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NEW REFRACTIVE SURGERY PROCEDURES AND
THEIR IMPLICATIONS FOR AVIATION SAFETY

INTRODUCTION

Refractive error is a defect of the eye that prevents light
rays from being brought to a single focus on the retina.
To see clearly, refractive errors are normally corrected
with ophthalmic lenses (e.g., glasses, and contact lenses)
or refractive surgery. There are three principal types of
refractive conditions: myopia (nearsightedness), hypero-
pia (farsightedness), and astigmatism (light rays from a
single point object are not focused at a single point on the
retina). Although nota refractive condition, presbyopia (a
reduction of accommodative ability occurring with age),
which normally occurs about 40 years of age, results in
blurred vision at near requiring the use of multifocal or
reading glasses.

More than 155 million Americans are dependent on
spectacles or contact lenses to achieve a quality of vision
satisfactory for their daily needs (1). About 16% of these
individuals wear contact lenses (2). In the last 25 years,
there has been increasing marketing and advertising pres-
sure on those with refractive error advocating a lifestyle
free of glasses or contact lenses. The perception of lifestyle
improvement is a major factor that influences a patient
to seek refractive surgery as an alternative method of
refractive correction.

In September of 1998, the Office of Aviation Medicine
Report “The Aeromedical Certification of Photorefractive
Keratectomy in Civil Aviation: A Reference Guide” (3)
was published to provide information to those responsible
for making certification decisions regarding two new re-
fractive surgery procedures (Photorefractive Keratectomy
[PRK], Laser! in situ Keratomileusis [LASIK]) and to
assist Aviation Medical Examiners in counseling civil
airmen who were interested in having refractive surgery.
These procedures have continued to evolve and grow in
popularity since that time. In addition, there has been an
influx of new refractive surgery procedures. This docu-
ment reviews long-term effects and visual performance
issues of patients with PRK and LASIK that were not
available when the original reference guide was published
and discusses the benefits and risks associated with the
use of new refractive procedures.

'Laser will be the term used in this manuscript for LASER
(Light Amplification by Stimulated Emission of Radiation)
devices.

REFRACTIVE CONDITIONS

Myopia

A myopic or nearsighted person has difficulty seeing
distant objects clearly. Myopia is rare at birth, normally
manifesting after the 4" year of life, with progression
relatively constant until the time of puberty, when it
may progress more rapidly. The condition occurs when
the eyeball grows too long or when the cornea is curved
too steeply for the overall length of the eye, causing
the refracted image to be focused in front of the retina
(Figure 1). Normally, myopia becomes stable at physical
maturity. Therefore, between the ages of 20 and 40 years,
correction may remain essentially unchanged (4). Even
small amounts of myopia result in distant objects being
considerably blurred. For example, a -1.00 Diopter (D)
refractive error would result in unaided vision of 20/40
to 20/60 Snellen acuity. While eyeglasses or contact
lenses are the primary treatment for myopia, these devices
can be a hindrance in some occupations or recreational
activities. Lenses for high myopia have thick edges, and
the optical image is distorted by minification and optical
aberrations. The exact cause of myopia remains unknown.
It is believed that heredity and environment play a role
in myopic development. When both parents are near-
sighted, their children have a greater chance of developing
myopia. Environmental factors, such as reading in dim
lights or doing excessive amounts of close work, may
contribute to myopia. About 30% of the population in
North America is myopic (2).

Figure 1. Myopia



Hyperopia

Hyperopia, or farsightedness, is a disorder in which
vision is more blurred at near. This occurs when the eye
is too short in length or the cornea is too flat, causing
an image to be focused behind the retina (Figure 2). At
birth, eyes are normally hyperopic (about +2.00 or +3.00
D). With aging, the eye normally lengthens. (Note: Each
millimeter that the eye is too short is equal to 3.00 D
of hyperopic refractive change [4].) Statistics are vague
on the prevalence of hyperopia. Some epidemiological
studies incorrectly incorporate presbyopia, which also
requires plus power lenses, as part of the total percentage
of hyperopia in the population. An estimated 40% of
Americans are hyperopic (1). Many of these hyperopes
are children who are able to overcome their farsighted-
ness due to their ability to accommodate. It is not until
most hyperopes are in their late thirties or early forties
that they experience clinical symptoms with hyperopia
they have had their entire life.

Figure 2. Hyperopia

Astigmatism

Astigmatism causes blurred vision when looking at
objects both near and distant. The cornea is normally
smooth and uniformly curved on all sides; however, with
astigmatism the cornea is irregularly curved (steeper in
one meridian) (Appendix A). This irregular shape causes
light to bend, or refract, causing light rays to become fo-
cused at multiple points, which results in distorted vision
at any distance. Astigmatism may occur in addition to
myopic or hyperopic conditions (Figure 3). At birth, the
cornea is usually spherical; however, by 4 years of age the
cornea shape changes. With-the-rule astigmatism occurs
as the vertical corneal meridian steepens with age, while
against-the-rule astigmatism occurs as the horizontal
corneal meridian steepens with age (4). Irregular astigma-
tism most often occurs if the cornea has been damaged
by trauma, inflammation, scar tissue, or developmental
anomalies. This type of astigmatism normally cannot
be completely corrected by ophthalmic spectacle lenses
due to the lack of any geometric form from the irregular
corneal surface.

Figure 3. Astigmatism

Presbyopia

Presbyopia (the inability to focus at near) occurs when
the crystalline lens loses its ability to accommodate or
change in shape (Figure 4). Before developing presby-
opia, the crystalline lens becomes flatter or thinner when
focusing on objects at distance and becomes rounder
or thicker when focusing on objects at near. Virtually
everyone experiences some degree of presbyopia by early
to mid-forty years of age. The ability to accommodate
continues to decrease until about 55 years of age. Pres-
byopia can occur in combination with any other type of
refractive error and can complicate these visual condi-
tions. For example, mildly farsighted individuals may
find that they need reading glasses to see at near, while
nearsighted people may need bifocals so that they can
see comfortably at all distances.
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Figure 4. Accommodation

REFRACTIVE ERROR
MODIFICATION TECHNIQUES

Eye care physicians have used many different techniques
in an attempt to alter or reduce refractive error. Due to
the limited successand complications, refractive surgeons
no longer use many of these techniques (e.g., cycloplegia,
clear lens extraction, and scleral reinforcement) (5). Ad-
ditionally, there were several refractive procedures that
concentrated on modifying the anterior surface of the
cornea, which supplies 44 of the 66 D (2/3) of the eye’s
total refractive power (Appendix A). These refractive
surgical procedures (e.g., keratomileusis, keratopha-
kia, epikeratophakia, stromal thermokeratoplasty, and



intrastromal corneal ring) were more complex and had
many complications, which led to their being discon-
tinued (5). This paper will review refractive procedures
that are currently being used by refractive surgeons and
new procedures that are still in the investigational phase
or being performed on a limited basis.

Radial Keratotomy

Sato of Japan first used radial keratotomy (RK) on a
wide scale in 1953. In the early 1970s, Dr. Fyodorov of
Russia considerably refined this technique. Since the late
1970s when it was first introduced in the United States,
RK has been performed on more than a million Ameri-
cans. The RK procedure involved making radial incisions
on the peripheral cornea. These incisions weakened the
cornea and allowed intraocular pressure to push the pe-
ripheral cornea out and flatten the apex, which reduces
myopia (Figure 5). (Note: See Appendix B for surgical
criteria table.)

In March 1982, a multi-center trial with 10 participat-
ing surgeons was designed to determine the outcome of
a single, standardized technique for myopia (Prospective
Evaluation of Radial Keratotomy or PERK Study), which
evaluated 757 eyes with a mandated eight-incision proce-
dure. PERK study dataat 5 years reported that two-thirds
of patients no longer wore any correction, most of the
other one-third only wore a correction part time, 60%
were within® 1.00 D of correction, and 88% had uncor-
rected visual acuity of 20/40 or better (6). At 5 years, only
13% of eyes reported progressive hyperopic shift of 1.00
D or more, but by 10 years, 43% of eyes had changed
in the hyperopic direction by 1.00 D or more (6-9). Of
the 374 patients (88%) who returned for the 10-year
examination, 70% reported not wearing spectacles or
contact lenses for distance vision, 60% were still within
+1.00 D of correction, and 85% had uncorrected visual
acuity of 20/40 or better (7). Inaddition, otherlong-term
studies reported further complications such as reduced
corneal strength (10-13), fluctuation of vision (14-19),
glare (20-23), poor refractive predictability (7,24,25),
and altitude-induced corneal changes (26-29). With
the advent of new laser procedures and many reports on
both short- and long-term complications from RK, this
procedure is rarely used today.

RK incisions

Figure 5. Radial Keratotomy (RK)

Photorefractive Keratectomy

The excimer laser has been used in ophthalmic and
refractive applications since the early 1980s. The laser
employsa 193 nanometer (nm) ultraviolet-Clight, which
is emitted as an excited dimer of the argon fluoride gas
mixture. This high-energy laser light causes an almost
instantaneous vaporization of smallamounts of the cornea
by direct photochemical disruption of molecular bonds,
with minimal impacton neighboring ocular tissue (30,31).
The excimer laser was initially approved by the Food and
Drug Administration (FDA) to be used for photothera-
peutic keratectomy (32) to reduce corneal scaring.

During the photorefractive keratectomy (PRK) pro-
cedure, the corneal epithelium is first removed either
mechanically or with the excimer laser. After program-
ming the amount of intended refractive change required
and baseline eye examination data, a computer-assisted
algorithm determines the excimer treatment parameters.
The laser is then used to reshape the anterior curvature
by removing basement membrane, Bowman’s membrane,
and portions of the corneal stroma (33) (Figure 6). In
October 1995, the FDA approved the use of the excimer
laser to perform PRK (34). Initial approval was granted
for the correction of low-to-moderate levels of myopia
(34). As more information became available, approval
was also given to correct higher levels of myopia (35),
astigmatism (36), and low-to-moderate levels of hyperopia

(37,38) (Appendix B).

Figure 6. Photorefractive Keratectomy (PRK)

PRK is an outpatient procedure, requires only topical
anesthesia, and takes about 10 minutes. The laser beam
exposure time is dependent upon the amount of refractive
error to be treated (average 30 seconds). After treatment,
bandage contact lens(es) are placed on the eye(s) to assist
in the healing process and to reduce pain. Treated eye(s)
are often painful 1 to 2 hours postoperative and become
increasingly painful during the first 8 to 12 hours. By
the following day, the pain is reduced considerably, and
the cornea is reepithelialized in most patients within 48



hours. Vision is usually considerably improved within 3
to 4 days, and most patients becomeslightly overcorrected
for a few weeks before stabilizing. Refractive corrections
stabilize within 3 to 6 months for lower amounts of cor-
rection but may take 6 to 18 months for higher amounts
of correction (39,40).

During the evolution of PRK, the ablation zone diam-
eter progressively increased from 3.5 millimeters (mm)
to 6.5 mm or more (41). Patients with smaller ablation
zones reported a higher incidence of symptomatic halos
under night-driving conditions (42,43). The larger opti-
cal zone reduced the effect of optical irregularities at the
junction of the ablation zone and the untreated cornea,
which is thought to cause symptomatic halos (44). (Note:
78% of patients with ablation zones of < 5.00 mm re-
ported seeing halos at night (45,46).) Larger ablation
zones (= 6 mm) had less critical centering requirements
when used for mild-to-moderate refractive corrections
(45,47). However, when larger ablation zones are used
for higher corrections, centering is critical due to the
steep and deep transition zone between the treated and
untreated portions of the cornea (48). Precise centration
of the laser over the pupil entrance is important, as clear,
crisp vision depends upon the regularity and centration
of the ablated optical zone. Initially, self-fixation by the
patient was used, and there were reports of decentration
occurring in about 20% of PRK treatments (49). Patients
with decentered ablations have problems with monocular
diplopia, glare, and irregular astigmatism (50,51). When
this occurs, the most common option for correcting ir-
regular astigmatism is a rigid contact lens. Thus, a patient
who had previously been unable to wear contact lenses is
at a greater risk for a decrease in best spectacle corrected
visual acuity (BSCVA) (40,52).

While the epithelium has completely healed within 4
to 5 days after surgery in most cases (53,54), epithelial
wound healing has occurred as late as several months
after surgery (48). Studies found that a smooth corneal
surface at 1 to 3 months after surgery did not guarantee
asmooth surface at 6 months, as the extent of deposition
of new corneal tissue was unpredictable (55,56).

Table 1 presents a synopsis of clinical results for PRK.
Those percentages with standard deviation are the aver-
age taken from multiple studies. Those with no standard
deviation are results from individual reports. A significant
amount of data and information are available for lower
amounts of myopia (< 6.00 D), while less data are avail-
able for higher amounts of myopia (>6.00 D) and for
photoastigmatic keratectomy (PARK). (Note: PARK cor-
rects for astigmatism and the combination of astigmatism
with myopia or hyperopia.) Additionally, since FDA
approval for the use of excimer lasers for the correction

of hyperopia and hyperopic astigmatism occurred later,
there is less long-term information regarding the efficacy
and safety of hyperopic PRK and PARK. However, studies
reported a slower recovery of uncorrected visual acuity
(UCVA) and BSCVA for hyperopes, as compared with
PRK and PARK for myopia (57).

PRK patients can develop dry-eye symptoms after
surgery. One study, using the patient’s non-operated eye
as a control, reported postoperative Schirmer test values
and break up time (BUT) scores at 6 weeks. The values
and scores for the PRK eyes were about half that of the
non-operated eye, which resulted in dry-eye problems
(110). Another study reported a decrease from mean
preoperative Schirmer test values to those at 1 month
postoperative after having PRK or PARK. At 6 months,
mean values were still lower than preoperative values but
had increased somewhat (111).

PRK has resulted in the development of corneal haze
and regression (reverting to original state of refractive
error). Studies have shown association with patient age
(no significant difference at > 1 year) (112), biological
risks (significantly increases in higher correction with
small diameter ablation zone and ocular surface disorders,
no gender differences except for females taking oral con-
traceptives [13.5X more likely to occur]), and environ-
mental factors (increases with exposure to solar radiation,
tanning beds). However, no association could be found
with contact lens wear, swimming, cigarette smoking, or
minor ocular trauma (113). Sharif et al. (114), reported
on 9 bilateral patients (18 eyes) who became pregnant
during the follow-up period and developed regressionand
corneal haze. Sixty-six percent of eyes (n=12) regressed
and 83% (10/12) of these had regression associated with
corneal haze (1+ to 2+ grade). Three patients (6 eyes)
that had a stable refraction became pregnantat 5 months
postoperative and developed corneal haze and associated
myopic regression, which did improve in 50% of eyes
after delivery (114).

The correlation between eye colorand the development
of corneal haze has been reported. In a study of 100 blue
eyes of white patientsand 166 brown eyes of Saudi patients
with comparable range of myopia, 95% of the blue eyes
were within = 1.0 D of attempted correction compared,
with 89% of the brown eyes at 6-months postoperative.
One hundred percent of the blue eyes achieved UCVA
of 20/30 or better, compared with 92% of the brown
eyes. Five percent of blue eyes developed corneal haze,
compared with 29% of the brown eyes. Relative risk
for developing haze was found to be 7.72X greater in
brown eyes, suggesting that race might be a factor in the
development of corneal haze (95).
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There have been reported problems with late-onset
corneal haze (LOCH). Diagnostic criterion for LOCH is
acute haze of grade > 2 occurring between 4 and 12 months
postoperative. One study, which followed 314 eyes for 12
to 41 months, reported that 11 eyes developed LOCH after
exposure to high levels of environmental UV-radiation (115).
The study suggests that the use of UV-protective eyewear
should be encouraged during the first year after PRK. In
another study that followed 1,000 patients for 12 months, all
corneas were clear at4 months, after 4 months, however, 18
eyes of 17 patients developed LOCH, resulting in decreased
visual acuity and regression. Treatment with topical steroids
resulted in partial reversal of haze and regression. The study
suggests that corneal healing and remodeling may continue
for at least 1 year after PRK (116).

Compared with reports about RK, initial trials for
PRK did not report significant problems with diurnal
fluctuation of vision (121), progressive hyperopic shifts
(37), reduced corneal strength (122), poor refractive
predictability (74), and fluctuation of vision (121). How-
ever, long-term PRK studies have reported problems with
glare (94,108,119,123), halos (108,124,125), regression
(81,126), haze (44,65,98,108,109,112-116,127,128),
decreased visual performance at night (119,129,130),
undercorrection (81,131), overcorrection (130,132), loss
of BSCVA (40,63,66,68,70,76,94,103,109,133,134), and
severe dry eye problems (110,111,135-137). As a result of
these reported problems and advances in laser refractive

procedures, PRK has been all but replaced. A survey of
refractive surgeons in the United States reported that the
percentage performing PRK had decreased from 26% in
1997 to less than 1% in 2002 (138). A list of patient-
reported satisfaction and complications after PRK surgery
is summarized in Table 2.

Laser in situ Keratomileusis

Laser 77 situ Keratomileusis (LASIK) is a technique that
uses the excimer laser and a specially designed knife blade
called a microkeratome, which slices a thin, horizontal flap
(100 to 200 pm in depth) off the top of the cornea leaving
it connected by a small hinge of tissue (139) (Figure 7). The
corneal flap is folded aside, and the excimer laser is used to
remove tissue from the corneal stroma (Figure 8). The flap
is then replaced. Many patients report seeing clearly im-
mediately after surgery and have little or no discomfort.

LASIK was initially used to treat higher amounts of
myopia. As surgeons increased their surgical skill, LASIK
has become the surgery of choice and is now used to treat
even low-to-moderate amounts of myopia, astigmatism, and
hyperopia (Figure 9). Initially, refractive surgeons felt that
there was no need for clinical trialsand FDA approval, since
LASIK is a procedure that uses 2 FDA-approved devices. In
July 1997, the FDA approved the use of the excimer laser
and the microkeratome for the LASIK procedure (140).
(Appendix B)

Table 2. Patient reported satisfaction and complications after PRK.

Myopic PRK Hyperopic PRK

Reported Patient Satisfaction

Satisfied - very satisfied

70_92% 44117-120 96'100% 90,91

Dissatisfied 3-20%
Quality of Life

Improvement 78% '
Decrease 17% "'
Correction Required After Surgery

None 66-100% "
Sometimes worn 30% ' °
Always worn 10% "

Glare

Daytime 55% c2 106118 14-16% 7"
Halos

At night 7% "

Always 34% °*™°
Sometimes 26% "

Never 40-79% ' °
Night Vision Problems

Always 32-40% "0
Sometimes 30% 0

Never 30% 0

Decreased night vision

32% 100,718

Increased difficulty driving at night

30-31%"° 27-29% %1




TN
Figure 8. Excimer laser
ablating tissue from cor-
neal stroma during LASIK

Figure 7. Microkeratome
Cutting a Corneal Flap

Figure 9. After creation of the LASIK flap, the
laser beam rotates around the central corneal
tissue for hyperopic LASIK, creating a donut
shape ablation and leaving the central area
untouched

Relative to PRK, LASIK patients experienced less pain,
stabilized faster, had less regression, did not require ex-
tended use of topical steroids, and had fewer complications
and side effects (141-143). However, unlike PRK, LASIK
requires a greater surgical skill (144-146) and, therefore,
does have a greater risk of surgical complications (147).
These risks include ocular perforation (141,148-150),
button hole-flap (center of the flap is too thin resulting
in a hole) (150,151), dislodged or detached corneal flap
(141), and poorly aligned or positioned flap, resulting in
irregular astigmatism (141). Postoperative LASIK risks
include epithelial ingrowth (141), foreign bodies in the
stromal bed (141), slower healing rate (141), microkera-
tome-induced subconjunctival hemorrhages (141) and
infectious keratitis (152-154). In addition, there have
been reports of microkeratome-induced complications
of elevated intraocular pressure (IOP) (155) and retinal
detachment (RD) (156,157).

Table 3 presents a synopsis of clinical results for LASIK
referenced in this document. Percentages with standard
deviation are the average taken from multiple studies.
Those with no standard deviation are results from a
single clinical study. There is a significant amount of data
for both low and high amounts of myopia and myopic
astigmatism. Since approval for the use of excimer lasers

for the correction of hyperopia and hyperopic astigma-
tism did not occur until November 1998, there is less
long-term information regarding the efficacy and safety
for LASIK for hyperopia and hyperopic astigmatism.
However, most studies reported that there is a slower
recovery of BSCVA and UCVA with these procedures,
as compared with myopic LASIK.

Symptoms of dry eye and recurrent corneal erosion
syndrome are not uncommon after LASIK. According
to a survey, 48% of patients complained of dryness
symptoms, 6.7% complained of soreness of the eye to
touch, 8% with sharp pains, and 5.6% of eyelids stick-
ing to the eyeball (more common and severe with PRK
than LASIK) (135). Patients in this survey reported a
median overall satisfaction with surgery of 9 on a scale
of 1 (worst) to 10 (best). Patients with 1 or more symp-
toms were twice as likely to have a satisfaction score < 8
(135). Studies that reported a change in tear secretion
and film instability from preoperative values to those at
6-months postoperative found that Schirmer test values
were approximately 24% lower, BUT scores were 19%
lower, and change in tear osmolarity was 36% lower
(136). A study by Aras et al. reported on the differences
between operated and non-operated eyes of patients who
had unilateral LASIK. Schirmer test and BUT values
showed a decrease of 23% and 13% between operated
and non-operated eyes, respectively (158).

Patient reports of satisfaction and complications after
myopic LASIK are listed in Table 4. LASIK patient sat-
isfaction scores are higher than those with PRK (Table
2), and the percentage reporting problems with light
sensitivity and night vision problems are less.

By 2001, more than 9.5 million LASIK procedures were
performed worldwide and 5.1 million performed in the
US (217). By 2003, the total number of LASIK proce-
dures worldwide had increased to more than 15 million,
and there are currently about 3,800 surgeons throughout
the US performing more than 1 million new LASIK
procedures each year (218,219). Reports of postopera-
tive complaints have increased as more procedures have
been performed and more long-term data have become
available. Unfortunately, some of these complaints have
been rather severe. These include: overcorrection (220-
222), undercorrection (160,187,223), loss of BSCVA
(167,177,208), glare (224), halos (200), reduced visual
performance in dim illumination (167,225), dry eyes
(136,226,227), irregular astigmatism (226), and dislodged
or detached corneal flap due to trauma occurring from
6 weeks to 38 months postoperative (228-236). Even
with this substantial list of postoperative complications,
LASIK is still the surgery of choice by patients and re-
fractive surgeons.
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Table 4. Patient reports of satisfaction and complications after myopic LASIK.

Myopic LASIK
Reasons for Having Surgery
Improve UCVA 88% "¢
Improve cosmesis 21% ¢
Achieved goals for surgery 94 ¢

Reported Patient Satisfaction With results

Satisfied - very satisfied

50-98% 162167,215,216

Dissatisfied

Would have procedure again

97-99% 159,215,216

Improvement of Functional Vision

Improvement

81-100% ¢

Decrease

Correction Required After Surgery

None 95-96% %%
Sometimes (for presbyopia) 25% 21°
Always —
Light Sensitivity

Unchanged 73% 21°
Worse 27% 2'°
Better 6% 2'°
Night Vision Problems

Unchanged 76% 2*°
Worse 24% 21°
Better 17% 21
Never —

Decreased night vision

14-39 o, 170.216

Increased difficulty driving at night

9% 167

Laser Epithelial Keratomileusis

Laser epithelial keratomileusis (LASEK), which is also
called Epithelial-LASIK, E-LASIK, and Epi-LASEK,
was introduced in 1999 and is reported to combine the
advantages and reduce the disadvantages of PRK and
LASIK (237). During the LASEK procedure (Figure 10),
apre-incision of the corneal epithelium is performed with
a special microtrephine (an instrument used to make a
circular cut on the epithelium) with a 70-um depth-cali-
brated blade. The microtrephine is designed to leave a
hinge at the cornea’s 12-o’clock position. Two to 3 drops
of 18 to 20% alcohol solution are instilled for 30 seconds
toloosen the corneal epithelium from the basement mem-
brane. The area is then dried, thoroughly washed with
water, and dried again. (Note: Alcohol solution is applied
for 30 to 40 seconds in younger men, postmenopausal
women, and long-time contact lens users. Applications
of longer than 40 seconds can decrease the elasticity of

the epithelial flap.) The corneal epithelium is lifted at the

pre-incision, and the epithelial flap is gently detached and
folded up at the 12-o’clock position, leaving a smooth
surface. After the ablation, the epithelial flap is carefully
repositioned with a small spatula over the stroma. A soft
contact lens is applied for 3 to 4 days to keep the flap in
place. Postoperative antibiotic and cortisone treatments
are administered for a few days. In 3-4 days, the epithelial
layer is usually regenerated and intact (238). It is postu-
lated that the epithelial flap protects the bare surface of
the stroma and prevents the influx of inflammatory cells
from the tears, thus reducing the inflammatory damage
to the corneal stroma (237).

Many surgeons have experienced difficulties removing
the corneal epithelium when performing LASEK and have
had to revert to performing PRK. VisiJet Inc., of Irvine,
CA, received FDA approval in September 2004, for the
“EpiLift System,” which is used to separate corneal tissue
during the LASEK procedure. The system separates the

epithelium from Bowman’s membrane, and an epithelial



2. The epith
is then lifted

|gure 10. Laser epithelial
keratomileusis (LASEK)

sheet of consistent thickness is removed without damaging
the membrane. After the laser ablates the stromal tissue,
the epithelial sheet is replaced and a bandage contact
lens is placed on the eye. This system allows the surgeon
to perform LASEK without the problems that occurred
with using alcohol to remove the epithelium.

Advantages of LASEK over PRK include the absence
of severe postoperative pain, faster optical recovery, re-
duced risk of infection (237-239), and, if the creation of
the epithelial flap is unsuccessful, the surgeon can easily
revert to traditional PRK (237,240). In addition, LASEK
may be the best choice for patients with low myopia,
eliminates many of LASIK’s flap-related complications
(237-239,241), and can be a viable option for those
patients who previously were not good candidates for
LASIK. This includes patients with high myopia and
thin corneas (241), flat corneas that would limit the
size of the treatment zone (242), basement membrane
disease (242), severe neovascularization due to long-term
contact lens wear (237), or those with professions (e.g.,
police officers, fire fighters, military personnel, aviators,
and athletes) or lifestyles that increase the risk of trauma
(238). In patients with small palpebral fissures or deep-set
eyes, LASEK can be used to avoid lacerations of the eyelid
marginsor having to performalateral canthotomy (surgi-
cal division of the outer canthus) to adequately position
the microkeratome (241). Patients with recurrent corneal
erosions are poor LASIK candidates; however, LASEK
not only can correct refractive error, it may provide a cure
for recurrent erosions (241).

Disadvantages of LASEK include complexity of the
surgical procedure (more than 50% of surgeons reported
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problems creating the flap) (240), increased expense of
surgical instruments (237), and greater postoperative
pain and a longer initial recovery time as compared to
LASIK. Preliminary studies, however, report that there
is less corneal haze than with PRK (238,239,242,243),
which may be due to the protected epithelium that
reduces the risk of necrosis of underlying corneal cells
(244,245), and less loss of BSCVA (241). In addition,
LASEK reportedly has prompt stabilization of the epi-
thelial structure and with no overproduction of collagen
fibers in the photoablation area of the anterior stroma
during healing. This may reduce corneal haze and the
possibility of corneal scarring (246). LASEK patients often
achieve uncorrected visual acuity of 20/40 or better in 1
week (237,238,241) and by 6 months more than 96% of
patients achieved 20/40 or better correction (247,248).
After 1 year, LASEK patients had better BSCVA and less
corneal haze compared to PRK patients (249).

LASEK appears to be safe and effective in treating a
wide range of myopia and astigmatism. Some refractive
surgeons perform a modified version called “Butterfly
LASEK,” which removes the epithelium from Bowman’s
membrane, proceeding from center to periphery. A special
retractor is used to move the two flaps of loose epithelium
toward the limbus. Ablation is performed as with regular
LASEK. This procedure is thought to preserve the limbal
connection of epithelial stem cells and limbal vascular
connections, which may improve epithelial viability and
results in faster postoperative recovery (243).

Currently, the use of the excimer laser for LASEK is not
FDA-approved, so this is considered an “off-label” use
of the laser. Refractive surgeons should not advertise this
procedure unless they are enrolling subjects for a clini-
cal trial. Although the number of LASEK procedures is
small compared to LASIK, early results for this procedure
are promising. Nevertheless, additional studies will be
necessary before LASEK is widely accepted as a viable
procedure among corneal surgeons.

Thermokeratoplasty

Thermokeratoplasty uses heat to alter the properties
and structure of corneal stromal collagen in order to
modify the cornea’s anterior curvature. In 1898, Lans
first demonstrated the ability to shrink tissue and change
the cornea’s refractive power. In the 1970s, Gasser and
Fyodorov refined this procedure. Termed “radial ther-
mokeratoplasty,” the procedure corrected hyperopia by
using a nichrome-tipped probe that was placed ata depth
of 80% of the corneal stroma and heated to 600° C for
0.3 seconds to shrink stromal collagen and flatten the
peripheral cornea while steepening the central portion
(250). Problems controlling the amount and depth of
delivered heat resulted in unpredictable outcomes and



refractive regression. Tissue necrosis resulted from high
temperatures. There were also problems with epithelial
thinning, recurrent corneal erosions, iritis, stromal melt-
ing, and loss of BSCVA (5).

Laser Thermal Keratoplasty (LTK) is a noninvasive
procedure that uses laser light, which is absorbed by the
cornea to produce the desired temperature elevations
(251) (Figure 11). New advances in laser technology,
a better understanding of corneal physiology, and the
introduction of corneal topography analysis have led
to the development of a safer and more effective LTK
procedure. The patient’s preoperative refraction dictates
the optical zone diameter and the number of laser spots
used. A smaller optical zone (6mm) will result in a steeper
cornea than a larger zone (7mm). Additionally, 8 laser
spots are applied for corrections of +0.75 to +0.875 D,
15 spots for +1.0 to +1.67 D, 24 spots for +1.75 to 2.25
D, and 32 spots for +2.375 to +3.0 D (252).

7 mm laser ring

6 mm laser ring

Figure 11. Laser Thermal Kera-
toplasty (LTK)

In June 2000, the FDA approved the Hyperion™ LTK
System, an infrared holmium-YAG laser, to treat patients
who are farsighted (between +0.75 to +2.25 D, with or
without astigmatism < 0.75 D), at least 40 years of age,
and with a stable refraction (253). Contraindications for
LTKinclude pregnantor nursing women, patients withan
abnormal shape or thinning of the cornea, central corneal
scarring, history of herpeticeye infection, an autoimmune
or collagen vascular disease, clinically significant atopic
syndrome (allergic), insulin-dependent diabetes, or a
compromised immune system (253).

The Hyperion™ LTK System produces a non-visible
laser beam that heats corneal tissue, causing it to shrink
and tighten at the periphery, thus steepening the central
area (254). Short-term studies have shown that, for most
patients, LTK is temporary, since at 24 months postop-
erative a majority of patients have regressed to one-half
of the correction observed at 6 months postoperative
(253). While there seems to be less surgical complications
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with LTK, results and stability depend on the amount of
correction attempted and the patient’s age (i.e., younger
patients may have more regression) (253,255).

LTK is a relatively new procedure and, at this time,
only short-term clinical study data have been published
regarding its effectiveness and possible complications
(256). This procedure is marketed as a treatment for older
patients (= 40 years of age) who are mildly hyperopic (or
early presbyopes) and are reluctant to have LASIK or PRK.
The procedure takes only a few seconds and is performed
in the surgeon’s office. The major advantage for older
presbyopicairmen is that LTK will reportedly allow them
to see clearly at near and intermediate distances again.
With data that are currently available, it is impossible to
determine how popular this procedure will become with
airmen and what long-term complications may occur.
The FAA is currently approving on a case-by-case basis
airmen who have had the LTK procedure. Airmen who
have had the LTK procedure may be required to take a
medical flight test. Upon passing the test, their medical
certificate is issued under the “special issuance” section
of part 67 (14 CFR § 67.401).

Conductive Keratoplasty

Conductive Keratoplasty (CK) is a procedure that re-
duces farsightedness. In April 2002, the FDA approved
The ViewPoint™ CK System (Refractec, Inc.), which
uses radio frequency energy to gently heat and shrink
corneal collagen tissue at specific treatmentspots to create
aband of tightening (Figure 12). This band reshapes and
steepens the cornea to correct hyperopia (257) (Figure
13). The procedure requires topical anesthetic, can be
performed in-office, is minimally invasive, takes less than
3 minutes to perform, haslittle postoperative discomfort,
and features a rapid return to normal vision. CK is less
invasive than LASIK surgery, as it does not require the
creation of a corneal flap. As with LTK, a small optical
zone results in a steeper cornea than a larger zone, and
the number of treatment spots are titrated according to
the degree of hyperopia to be corrected (252).

Figure 12. Conductive
Keratoplasty (CK)



Figure 13. Steepening of the cornea to
correct for hyperopia

CK is recommended for patients who are mildly far-
sighted (+0.75 to 4.00 D with < 0.75 D astigmatism),
> 40 years of age, and have a stable refractive correction
(258). Contraindications for CK include pregnant or
nursing women, an abnormally shaped or thinning cornea,
a history of herpes infection, severe dry eye condition,
autoimmune disease, collagen vascular disease, signifi-
cant allergies, insulin dependant diabetes, compromised
immune status, nystagmus, and/or other conditions
that prevent a steady gaze, or an implantable electrical
device (e.g., pacemaker), which can be affected by radio
frequency energy (257,259).

CK is being marketed as a procedure that meets the
needs of patients that want a safe, less-invasive treatment
for farsightedness. The procedure is considered to be
temporary, as the amount of correction achieved at the
time of the procedure normally decreases over time. Most
patients may need to be retreated every 2 to 3 years, or at
about the same frequency that they would have changed
their reading correction (258). While uncorrected visual
acuity is improved after CK, there may be a need for
glasses or contact lenses to correct residual farsightedness
or for reading glasses.

Preliminary data from 357 patients reported UCVA
of 20/20 or better in more than 50% of patients, 20/25
in 74% of patients, and 20/40 was achieved in 93% of
patients (257,259,260). Less than 1% of patientslost 2 or
more lines of BSCVA (257). At 9-months postoperative,
the majority of the patients responded with no symptoms;
others reported moderate to very severe problems with
blurred vision, dryness, fluctuation of vision, glare, halos,
light sensitivity, night driving vision problems, and varia-
tion of vision in bright light and dim light. While the
majority (79%) was either “very satisfied” or “satisfied”
with their results, 9% of patients were “dissatisfied” to
“very dissatisfied” (257).

The safety and effectiveness of the View Point-CK
System have notyet been established in eyes with diseases
of the cornea (e.g., scar, or infection), previous surgery
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or injury to the cornea, previous intraocular or corneal
surgery, a history of glaucoma, > 4.00 D of farsighted-
ness, or > 0.75 D of astigmatism, or patients < 40 years
of age (257). With clinical data that is available at this
time, it is impossible to determine if CK will achieve
the popularity of other refractive procedures. Longer
studies are required to determine the significance to
pilots of the reported problems with glare, halos, night
vision problems, and variation of vision in dim light.
The FAA is currently approving airmen who have had
the CK procedure on a case-by-case basis. At this time,
airmen who have had the CK procedure may be required
to take a medical flight test. Their medical certificate is
issued under the “special issuance” section of part 67
(14 CFR § 67.401).

Intacs™

Intrastromal Corneal Ring was a single ring segment
used in the correction of mild nearsightedness, while
Intacs™ uses 2 semicircular plasticinserts to correct refrac-
tive error. These plastic inserts are placed deep within the
corneal tissue at the outer edge and away from the central
optical zone (Figure 14). In addition, they can be removed
and/or replaced with a thicker insert if greater correction
is needed, with minimal risk (261). The FDA approved
Intacs™ in 1999 for the correction of mild myopia (1.00
t0 3.00 D with <0.75 D of astigmatism). The procedure
takesabout 15 minutesand isdone onan outpatientbasis.
During surgery, a tunnel is created between the layers of
the stroma, and the two crescent-shaped plastic inserts
are placed in the tunnel. The thicker the ring, the more
flattening and greater correction is achieved.

Figure 14. Intacs™ semi-circular
plastic inserts

Intacs™ patients must be at least 21 years of age, have
stable vision foratleast 1 year prior to surgery, and healthy
eyes with no disease or injury. Contraindications for In-
tacs™ include autoimmune orimmunodeficiency diseases
(e.g., lupus, rheumatoid arthritis, or AIDS), pregnancy
or nursing, thin corneas, glaucoma, herpetic eye disease,
ocular conditions that could increase the possibility of
future complications (e.g., recurrent erosion syndrome,
or corneal dystrophy), or taking prescriptions that may
affect healing or visual acuity (262).



With Intacs™, more than 95% of patients saw 20/40
or better; over 70% saw 20/20 or better, with no loss of
BSCVA (263), normal contrast sensitivity (264), unaf-
fected endothelial cell morphology (265,266), and stable
diurnal vision (267).

One of the main advantages of Intacs™ is the explan-
tation, or exchange of the inserts. When the implants
were removed, there was a low complication rate and
vision returned to preoperative measurements within 1
to 1%2 months (268,269). When inserts were exchanged,
the intended refractive correction was achieved within
the first few days and remained stable (268). Some early
postoperative complaints (mild-to-moderate pain, foreign
body sensation, scratchiness, photophobia, glare, star-
bursts, halo, unstable visual acuity, or discomfort) have
been reported, but most symptoms disappear within 6
months postoperative (269,270,271).

As with all surgery, there is a risk of intraoperative and
postoperative complications. Intraoperative complica-
tions include micro perforations from an incorrectly set
scalpel, incisional gaps, poorly positioned inserts, and
channel tunnelinfections. The procedure is very demand-
ing, and many surgeons have had difficulty in mastering
it sufficiently enough to make it an effective alternative.
Postoperative complications include induced astigmatism,
diplopia, subconjunctival hemorrhage, aqueous flare,
stromal thinning, epithelial incision cysts, and epithelial
plug. A diffuse haze in the stromal tunnel, medial and
lateral to the segments may occur after surgery but gradu-
ally decreases over time. Lamellar channel deposits can
develop within the first few months after surgery along
the inner or outer curvature of the plastic insert. These
become more prominent during the 12-month follow-up
but have no clinical significance. An intraepithelial iron
line central to the inner curvature has occurred in some
eyes 6 to 9 months postoperative (271).

Intacs™ may be an alternative refractive procedure
for patients who are seeking a long-term alternative to
glasses or contact lenses but are uncomfortable with the
irreversible changes to their vision from permanently
altering the cornea. Studies have demonstrated the re-
versibility of the Intacs™ procedure, low intraoperative
complication rates, and that most patients are satisfied
with their results (271). Intacs™ are relatively new and
the manufacturer has had a history of financial difficul-
ties (272). However, Addition Technology Inc., Des
Plaines, IL, has taken over the distribution of Intacs™
and reported that, in 2002, there was an 87% increase
in procedures over those performed in 2001 (272). Even
with this increase in procedures, until the results of long-
term studies are available it is difficult to determine if
Intacs™ will achieve the popularity of other established
refractive procedures.
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Clear Lens Extraction

Clear lens extraction (CLE) is the removal of a non-
cataractous, crystalline lens of the eye with or without
intraocular lens placement, to correct nearsightedness or
farsightedness. The history of CLE dates back to 1708,
when itwas noted thatafter cataract operations some high
myopiceyes had good vision without the use of spectacles.
It was noted, however, there was a 3- to 10-fold increase
in the incidence of RD when compared with eyes that
did not have the surgery (273).

CLE was almost completely abandoned due to risks of
RD and blindness (273,274). However, within the last 20
years there have been published case studies and editorials
in ophthalmic journals on the risks and benefits of CLE.
It has become a viable procedure for myopia, hyperopia,
and astigmatism due to advancements in phacoemulsifica-
tion, viscoelastic materials, and intraocular lens designs
that improve the safety and efficacy of cataract surgery
and has led to more reproducible and stable refractive
results (275).

CLE is usually reserved for high myopic eyes (>12
D), for which LASIK or PRK may be contraindicated
(276-278). It may be a better choice for patients with
high hyperopia than those with myopia, because of the
smaller risk of postoperative RD and there are fewer
modalities available to treat high hyperopia (279,280).
Many surgeons are hesitant to endanger an eye or expose
an otherwise healthy eye to undue risk, but with new
technology there is an accuracy rate of approximately +
0.25 D, especially for high hyperopia and myopia.

With the recent advent of multifocal intraocular lenses
(IOLs), CLE has been used to correct presbyopia. When
an IOL is used in this manner, it is considered “off-label”
since the FDA has not approved it to be used for refrac-
tive surgery purposes. Previously, patients undergoing
cataract surgery had only a monofocal IOL option that
allowed clear distant vision without glasses. For near and
intermediate postoperative vision, patients had to rely
on reading glasses. With multifocal and accommodat-
ing IOLs, they now may have clear uncorrected vision
at distance, intermediate, and near. The only FDA-ap-
proved multifocal IOL is the Array®, which was approved
in 1997. The Array® is a zonal progressive intraocular
lens with 5 concentric zones on the anterior surface that
work on the principle of simultaneously presenting im-
ages at different focal lengths to the retina (Figure 15). A
study of the Array® lens reported that more than 80% of
patients were able to see 20/40 or better at distance and
Jaeger # 3 (20/40) or better at near, without correction
and with high patient satisfaction (281,282). There was
some concern with the Array® lens that there may be a
loss of contrast sensitivity at low spatial frequencies and
increased glare and halos around lights (281). However,



studies showed no difference in low-contrast sensitivity
between binocular Array® patients and binocular mono-
focal patients; the occurrence of ghosting and glare was
similar in both the Array® and monofocal IOL groups
(283-285). Additionally, when stereoacuity was compared
in 31 patients with unilateral Array® lens implants to 29
patients with bilateral Array® lens implants, results were
similar for both groups (286). Another study, which
measured night driving performance of patients with Ar-
ray® IOLs to those with monofocal IOLs, under 3 poor
visibility conditions, found that there was no difference
in recognition rates and recognition distances for signs

and hazards (287).

/ [—td Distance Zone

a 2
Normal Daylight P

155

Both 2and 4 mm
pupils retain distance
and near vision

Bright Sunlight

B Near Zone

Figure 15. Array® Multifocal IOL

An accommodating IOL has a monofocal optic and
special hinges at the optic-haptic junction, which move
by contraction and relaxation of the ciliary muscle within
the eye, resulting in a form of accommodation so that
patients can see clearer at far, near, and intermediate dis-
tances (Figure 16). The CrystaLens®, which received FDA
approval in 2003, is currently the only FDA-approved
accommodating IOL. Clinical trial data reported, at 1-
year postoperative, that 98.4% of patients had 20/40 or
better UCVA; 100% had BSCVA of 20/20; 100% had
20/32 or better UCVA intermediate vision; 98.4% had
J3 or better UCVA near vision; and 100% had BSCVA

Figure 16. CrystaLens® Accommo-
dating IOL
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0f20/20 (288,289). It was also reported that the Crysta-
Lens® performed equally compared to amonofocal lensin
contrast sensitivity both with and without a glare source.
Currently, the FAA does not issue airmen a certificate if
they have either a multifocal or accommodating IOL
with CLE, since it does not have FDA approval and is
considered an “off-label” use.

Clear lens extraction, however, appears to be one of
the more stable refractive procedures available, with +
0.02 D/year refractive change reported over a 9-year
observation period. Several studies have shown that,
for quality of vision, an unaltered cornea is optically
superior to an operated cornea. Optical aberrations can
occur after any corneal procedure that creates abnormal
contours and, with larger amounts of refractive correc-
tion, there is a decrease in the quality of vision in low-
contrast situations (e.g., driving at night). CLE, however,
is not without complications, which can range from
posterior capsular opacification (279,280), intraocular
lens dislocation (291), macular edema (more common
in hyperopes) (292), glaucoma (280,290,293), uveitis
(273), endothelial loss (292,294), postoperative hypotony
(295), to more serious ones that can result in blindness
(e.g., RD, [275,276,278,290,291] or endophthalmitis
[273,275]). Colin et al. (296), reported in an extended
study that followed patients with high myopia and CLE
for 4 years found that 2% of the patients had RD, but
by 7 years that number had increased to 8.1%. Ramos
et al. (297), in their review of literature, reported that
there are several variables that have a significant affect
on the rate of RD after cataract surgery, which included
age, gender, refractive state, status of the fellow eye, and
the condition of the posterior vitreous. Age was the most
significantvariable for RD (298-300). Patients whose age
was less than 60 years had a RD rate of 2.43%, while
those ages 60 to 69 had a rate of 1.51%, those ages 70
to 79 had a rate of 0.82%, and those 80 and over had a
rate of 0.47% (298). Results of CLE are encouraging;
however, patients must be aware of the increased risk for
severe vision loss (274).

NEW TECHNOLOGY

The knowledge gained from past and current refractive
surgery techniques has led to new alternatives or consid-
erations concerning the visual system. One important
lesson learned is that 20/20 acuity is not the only means
to measure good vision. Snellen 20/20 measures about
80% of the total visual system of the human eye and
is a low-order aberration (prism, sphere, and cylinder)
or quantitative measures of central vision. The remain-
ing 20% involves higher-order aberrations (qualitative
measures).



Phakic Intraocular Lenses

Phakic intraocular lenses (IOLs) are synthetic lenses
that are implanted into the eye as an addition to the
eye’s crystalline lens. They can be used to correct ex-
treme myopia or hyperopia and can be combined with
LASIK to correct even greater refractive errors. During
the procedure, a small incision (approximately 3-5 mm)
is placed at the periphery of the cornea, and the IOL is
inserted through the incision into the anterior chamber
(Figure 17) or the posterior chamber just in front of the
crystalline lens (301). An anterior chamber phakic IOL
is secured into place on the iris with two small flexible
hooks. A posterior chamber phakic IOL is placed behind
the iris, in front of the crystalline lens, and centered with
the pupil. PhakicIOLs do notinterfere with accommoda-
tion of the crystalline lens (302).

Figure 17. An anterior chamber
phakic IOL

Aphakic IOLs were first introduced in the 1950s, and
the designs and materials have changed dramatically over
the years. Whether used to correct aphakia or a high
refractive error, IOLs are known for exact predictability,
reproducibility of the surgical success, and reversibility
of the procedure. One of the factors contributing to the
safety of this procedure is that the intraocular anatomy
or physiology of the eye is not changed (i.e., the central
cornea is not touched during surgery). The lens can be
removed or exchanged with no long-term effects (302).

There are only two phakic IOLs that have received
FDA approval to be used for refractive surgery. They
are the “Verisyse” (formally Ophtec’s Artisan™) from
Optec/Advanced Medical Optics, which is an anterior
chamber lens used to treat severe myopia and hyperopia,
and the “Visian Implantable Contact Lens” (ICL)” from
STAAR, which is a posterior chamber aphakic IOL now
being marketed as a phakic IOL or ICL. Both lenses are
intended for people with healthy eyes, stable vision, and
with no more than 2.5 D of astigmatism.

15

Clinical studies with phakic IOLs have reported an in-
crease in BSCVA (303,304), stable vision (305,306), and
an improvement in the quality of vision (i.e., no change
in vision when illumination varies; 307,308). As with all
types of surgery, there is the possibility of complications,
which include loss of endothelial cells (301,309-312),
decentration of lens (121), pupillary block (313), RD
(313,314), cataract formation (301,313,315,316), iris
retraction or pupil ovalization (310,317,318), halo/glare
(310,318,319), and a decrease in crystalline lens trans-
mittance (311).

There are several other phakic IOLs seeking FDA
approval. They include: “Veriflex Phakic IOL” from
Optec/AMO, a foldable version of the Artisan/Verisyse
phakic IOL; “AcrySof Phakic ACL” from Alcon; “Icare”
from Cornéal, a one-piece foldable and injectable IOL
made of a soft hydrophilic acrylic material; “Phakic Re-
fractive Lens (PRL)” a posterior chamber lens made of a
silicone material; and “GBR/Vivarte” from IOLTECH.
In Europe, these and other similar phakic IOLs have been
in the hands of surgeons since as early as 1989. While
this is a promising procedure for the correction of higher
refractive errors, studies are needed to determine if the
results will have long-term refractive stability without
sight-threatening complications.

PRESBYOPIA SURGERY

Presbyopia eventually affects everyone. People often
see presbyopia as a sign of advancing age and bifocals
as a handicap. The presbyopic population in the United
States is expected to double every 5 years until the year
2010 (320,321). Presbyopia usually occurs around 40
years of age. Aviators with presbyopia can experience
problems reading maps, charts, or seeing the instrument
panel. Approximately 56% of the civil airman population
is > 40 years of age. Many of these airmen are presbyopic
and need correction for near and/or intermediate vision
(322).

The long-established belief that presbyopia is caused
by an age-related loss of elasticity or hardening of the
crystalline lens has recently been challenged. Hardening
of the lens and lens capsule does not appear to start in all
individuals at the same time, nor does it progress at the
same rate. Presbyopia, however, occurs at the same age, +
1Y4 years, in 100% of the population (323). The ciliary
muscles, crystalline lens, and zonules are the 3 primary
components of the eye that provide accommodation. A
new theory for the onset of presbyopia is that the lens
continues to grow throughout life, while the eye, itself,
stops growing after puberty. At approximately 40 years of
age, the size of the crystalline lens begins to compromise



the space of the lens-zonule-ciliary muscle complex. As
the lens encroaches this area, the zonules become lax,
and the force of the ciliary muscle contraction cannot
be transmitted to the crystalline lens to allow the lens to
change shape (321,323,324). This theory regarding the
etiology of presbyopia has prompted refractive surgeons
to conduct clinical studies on different methods for the
surgical reversal of presbyopia, including Anterior Ciliary
Sclerotomy (ACS), Laser Presbyopia Reversal (LAPR),
and Surgical Reverse Presbyopia (SRP).

Anterior Ciliary Sclerotomy

Anterior Ciliary Sclerotomy (ACS) is based on the
theory that stretching and enlarging of the globe over
the ciliary body will alleviate crowding in the posterior
chamber (325). The procedure involves the placing of
shallow radial incisions in 4 quadrants of the conjunctiva,
beginningat the limbus and carried back to the pars plana
to avoid retinal complications (Figure 18). ACS provides
more space for ciliary muscle contraction to force the
vitreous forward, increasing focus power and providing
accommodation.

Figure 18. Anterior sclerotomy involves making
radial incisions into the sclera to expand the ciliary
sulcus and increase the space for the crystalline
lens to accommodate

ACS incisions were initially made outside the limbus,
which resulted in regression during the healing process
(325). Incisions were later made in the 4 oblique quad-
rants of the conjunctiva with the patient under topical
anesthesia. Radial incisions, 3mm long and 600 pm
deep, were made in each quadrant, spread apart manually
with a specially designed forceps (Enhanced ACS). No
sutures or cauterization were used in the incisions, and
the conjunctiva was closed to prevent infection. While
spreading the incisions initially enhanced the results, the
effect again regressed to near preoperative levels due, in
part, to wound contraction during healing.

The marked regression with the initial and enhanced
ACS suggested thata plug was needed to keep the incision
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open. Silicone was used for the scleral expansion plug
(SEP) because of its stability and that the plug could be
shaped in the operating room. The dimensions of the SEP
were 2.5 mmlong, 0.6 mm high, and 0.6 mm wide. These
measurements were calculated on the estimated incision
length, depth, and the desired circumferential expansion
of the sclera. The addition of the SEP blocked the wound
closure and maintained the scleral expansion, resulting
in a gain of accommodative amplitude (325).

The ACS procedure requires a great deal of surgical
skill. Operative complications can include compromise
of the limbal conjunctival barrier if the incisions are
made too long or hemorrhage if the incisions are cut too
deep (3206), so the use of an ultrasonic biomicroscopy to
measure scleral thickness is essential. In addition, if there
is a posterior perforation in the ciliary body, there is a
risk of RD, while an anterior perforation can result in
a peripheral iris injury or prolapse (326). Postoperative
complicationsinclude infection, ocular hypotension, and
a myopic shift of 0.50 D to 2.00 D due to a reduction
of the axial length.

A pilot study reported, at 6-months postoperative, the
accommodative amplitude ranged from 1.9 D t0 4.7 D,
with a mean of 2.9 D, and the ability to read Jaeger J1 to
J2 at near with distance correction. The surgery lowered
intraocular pressure (IOP) by an average of 2 to 4 mm Hg.
Limbal perforation with an irregular pupil and perfora-
tion into the ciliary body requiring a suture occurred in
only one case. There was neither visual loss nor infections
reported. However, some patients did experience myopic
shifts of 0.50 D to 1.00 D (321,327).

ACS is still investigational. The techniques need to be
improved and standardized for consistent and reproduc-
ible results.

Laser Presbyopia Reversal

Laser Presbyopia Reversal (LAPR) is performed with
the SurgilLight IR-3000 infrared laser (3 pm), which
incorporates a beam-shaping delivery unit and scanning
mechanism (328) (Figure 19). The conjunctiva is opened
mechanically, and the laser is used to make 8 excisions
in the sclera outside the optical zone in a spoke-like pat-
tern. The excisions are approximately 2.5 mm long and
400 to 500 pm deep, depending on limbal thickness
measurements taken before surgery (329).

Regression does not occur with LAPR since the excisions
do not close during the healing process. It is theorized
that the troughs remaining after the laser excision be-
come filled with subconjunctival tissue within 12 to 24
hours, and this tissue is more flexible than the original
scleral tissue.



SurgiLight IR-3000 Infrared

Figure 19.
Laser

The LAPR procedure offers a number of advantages.
Unlike other surgical presbyopia treatments, with LAPR
there is no need for suturing any type of implants to the
sclera, thus avoiding their potential complications or side
effects. In addition, because the infrared laser partially
coagulates blood vessels as it removes tissue, it makes a
very clean excision of tissue.

Possible risks from LAPR include ocular hypotony,
infection, and scleral perforation. Caution must be ap-
plied in cases of thin sclera. Since the conjunctival pe-
ritomy may cause subconjunctival hemorrhages, clinical
researchers are evaluating a transconjunctival approach
to minimize bleeding and shorten the procedure, which
now takes approximately 30 minutes. In addition, since
the sclera is weakened, studies will be required to deter-
mine whether this procedure places eyes at greater risk to
rupture following blunt trauma. Furthermore, because the
excisions are transparent and expose the bluish hue from
the uvea, some patients may have a long-term cosmetic
problem. The LAPR procedure may be contraindicated
for patients with glaucoma, cataracts, uveitis, dry eyes,
collagen vascular disease, and diabetes.

Patients (n=70 eyes) between the ages of 42 and 65 were
treated in clinical trials in Venezuelaand Argentina. LAPR
was performed in 1 eyeand repeated 1 to 4 monthslaterin
the second eye. Patients had near vision of J6 to J7 before
surgery, butwithin 2 weeks after surgery, accommodation
increased by 1 t0 2.5 D, with further improvement within
2 weeks to 2 months. Distance vision remained the same.
Although postoperative near vision ranged from J3 to ] 1,
monocularly, when vision was tested binoculary visual
acuity increased. Almost no visual regression occurred up
to 18 months after surgery. There was reported foreign-
body sensation and an increase in dryness for a few days
after surgery. One patient described minimal distortion
of vision on day 1 postoperative, but this cleared by day
2. Some eyes remain red for about a month.

To date, most of the LAPR clinical trials have been
obtained through small, private clinics outside the United
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States. Larger, controlled clinical trials are beginning in
Europe. SurgiLighthas received permission to patent this
technology, and the first trials in the U.S. were cleared
in January 2003 by the FDA under an Investigational
Device Exemption (330).

Surgical Reverse Presbyopia

Surgical Reverse Presbyopia (SRP) is a new technique
that allows the ciliary body to expand and stretch out-
wardly, increasing the distance between the lens equator
and the ciliary muscle, which appears to restore accom-
modation (323) (Figure 20). The procedure is based on
Schachar’s theory thataccommodation decreases with age
because the crystalline lens grows concentrically, decreas-
ing the space between the ciliary body and the lens.

HOW SRP WORKS
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Figure 20. Surgical Reversal of
Presbyopia (SRP)

After several design changes, a technique was de-
veloped for the placement of 4 separate PMMA scleral
expansion bands (SEB) into partial-thickness scleral
tunnels (Figure 21). Each tunnel is located 3.50 mm
posterior to the limbus in the oblique quadrants (323).
A lamellar diamond knife creates the scleral tunnel 5.0
mm in length and 150 pum in thickness. The SEB (4.0
mm in length, 900 pm in width, 0.3 mm in depth) is
inserted into the tunnel, with the 2 ends outside of the
tunnel on the scleral surface.

Selection criteria for candidates for SRP are patients
between the ages of 40 and 70 years, no refractive error

insartion
of scleral
expansion

scleral tunnel ™
completed
with lamellar
diamond blade

sclerotomy
incision

2 points 2.75 mm
from limbus and
4.0 mm apart

Figure 21. Insertion of scleral expansion
bands (SEB)




at distance, and with binocular vision (i.e., vision in both
eyes). Patients < 40 are considered if they are slightly
hyperopia (< +1.00 D) and are having difficulty with
near-work requirements (323).

Contraindications for SRP include prior cataract extrac-
tion, scleromalacia (degeneration or thinning of sclera),
previous trabeculotomy, blood coagulation abnormalities
(widespread blood clottingand/or profuse hemorrhaging),
collagen-vascular diseases, developing cataract, and poorly
controlled glaucoma. Relative contraindications include,
monocularity, > 70 years of age, severe keratoconjunctivitis
sicca, insulin dependant diabetes, and hyperopia > +1.00
D (323). (Note: Candidates with these relative contrain-
dications are evaluated on a case-by-case basis.)

Inaninitial study, preoperative eyes had an average of 2.1
D ofaccommodation. One month after surgery, 9 patients
had amplitude of accommodation ranging from 3.3 D
to 5.5 D, with an average of 4.3 D. (Note: Interestingly,
the fellow eye, which did not have the implantation, also
gained amplitude after surgery, averaging 3.5 D.) It was
postulated that this phenomenon was probably due to a
central nervous system mechanism (321). Complications
from the procedure have been minimal. One patient had
conjunctival suture dehiscence (separation) that required
a conjunctival graftand 5 patients had segment rotation.
Surgery with SEB appears to restore accommodation.
However, the procedure isstill evolving and predictability
needs improvement (321).

Currently, the FAA does not allow procedures such as
ACS, LAPR, and SRP for the correction of presbyopia
in civil airmen. These procedures are still in their investi-
gational stages, and it is impossible to predict how these
procedures might perform in an aviation environment.
Airmen should be cautioned against having any investiga-
tional procedure performed withoutunderstanding how it
may affect their ability to receive a medical certificate.

WAVEFRONT TECHNOLOGY

Lasers used for refractive surgery have gone through
several generations of upgrades. Wavefront technology is
a term used to describe laser systems that can customize
the IntraLASIK or LASIK procedures. While results have
been good, and in some cases better than non-wavefront
treatments for specific patients, not everyone qualifies for
thisapproach because of FDA recommendations and the
limitations of the technology.

A wavefront-guided system consists of 2 parts: a wave-
front sensor and a programmed excimer laser, based on
information from the sensor (331). The wavefront sensor
system includes a fixation target, an input laser beam
that generates a point light source, a wavefront sensor
that measures the slope of the exiting wavefront, and
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software that will determine the characteristics of the
ablation for the excimer laser. A visual fixation target
assists the patient in maintaining view, direction, and
accommodation during the wavefront measurement. As
the patient fixates, a laser beam is directed into the eye
that generates a point light source onto the retina. This
light is reflected from the retina back through the pupil,
and the wavefront of the light leaving the pupil is relayed
to the wavefront sensor. The wavefront is distorted by the
refractive properties in the ocular media. When the beam
enters the eye, it has a flat wavefront, but after traveling
through the cornea, crystalline lens, and the other ocular
media, the flat wavefront becomes irregular and analysis
reveals the aberrations of the optical system (331).

Conventional refractive surgery corrects 2 types of
refractive error, spherical and cylindrical. Wavefront-
guided refractive surgery creates treatments tailored to
the individual eye based on the total wavefront error
in patients’ eyes, rather than the conventional manifest
refraction (331,332,333). It is thought that more than
40% of eyes have higher order aberrations that are 0.25
D or higher. If the pupil size is increased from 3 to 6 mm
in diameter, this aberration can alter the spherocylindrical
data by several diopters.

Once the wavefront map is known for low-order aber-
rations, how much tissue to ablate can then be calculated.
However, conversion of higher-order aberrations is more
difficult. Based on the beam characteristics, energy per
pulse, repetition rate, pulse size and pulse shape, and
other factors, special algorithms can be generated for
a treatment table that defines the location, size, and
sequence of each laser.

There are several companies that produce lasers capable
of performing wavefront guided treatments. These include
VISX® CustomVue®, Bausch and Lomb® Zyoptix®,
Alcon® CustomCornea®, and WaveLight Laser Tech-
nologie, Allegretto Wave™. All of these systems have
FDA approval.

The VISX® CustomVue® laser uses SmartBeam™
technology, which adjusts beam size and shapes ranging
from 0.065 to 6.5 mm to allow for personalized refractive
treatments. It also uses the ActiveTrak™ 3-D Active Eye
Tracking that can captureall 3 dimensions of intra-opera-
tive eye movements without the requirement of pupillary
dilation. The Variable Spot Scanning (VSS™) technology
adds a blend zone that increases the ablation zone by
51%, increasing the overall diameter of the ablation to 8
millimeters. This system is reported to remove minimal
corneal tissue, have a shorter treatment time, and greater
flexibility to personalize the laser treatment (334).

The Bausch and Lomb® Zyoptix® laser uses a 2 mm
“flying spot beam.” Each spot ablates the corneal tissue
in a pattern that allows the debris to clear in one place



before contacting that area again. This allows each pulse
to polish the corneal surface for asmoother result, and the
scanner feedback mechanism ensures that every pulse is
placed exactly as prescribed, with no laser beams fired at
consecutive locations or overlap. No dilation is required,
so there is quicker recovery time and less discomfort
during the surgery with a maximum treatment area of
up to 14 mm (335).

The Alcon® CustomCornea® uses the LADARVi-
sion® tracking system and the LADARVision 4000 laser
system. The tracking device uses a closed-loop technology,
which compensates for eye movements through continu-
ous, constant feedback on the location of the eye (more
than 4,000 times per second), telling the laser where the
eye will be at the precise moment the laser is applied.
This system reshapes the cornea by correcting for both
lower- and higher-order aberrations (336).

The Allegretto Wave™ laser (WaveLight Laser Tech-
nologie, Erlangen, Germany) features a spot 200Hz,
Gaussian-shaped 0.95 mm flying spot, an active tracker
with a response time of less than 6.0 milliseconds, does
not require dilation of the eyes, and can be used for the
treatment of both hyperopia and myopia. At 1-year
postoperative, results from the FDA Allegretto myopia
study treated for up to -12 D of myopia and 6.0 D of
astigmatism reported that 85% of eyes were within + 0.5
D of target range, and more than half of the eyes (56%)
achieved UCVA 0f 20/16. Even the high myopes did well
with 80% of those eyes, with > - 7.0 D within + 0.5 D
of target range, compared to 86% of those with < - 7.0
D. Of those with > - 7.0 D of myopia, 80% achieved
UCVA of 20/20 or better, while 89% of those with <
-7.0 D attained the same results. Only 0.6% lost 2 or
more lines of BSCVA, while more than 58% gained
1 or more lines. Patients in the trials were asked how
much glare they experienced from bright lights (e.g.,
headlights, and/or streetlights) before and after LASIK.
There was an overall improvement in nighttime visual
function and night driving (337). Investigators believe
that this technology delivers excellent refractive results,
with no spherical aberrations and a larger optical zone.
By preserving the optical zone size and better shaping of
the ablation profile, nighttime visual function improved
(338,339). The Allegretto laser has been used worldwide
for several years and has been FDA approved in the USA
since late 2003.

Wavefront-guided technology, along with improved
microkeratomes, better eye tracking with the laser, and
more precise information from the aberrometer to the
laser is reported to improve outcomes and decrease
the need for enhancement procedures. Some optical
aberrations, however, will still be present because laser
ablation always induces new errors. Currently, wavefront
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technology is recommended for those patients with pupil
diameter greater than 6.6 mm, require optimum night
vision, have higher prescriptions, and a large number of
higher-order aberrations. This new technology comes at
higher cost. Wavefront technology can add $100 to $400
per eye to the cost. Patients for which custom wavefront
LASIK is either unnecessary or unsuitable include those
with refractive error outside the FDA-approval range,
thin corneas, pupil diameters less than 5 mm, and a
large disparity between the manifest refraction and the
wavefront aberrometer-derived refraction (340). There
is limited data from wavefront technology that can be
compared with standard LASIK data (340). One compara-
tive study of 12 patients with standard LASIK in 1 eye
and wavefront LASIK in the contralateral eye reported
at 6 months postoperative an UCVA of 20/40 or better
in 100% of eyes in both groups and 20/20 UCVA in
67% (8 eyes) with wavefront and 83% (10 eyes) with
standard LASIK (341). Kaiserman et al. (342), reported
that at 1 month after surgery UCVA of 20/20 or better
was achieved by 72% of those with wavefront LASIK
and 70% of those with standard LASIK. However, 88%
of those with wavefront LASIK and only 40% of those
with standard LASIK had improved contrast sensitivity
measurements at one-month postoperative (342). It will
be interesting to see how this technology performs after
more long-term clinical data become available.

FEMTOSECOND LASER

Complications associated with LASIK are often related
to the use of mechanical microkeratomes (343,344). Mi-
crokeratomes have a cutting accuracy of approximately +
60pm. A microkeratome set to cut an 180pm flap could
produce a flap of 120pm to 240pm, which could prove
unacceptable if large amounts of tissue are to be removed
to correct high myopia. In addition, mechanical micro-
keratomes do not cut a perfectly planar flap. Often a flap
is cut that varies in thickness between the peripheral and
central areas. This can result in thin or irregular flap and
induce astigmatism.

The FDA has approved the Intralase femtosecond
(ES) laser keratome, which has several advantages over a
mechanical microkeratome. The laser keratome usesa spot
size of about 3 pm creating the flap by placing tiny bursts
of energy ata prescribed depth in the stroma (Figure 22).
Because thislaser is computer-controlled, the surgeon can
cut flaps as thin as 100pm with an accuracy of + 5um,
leaving more tissue to be photoablated for higher correc-
tions (345-347). There have been no reported partial or
buttonhole flaps, epithelial sloughs, or free caps to date
(345,347,348). Additionally, it has been reported that no

procedures have had to be aborted due to loss of suction,



as sometimes happens with mechanical microkeratomes
(345). The surgeon has the ability to customize the flap’s
thickness or hinge location and can change the edge angle
to various degrees to eliminate the risk of epithelial in-
growth, thereby providing greater flexibility than can be
attained with mechanical microkeratomes (345-347). It
has been reported that surgically induced astigmatism in
spherical corrections was significantly less with the Intra-
Lase (346). There were also decreased epithelial injuries
(345) and a reported shorter learning curve compared
to mechanical microkeratomes (345).

Figure 22. IntraLase FS Laser
Keratome procedure

There are disadvantages to this new technology. It
takes about 45 to 50 seconds to create a flap with the
ES laser keratome, as opposed to 10 to 12 seconds with
a mechanical keratome. Some patients may require an
additional 10- to 15-minute delay for the opaque gas
bubbles that form to dissipate before lifting the flap for
treatment (345). Surgical time is increased, leaving the
stroma exposed for a longer period, which has resulted
in some patients complaining of photophobia follow-
ing surgery. Postoperative care is the same as used with
mechanical microkeratome flap, as is visual recovery. The
only visible difference is the appearance of the flap over
time. Flaps created with the FS laser keratome have very
well-defined borders, and the outline of the flap is much
easier to see than the borders created with the mechanical
microkeratome (345).

Future applications for the FS laser may include in-
trastromal photoablation. Intrastromal ablation could
induce refractive change without cutting a flap, i.e., the
laser would vaporize tissue to leave a cavity. With minimal
damage to the cornea, the computer would put several
cavities together in a line and in layers. Theoretically,
once the cavity is created within the cornea, the cornea
will change shape. A cavity in the central cornea would
produce a myopic correction, while one in the periphery
would correct hyperopia. In addition, clinical trials are
using the FS laser to cut the channels necessary to insert
intracorneal rings, so this refractive procedure may once
again become an option for patients (345,348).

Inlays and Onlays

An alternative to removing corneal tissue is the devel-
opment of a synthetic material that mimics the cornea’s
collagen, which can be added to the cornea. An onlay
made of a biocompatible polymer is cemented to an area
of the cornea where the epithelium has been removed.
Epithelial cells regenerate and cover the onlay (Figure
23). Research has indicated thata collagen Type I, coated
polymer material mimics the basement membrane of
the corneal epithelium and promotes the most favorable
growth of epithelial cells 772 vitro, in comparison to wholly
biological or other synthetic materials (349).

Researchers from Australia and Finland have implanted
onlays on feline corneas and found that epithelial growth
began on postoperative days 1 and 2 and were fully
epithelialized by 5-11 days. The corneas remained clear,
and histological studies showed that the onlays were
well tolerated (351,352). Another possibility is to cut a
flap, insert the same synthetic material used for onlays
in the stromal bed, and then replace the flap (i.e., inlay
procedure) (Figure 24). This procedure may present a

greater challenge, and duplicates of some of the problems
encountered with the flap used for LASIK.
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Figure 23. Placement of corneal onlay
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Figure 24. Inlay procedure
AEROMEDICAL ISSUES

Civil airmen with RK procedures were initially al-
lowed to obtain FAA medical certificates through a
waiver process. Airmen were to discontinue flying for 6
months after having RK and then were required to apply
for a new certificate. At the time of their examination,
they were required to submit a “Report of Eye Evalua-
tion” (FAA Form 8500-7), completed by their eyecare
specialist verifying that healing was complete, vision was
stable, and they met the vision standards for the applied
certificate class. A follow-up eye evaluation report was
required 6 months after an airman medical certificate was
issued. To expedite tracking of this procedure, in 1983
the FAA’s Aerospace Medical Certification Division as-
signed RK its own pathology code (130). This code was
placed on the medical records of all airmen with RK.
By the early 1990s, applicants with RK could obtain a
medical certificate without a waiver by passing the visual
acuity standards for their class of medical certificate. Air-
men who had a current medical certificate and had RK
performed were to discontinue flying until an eye care
specialist verified that their vision was stable and they
had been released (352). An eye evaluation report (FAA
Form 8500-7), completed by the surgeon who performed
the procedure or another eye care specialist familiar with
the applicant’s ophthalmological history, was submitted
to the FAA verifying that the airman could meet these
conditions and return to flying. If an airman with RK
had not submitted a previous eye evaluation report, one
was required at the time of certification renewal.

Although the FDA did notapprove the firstexcimer laser
forusein the US until October 1995, applicants with PRK
applied for and received FAA medical certificates prior
to that date. These airmen had gone to foreign countries
for this procedure or were in the original investigational
studies. Additionally, when surgeons changed to primarily
performing LASIK, applicants applied for and routinely
received their medical certificates. No waiver process is
currently required forairmen with PRK or LASIK for them
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to receive a medical certificate. The present regulation for
airman applicants with refractive surgery states:

An applicant who has been treated with refractive sur-
gery may be issued a medical certificate by the Aviation
Medical Examiner (AME) if the applicant meets the
visual acuity standard and the “Report of Eye Evaluation”
indicates that healing is complete, visual acuity remains
stable, and the applicant does not suffer from significant
glare intolerance. This state of recovery is usually reached
within 6- to 12-weeks after surgery (352).

A study of civil airmen with refractive surgery reported
an increase of approximately 37% in the number of such
airmen between the periods 0f 1994-1996 to 1997-1998.
In addition, there was a change in the distribution of the
types of refractive surgery procedures. While the largest
number of civil airmen had RK, that percentage had
decreased and the percentage of airmen with LASIK
procedures had more than tripled (Figure 25) (353).

A later study of civil airmen with refractive surgery
looked at the total civil airman population for the years
1996 to 2001 (Figure 26). The results of this study reaf-
firmed those of the previous study. A greater number of
civilairmen had LASIK (61%); while the prevalence of RK
decreased to 24%. Interestingly, PRK has decreased from
10% to 5%. This information confirms that civil airmen
are continuing to have refractive surgery performed and
suggests that they do not see it as a hindrance to flying
or in obtaining an airman medical certificate.

SUMMARY AND DISCUSSION

During the last decade, there have been several new
procedures introduced to reduce refractive errors, mak-
ing it possible to see without contact lenses or glasses.
Procedures for hyperopia, myopia, astigmatism, and now,
presbyopia, are being performed in increasing numbers.
RK, which was introduced in the late 1970s and gained
widespread popularity, has been replaced by other pro-
cedures due to reported patient dissatisfaction and many
short-and long-term complications. Long-term prospec-
tive evaluations of RK reported that thereisa continuation
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of progressive hyperopic shifts and reduction of corneal
strength (Note: Ruptures at the incision sites have been
reported more than 10 years after surgery [10-13]). Even
more worrisome in the aviation environment are diurnal
fluctuations of vision of more than 1.50 D and altitude-
induced corneal changes (14-19).

After extensive investigational trials, in 1995 the FDA
approved the excimer laser for PRK refractive surgery.
There was, however, reported patient dissatisfaction with
postoperative pain, long recovery time, and refractive re-
gression. In addition, early treatments had problems with
haze, halos/glare, decreased visual performance at night,
and dry eye problems, which raised concerns regarding
PRK in the aviation environment. Due to these problems
with PRK, refractive surgeons developed LASIK, which
quickly became the surgery of choice. LASIK requires more
surgical skill with the addition of the microkeratome to
cut the corneal flap. Since there were no investigational
studies prior to surgeons routinely performing LASIK,
there were no clinical data regarding the possibility of
operative and postoperative complications. Some sur-
geons, remembering the long-term, postoperative prob-
lems with RK, cautioned against the use of LASIK until
more long-term clinical data became available. However,
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as of June 2002, there have been more than 9.5 million
LASIK procedures performed and, of those, more than
5.1 million were performed in the U.S. Information is
now being published with increasing frequency, some
reporting long-term and rather severe complications.
Many of the complications (e.g., under/over correction,
loss of BSCVA, glare/halos, reduced visual performance in
dim illumination, severe dry eyes, dislodged, or detached
corneal flap up to 38 months postoperative) have raised
concerns regarding the use of LASIK in the aviation
environment.

The scientific evolution in adaptive optics shows that
the human eye can achieve visual acuity of better than
20/15 with improved image quality. The application of
adaptive optics has added to our knowledge about vision
and has led to advances in diagnostic technology. New
refractive alternatives will need to effectively correct
lower-order aberrations while inducing fewer higher-
order ones. New refractive techniques will need to have
4 critical ingredients: be safe and effective, maintain an
aspheric cornea, minimize insult to the visual axis, and
minimize tissue loss.

Optimum vision is essential for pilots who must detect
and identify airborne traffic as well as hazards that may be
on the runways or taxi lanes. Cockpitinstrumentationand
printed materials (e.g., charts, maps, and flight manifests)
must be clearly visible to ensure that proper flight pro-
cedures and safety are maintained. It is unknown at this
time how the long-term effects of refractive surgery may
affect the performance of civil airman and if the known
refractive surgery complications summarized in this paper
may be exacerbated by age. It is important that pilots be
aware of possible problems that may result from having
refractive surgery that may affect their ability to safely
perform aviation tasks. The news media and advertis-
ers continues to promote the benefits of laser refractive
surgery and often fail to report on patients who have



less than ideal outcomes. There are sites on the Internet
where refractive surgery patients whose procedure resulted
in less-than-perfect results can voice their concerns and
organize support groups in their area (354). To provide
the aviation community with information to formulate
administrative decisions and policies associated with
both current and new refractive surgical procedures and
techniques, continued monitoring of current refractive
surgical procedures and clinical results of new refractive
surgery techniques are required.
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APPENDIX A
THE EYE
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