosecond laser group 
achieved uncorrected visual acuity of 20/16 at 3-month follow-up.
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Figure 5. Loss of 2 or more lines of best spectacle-corrected visual acu-
ity was greater in the mechanical microkeratome group at 1-week and 
1-month follow-up.
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ABSTRACT

PURPOSE: To determine whether preoperative, postop-
erative, or change in keratometry can be used to predict 
visual outcomes in hyperopic LASIK.

METHODS: A retrospective analysis was conducted on 
hyperopic eyes treated at Optical Express clinics. All 
eyes were targeted for emmetropia and treated using 
wavefront-guided LASIK (VISX S4, Abbott Medical Optics 
[AMO]), with fl aps created using a femtosecond laser 
(IntraLase FS-60 [AMO]). A total of 1659 consecutive 
eyes of 895 patients met the study inclusion criteria: 
preoperative sphere �1.00 diopter, complete 1-month 
follow-up data, and availability of pre- and postoperative 
keratometry measurements. Factors associated with 
1-month visual results were evaluated with multivariate 
analysis.

RESULTS: Preoperative sphere was strongly correlated 
with visual outcomes. Higher levels of correction were 
associated with a greater loss of best spectacle-cor-
rected visual acuity (BSCVA), a lower percentage of 
eyes achieving 20/20 BSCVA, and a lower percentage 
of eyes achieving 20/20 uncorrected visual acuity. For a 
given level of preoperative sphere, however, no statisti-
cally signifi cant correlation was observed between visual 
outcomes and either pre- or postoperative keratometry.

CONCLUSIONS: Preoperative, calculated postopera-
tive, or 1-month postoperative keratometry values do 
not correlate with visual acuity outcomes following 
hyperopic LASIK. [J Refract Surg. 2009;25:S672-S676.]
doi:10.3928/1081597X-20090611-09

S ome refractive surgeons have expressed concern that 
a relatively steep postoperative cornea following 
hyperopic LASIK may reduce the quality of outcomes. 

However, published studies examining the association be-
tween postoperative keratometry and visual outcomes yield 
confl icting results.1-6 One possible reason for these confl icting 
fi ndings is the covariance of postoperative keratometry with 
preoperative sphere. Specifi cally, higher levels of hyperopic 
correction typically result in steeper postoperative keratom-
etry, but larger corrections (due to high preoperative sphere 
values) also tend to result in poorer outcomes, irrespective of 
keratometry.

Therefore, to accurately assess how postoperative keratom-
etry affects visual outcomes, an analysis must differentiate 
the effect of a large sphere correction from the effect of a steep 
postoperative cornea. However, studies with limited sample 
sizes may lack the statistical power to discriminate between 
these two effects, and most of the available published reports 
include fewer than 150 eyes.

PATIENTS AND METHODS
A total of 2399 consecutive patients (4489 eyes) underwent 

hyperopic wavefront-guided LASIK with a target of emmetro-
pia from January 4, 2008 to June 6, 2008. All procedures were 
performed using the VISX S4 excimer laser platform (Abbott 
Medical Optics [AMO], Santa Ana, Calif), with LASIK fl aps 
created using the IntraLase FS-60 (AMO).

Of the 1533 patients who attended 1-month postoperative 
follow-up, 895 patients (1659 eyes, 38% of the initial cohort) 
met the study inclusion criteria: preoperative sphere �1.00 
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diopter (D) and availability of both pre- and postop-
erative keratometry measurements. Keratometry was 
measured by a trained technician using an automated 
device (auto-keratometer/tonometer RK-T 7770; NIDEK 
Co Ltd, Gamagori, Japan). The average of three read-
ings per eye was recorded.  

Pre- and postoperative keratometry were the inde-
pendent variables of interest. Other factors that could 
affect the visual outcome of hyperopic LASIK were also 
analyzed, including preoperative sphere and cylinder, 
temperature, humidity, laser fl uence during treatment, 
age, and gender.

Multiple logistic regression modeling was performed 
with SAS 9.1 (SAS Institute Inc, Cary, NC). To further 
control for the effect of preoperative sphere, eyes were 
subdivided into four groups based on the level of cor-
rection: �1.00 to ��2.00 D; �2.00 to ��3.00 D; �3.00 
to ��4.00 D; and ��4.00 D. The various independent 
effects were measured for statistical infl uence on the 
1-month visual outcomes of interest: percent of eyes 
that lost two or more lines of best spectacle-corrected 
vision (BSCVA), percent of eyes that achieved 20/20 
BSCVA, and percent of eyes that attained an uncor-
rected visual acuity (UCVA) of 20/20 or better.

RESULTS
Most preoperative parameters were the same for 

those patients who returned for the 1-month exami-
nation and for those who did not, as well as among 
patients who had pre- and postoperative keratometry 
measured and those who did not. However, a statisti-
cally signifi cant difference was noted in age and pre-
operative cylinder among those patients who returned 
for 1-month follow-up (age 51.7 years; preoperative 
cylinder 1.03 D) and those who did not (age 49.5 years; 
preoperative cylinder 1.18 D).

Average age of the 895 patients included in the 
study was 51.7 years (range: 18 to 70 years); 39% of 
patients were men and 61% were women. The mean 
treatment manifest sphere was �2.28�1.03 D (range: 

�1.00 to �5.50 D). The mean preoperative keratometry 
of the steepest axis (Kmax) was 43.50 D (range: 38.00 
to 48.00 D), and the mean postoperative Kmax was 
44.80 D (range: 38.00 to 52.00 D).

The most important factor infl uencing the postopera-
tive visual results was preoperative sphere. It signifi cant-
ly affected the percentage of eyes that lost two or more 
lines of BSCVA, attained 20/20 or better BSCVA, and 
achieved UCVA of at least 20/20 (P�.0001, P�.0001, 
and P�.0001, respectively). 

In a univariate analysis, postoperative Kmax signifi -
cantly infl uenced visual outcomes. However, when the 
appropriate statistical model was used to address the 
interaction between preoperative sphere and keratom-
etry, the statistical signifi cance of keratometry was lost. 
When preoperative sphere was held constant, no sig-
nifi cant correlation was observed between visual out-
comes and preoperative, postoperative, or change in 
Kmax (P=.1039, P=.1559, and P=.2947, respectively).

When analyses controlled for preoperative sphere, 
no signifi cant difference was noted between the post-
operative Kmax of eyes that lost two or more lines of 
BSCVA and those that did not (Table 1). Similarly, no 
difference was noted in the postoperative Kmax for 
eyes that achieved at least 20/20 BSCVA and those 
that did not (Table 2); postoperative Kmax also did not 
differ signifi cantly between eyes that achieved at least 
20/20 UCVA and those that did not (Table 3).

As can be seen in Figures 1-3, when patients were 
grouped by preoperative sphere values, increases in 
postoperative Kmax did not affect any of the visual 
outcomes measured.

DISCUSSION
In agreement with the results of the current study, 

several reports have found that postoperative keratom-
etry does not infl uence the visual outcome of hyper-
opic LASIK. In one study, Jin et al4 evaluated the safe-
ty, effi cacy, and stability of hyperopia in 139 eyes with 
a mean preoperative spherical equivalent refraction of 

TABLE 1

Maximum Keratometry Values at 1 Month for Eyes That Lost 2 or More Lines of 
Best Spectacle-corrected Visual Acuity (BSCVA)

Kmax (Mean�Standard Deviation [Range], D)

Preoperative Sphere (D) Loss of �2 lines of BSCVA No loss of �2 lines of BSCVA P Value

�1.00 to ��2.00 44.40�1.3 (41.75 to 45.50) 43.70�1.8 (39.75 to 52.00) .3295

�2.00 to ��3.00 44.80�1.7 (41.00 to 48.25) 44.60�1.5 (40.25 to 48.50) .5097

�3.00 to ��4.00 45.60�1.5 (43.00 to 48.25) 45.20�1.6 (40.25 to 49.25) .1496

��4.00 45.60�1.4 (39.50 to 48.50) 45.80�1.5 (42.00 to 49.00) .5585
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�2.39 D. Four eyes in this analysis had a postoperative 
keratometry �49.00 D, but none lost lines of BSCVA. 
Similarly, Tabbara et al6 analyzed 80 eyes with preopera-
tive sphere treatments ranging from �0.50 to �11.50 D. 
Postoperative keratometry in these eyes ranged from 
40.00 to 52.82 D, but none of the patients in the study 
reported symptoms relating to corneal steepness.

In the largest study previously reported, Cobo-Soriano 
et al5 performed a retrospective analysis of the visual 
outcomes of 376 eyes. Eyes with postoperative kera-
tometry readings �48.00 D were compared to eyes 
with keratometry �48.00 D, and these two groups were 
further subdivided into lower (�1.00 to �4.00 D) and 
higher (�4.10 to �7.90 D) levels of hyperopia. The re-
sults showed no signifi cant differences in visual out-
comes in patients with either steep or fl at postopera-
tive keratometry.

In contrast, some studies appear to show that kera-
tometry infl uences visual outcomes. Although Dit-
zen et al3 (N=43 eyes) found that a fl at cornea (radius 
�7.3 mm) led to greater regression and undercorrec-
tion, most studies that found a correlation between 
keratometry and visual outcomes observed worse out-
comes in steeper corneas. For example, Esquenazi and 
Mendoza2 published a retrospective study of 100 eyes 
and found a higher percentage of undercorrection in 

eyes with hyperopia ��4.00 D when the preoperative 
keratometry was �45.00 D. However, this study did 
not separate the effects of keratometry and preopera-
tive sphere.

Similarly, a study by Williams et al1 found that 
steeper preoperative keratometry correlated with poor-
er outcomes, but this analysis used a limited sample 
size (N=26 patients). Their study found that a greater 
loss of BSCVA was associated with preoperative kera-
tometry �44.00 D. Because of the small sample size, 
however, the analysis could be prone to sampling er-
rors. In fact, a surprisingly large number of eyes in the 
steeper-K group lost two or more lines of BSCVA (10 
[40%] of 25 eyes) compared to only 1 (4%) of 24 eyes 
in the low-K group. Such a high loss of BSCVA in the 
high-K group has not been previously reported.

In an effort to duplicate the results of Williams et 
al,1 a sub-analysis of the Optical Express data report-
ed above was performed. Eyes were divided into two 
groups based on preoperative keratometry—one group 
included patients with a preoperative Kmax �43.00 D 
(n=376) whereas the other group comprised patients 
with Kmax �44.00 D (n=741). (The remaining patients 
had Kmax between 43.00 and 44.00 D ([n=542]). Un-
like the Williams et al study, however, this sub-analy-
sis found no correlation between preoperative kera-

TABLE 2

Maximum Keratometry Values at 1 Month for Eyes With or Without 20/20 
Best Spectacle-corrected Visual Acuity (BSCVA)

Kmax (Mean�Standard Deviation [Range], D)

Preoperative Sphere (D) BSCVA Worse Than 20/20 BSCVA 20/20 or Better P Value

�1.00 to ��2.00 43.20�1.6 (40.50 to 45.00) 43.70�1.8 (39.75 to 52.00) .3371

�2.00 to ��3.00 44.60�1.6 (41.00 to 48.25) 44.60�1.5 (40.25 to 48.50) .8249

�3.00 to ��4.00 45.20�1.6 (41.75 to 48.25) 45.30�1.6 (40.25 to 49.25) .6428

��4.00 45.60�1.3 (39.50 to 48.50) 45.90�1.5 (42.00 to 49.00) .2914

TABLE 3

Maximum Keratometry Values for Eyes With or Without 20/20 
Uncorrected Visual Acuity (UCVA)

Kmax (Mean�Standard Deviation [Range], D)

Preoperative Sphere (D) UCVA Worse Than 20/20 20/20 UCVA P Value

�1.00 to ��2.00 43.60�2.1 (42.25 to 52.00) 43.60�1.7 (39.75 to 47.50) .8879

�2.00 to ��3.00 44.70�1.5 (40.50 to 48.25) 44.50�1.5 (40.25 to 48.50) .2474

�3.00 to ��4.00 45.30�1.7 (40.25 to 49.25) 45.20�1.6 (41.75 to 48.75) .7831

��4.00 45.80�1.6 (39.50 to 49.00) 45.50�1.4 (40.75 to 48.25) .1817
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tometry and loss of BSCVA. The percentage of eyes in 
which two or more lines of BSCVA was lost was virtu-
ally identical in both groups (�43.00 D: 2.36%; �44.00 
D: 2.30%; P�.05).

The large sample size of the current study is a 
strength compared with other published reports. The 
combined sample size of all previously published re-
ports that evaluated the role of keratometry after hy-
peropic LASIK1-6 is 718, compared to a sample size of 
1659 eyes in this study. Other strengths include the 
fact that data were gathered from multiple centers and 

the surgeries were conducted by many surgeons, which 
helps reduce surgical center–specifi c bias. In addition, 
the surgical procedure (wavefront-guided LASIK with 
femtosecond laser fl ap creation) and examination tech-
niques were identical for all eyes.  

Although this study was well designed, it has cer-
tain limitations. First, like all retrospective studies, it 
is possible that this study included confounding vari-
ables and biases that were not accounted for. 

Second, not all patients who underwent hyperopic 
LASIK showed up for their 1-month examination; 36% 

Figure 1. Proportion of patients who lost two 
or more lines of best spectacle-corrected 
visual acuity varied by preoperative sphere 
group but not by maximum keratometry.

Figure 2. Proportion of patients who 
achieved 20/20 uncorrected visual acuity 
varied by preoperative sphere group but not 
by maximum keratometry.

Figure 3. Proportion of patients who 
achieved 20/20 best spectacle-corrected 
visual acuity varied by preoperative sphere 
group but not by maximum keratometry.
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failed to attend this appointment. The initial cohort of 
patients treated with hyperopic LASIK was further 
reduced by the requirement to have a preoperative 
sphere �1.00 D as well as pre- and postoperative kera-
tometry measurements. An analysis was conducted to 
evaluate possible patient selection bias. Two variables 
were signifi cantly different among patients who attend-
ed the 1-month follow-up and those who did not: age 
(51.7 vs 49.5 years) and preoperative cylinder (1.03 vs 
1.18 D). However, the signifi cance of these differences 
was deemed to have no clinical relevance. In addition, 
no signifi cant difference was found, for any parameter, 
between patients who had postoperative keratometry 
measurements and those who did not. An important 
drawback of the study is that 1-month follow-up af-
ter hyperopic LASIK is a relatively short time period. 
Hyperopic LASIK takes longer to stabilize than treat-
ment of myopia. Typical changes that occur after 
hyperopic LASIK can be a refractive shift, usually 
regression, and a gradual improvement in the tear 
fi lm, dry eye symptoms, and BSCVA.

Third, because the preoperative Kmax was 48.00 D 
and the postoperative Kmax was 52.00 D, this study 
cannot draw any conclusions about keratometry that 
exceeds these values. Thus, this study cannot state 
whether an association exists between visual outcomes 
and postoperative Kmax values �52.00 D.

Fourth, keratometry is a measurement of only two 
points approximately 3 mm apart on the central cor-
nea, which may not refl ect the curvature of the overall 
cornea. Topography provides a more detailed evalua-
tion of the shape of the cornea and would be useful to 
analyze. However, postoperative topography was not 
generally performed in the clinics. 

Finally, this study did not assess visual or dry eye 
symptoms. Although visual acuity outcomes were not 
found to be related to keratometry, dry eye symptoms 
may still be associated with steep corneas after hy-

peropic LASIK. Williams et al1 found an association 
between higher preoperative keratometry and dry eye 
symptoms, but because of that study’s small sample 
size (only 14 patients had a preoperative keratometry 
�44.00 D), this conclusion may not be born out by 
larger studies. Nonetheless, the effect of keratometry 
on dry eyes after LASIK requires further study.

Based on an analysis of 1659 eyes, this study found 
that pre- or postoperative keratometry (up to 52.00 D) 
does not correlate with visual outcomes following hy-
peropic LASIK. Although patients with steeper post-
operative Kmax values tend to have poorer outcomes 
in a univariate analysis, this association disappears 
when the analysis controls for preoperative sphere.
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