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REFRACTIVE SURGERY IN THE CIviL AIRMAN PoPULATION BY CLASS
OF MEDICAL CERTIFICATE AND BY AVIATION OCCUPATION

INTRODUCTION

Optimum vision is essential for pilots who must
detect and identify airborne traffic as well as hazards
that may be on runways and taxi lanes. Printed
materials, such as flight manifests, charts and maps,
and cockpit instruments need to be clearly visible to
ensure that proper flight procedures and safety are
maintained.

Refractive error is an optical defect that prevents
light rays from being focused as a clear, single image
on the retina. Refractive conditions include myopia
(nearsightedness), hyperopia (farsightedness), and
astigmatism that are normally corrected with oph-
thalmic lenses (eyeglasses, contact lenses). There are
approximately 145 million Americans (54.6% of the
U.S. population) who are dependent upon spectacles
or contact lenses to achieve a quality of vision satis-
factory for their daily needs. With the advent of
refractive surgical procedures there is considerable
marketing pressure to induce those with a refractive
error to free themselves from their dependence on
glasses or contact lenses.

Civil airmen with radial keratotomy (RK) refrac-
tive surgical procedures have been allowed to obtain
Federal Aviation Administration (FAA) medical cer-
tificates since the early 1980s. Currently, newer re-
fractive surgical procedures, such as photorefractive
keratectomy (PRK) and laser-assisted in situ
keratomileusis (LASIK), are available for airmen (see
Figure 1). At this time, applicants with refractive
surgical procedures may obtain a medical certificate
without a waiver if they meet the visual acuity stan-
dards for the class of medical certificate applied, and
an eye specialist verifies that healing is complete,
their visual acuity is stable, and no significant glare
intolerance is present (1).

Refractive surgical procedures performed in the
United States have increased and continued growth is
projected. A survey of refractive laser manufacturers
and service providers predicted a 100% increase in
U.S. laser refractive procedures from 1996 to 1997,
with LASIK representing 29% of these procedures

(2). It is estimated abour 1 million laser refractive
procedures will be performed annually in the U.S. by
the year 2000 (3).

There have been reports of numerous side-effects
associated with refractive surgical procedures. These
include: glare (4,5,6), halos around lights (7,8), re-
duced contrast sensitivicy (9,10), refractive regres-
sion (11), fluctuating visual acuity (9,12), reduced
best corrected visual acuity (13,14), and post-opera-
tive corneal haze (15). These signs and symproms
suggest that the quality of vision after refractive
surgery may prove unacceptable in a cockpit environ-
ment. In addition, it is not known if post-refractive
surgery problems could be compounded by the not-
mal age-related decline in vision.

A Triservice Working Group on Refractive Sur-
gery requested the FAA’s Civil Aeromedical Institute
in Oklahoma City, OK, study demographic and
operational data of civil airmen with refractive sur-
gery. The armed services are interested in the future
application of refractive surgery in selected military
occupational groups, including aviators. This report
discusses the initial findings of an epidemiology
study that reviewed the aeromedical certification
experience of airmen with refractive surgery. It spe-
cifically examines the prevalence of refractive surgery
in the civil airman population by class of medical
certificate and by aviation occupation for the study

period 1994-96.

METHODS

A list of active airmen with FAA-specific pathol-
ogy codes 130 (radial keratoromy) and 5179 (general
eye pathology with surgical prefix) during the period
1 January 1994 through 31 December 1996 was
generated. This information was extracted from the
Consolidated Airman Information System medical
database, maintained by the FAA’s Application Sys-
tems Division at the Mike Monroney Aeronautical
Center in Oklahoma City, OK. Medical records of
those airmen with pathology code 5179 were re-
viewed, to identify those airmen who had refractive
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surgery. (Note: The 5179 code is assigned to appli-
cants with various eye surgeries, including refractive
surgery.) Data from airmen identified as having had
refractive surgery through a record review and those
airmen with pathology code 130 were collated into a
database. This refractive surgery database was com-
pared to the average of the total, first-, second-, and
third-class civil airman populations during the study
period. This data was extracted from the Aeromedical
Certification Statistical Handbook, which is pub-
lished annually by the Civil Aeromedical Institute’s
Aeromedical Certification Division (16).

Airmen with refractive surgery were further strat-
fied by aviation occupation according to aeromedical
certification guidelines. The captain, co-pilot, and
first and second officers of scheduled and nonsched-
uled airlines are identified as first-class medical cer-
tificate holders that have an occupational code 1
designation in their medical records. Flight engineers
are first- or second-class medical certificate holders
who carry occupational code 2 designation (17).

RESULTS

Review of the 202 medical records of airmen
carrying pathology code 5179 revealed that 53 air-
men had refractive surgical procedures. Combining
these records with the 3,708 airmen that carried
pathology code 130 resuited in a total of 3,761
airmen who had some form of refractive surgery
during the study period. The total average civil air-
man population for the period was 605,296. Figure 2
illustrates the division of the total average civil air-
man and refractive surgery population by class for
1994-96. The prevalence rate for refractive surgery in
the total average civil airman population was 6.21/
1,000 airmen for the study period. By class of medical
certificate, the prevalence rate was 3.60/1,000 for
first-class, 6.26/1,000 for second-class, and 7.43/
1,000 for third-class airmen (see Table 1).

The average age of the refractive surgery popula-
tion was 43.1 years. By class of medical certificate,
the average age of airmen with refractive surgery was
38.6 years for first-class, 43.0 years for second-class,
and 44.2 years for third-class (see Table 1).

THE PREVALENCE RATE PER 1,000 AIRMEN FOR REFRACTIVE SURGERY
BY CLASS OF MEDICAL CERTIFICATE HELD

CLASS | 3.60/1,000
CLASS 1I 6.26/1,000
CLASS i 7.43/1,000
TOTAL 6.21/1,000

TOTAL AVERAGE CIVIL AIRMAN AND REFRACTIVE SURGERY POPULATION
BY CLASS AND AGE 1994-96
TOTAL REFRACTIVE
CLASS | 39.0 38.6
CLASS I 43.0 43.0
CLASS Il 43.6 442
TOTAL 42.2 43.1
TABLE 1



TOTAL AVERAGE CIVIL AIRMAN & REFRACTIVE
SURGERY POPULATIONS BY CLASS: 1994-96
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FIGURE 2



TOTAL AVERAGE CIVIL AIRMAN &
REFRACTIVE SURGERY POPULATIONS
BY OCCUPATION CODE: 1994-96

Code 2 Code 2
(1,305) (8)

TOTAL CIVIL AIRMEN (n = 71,304) TOTAL REFRACTIVE SURGERY (n = 133)

PREVALENCE RATE PER 1,000 AIRMEN

CODE 1 1.79/1,000
CODE 2 6.13/1,000
TOTAL 1.87/1,000

FIGURE 3



A total of 125 airmen was identified as being
employed as a captain, co-pilot, or first and second
officer (code 1), and 8 airmen were identified as flight
engineers (code 2). Of those airmen who carried an
aviation occupation code 1 or 2, the prevalence rate
for refractive surgery was 1.79/1,000 airmen for code
1, 6.13/1,000 airmen for code 2 and 1.87/1,000
airmen for the total population (see Figure 3).

Table 2 identifies those airmen with refractive
surgery by aviation occupation code, by employer,
and by gender (see Table 2).

DISCUSSION

The use of eyeglasses to correct refractive problems
may have disadvantages for pilots. Spectacle frames
can reduce the field of vision, be uncomfortable when
not properly fit, displaced during flight maneuvers
(G-forces), and are often incompatible with commu-
nication and protective breathing equipment. Spec-
tacle lenses may also be dislodged in-flight and fogging

can occur with changes in air temperature.

TABLE 2

TOTAL REFRACTIVE SURGERY POPULATION BY OCCUPATION,
BY EMPLOYER, AND GENDER: 1994-96

EMPLOYER CODE 1 CODE 2
Males Females Males Females

American Airlines (AAL) 3

American Eagle (AEA) 2

America West (AMW) 12

Alaska Airlines (ASA) 3

Atlantic Southeast (ASE) 1

Business Express (BEX) 1

Continental Airlines (CAL) 13

China Airline (CHIN) 1 2
Delta Airlines (DAL) 6 1
Evergreen Airlines (EVR) 1 1
Federal Express (FDX) 3

Hawaiian Airlines (HAI) 2

Horizon Airlines (HZA) 3

Mesa Airlines (MSA) 2

Midway Airlines (MWA) 1

National Aeronautical Space Administration (NASA) 1

Northwest Airlines (NWA) 6

Piedmont Aviation (PAl) 2

Saudi Arabian Airlines (SAA) 8 2
Simmons (SIM) 1

Southwest Airlines (SWA) 7

Aloha Airlines (TPA) 1

Trans World Airlines (TWA) 6

United Airlines (UAL) 9

United Parcel Post (UPS) 4

U.S. Air (USA) 21

Air Force, Military (MIAF) 1
Total 120 7




Contact lenses can have inherent advantages for
pilots over spectacle correction, including, more natu-
ral vision, entire field of vision in focus, no lens
fogging or water droplet accumulation, no discom-
fort due to weight, and no annoying obstruction
from the frame or distracting reflections from the
lenses. However, contact lenses have been displaced
and even lost in flight. Airmen have also reported
removing a contact lens in-flight, primarily due to
dryness or a foreign body beneath the lens (18).
Furthermore, the aviation environment includes low
barometric pressure and relative humidity, which
may affect contactlens wear. Corneal edema has been
reported in seemingly well-fit contact lens wearers
with altitude hypoxia (19). There is evidence of less
lens movement and increased conjunctival injection,
both indications of a tighter fit, with soft contact
lenses in the 10-15% relative humidity of an aircraft
(20). Soft contact lenses can dehydrate in low humid-
ity, resulting in visual performance (low-contrast
acuity) loss (21).

This study shows that refractive surgery is preva-
lent in all classes of civil aeromedical certificate
holders. The highest prevalence rate is in third-class
airmen, predominately private pilots, while the low-
est prevalence rate is found in first-class airmen,
normally airline pilots. A substantial complement
(n=133) of flight crewmembers for commercial carri-
ers were found to have had refractive surgery. Based
on the increase in the number of surgical procedures
performed in the United States and the growth pro-
jected in the near future, the prevalence rate of
refractive surgery is expected to increase in the civil
airman population for the next several years.

Civilian pilots may be more likely to opt for eye
surgery to correct refractive error due to an actual or
perceived operational concern with spectacles and
contact lenses in the aviation environment. In addi-
tion, pilots need to meet occupational or recreational
vision standards, not normally required for the gen-
eral population. Professional pilots’ medical stan-
dards are not only more stringent, their physical
examinations must be performed more frequently.
However, before a pilot elects to have refractive
surgery performed, he/she should be aware of the
possible side-effects associated with refractive sur-
gery procedures (4-15). Such visual side-effects could
compromise a pilot’s ability to safely fly an aircraftin

some situations. Reportedly, visual problems from
refractive surgery in one eye have persuaded patients
not to have the surgery performed on the other eye
(22). Others patients have discontinued driving at
night as a result of vision problems resulting from
refractive surgery (7,8,23). Although these cases are
infrequent, for the professional pilota poor refractive
surgical result could jeopardize his/her aeromedical
certification and aviation career.

The long-term effects of newer refractive surgery
techniques, such as PRK and LASIK, are not known.
How these procedures interact with the normal age-
related changes in vision requires further investiga-
tion. Since the average age of airmen with refractive
surgery was only 43.1 years, suggesting that these
pilots could continue to fly for three decades or
longer, it is recommended that special monitoring
and evaluation of possible operational problems in-
volving pilots with refractive surgery be performed.

Prior studies of vision deficiencies and aviation
accidents by the FAA have not specifically investi-
gated an association between refractive surgery and
operational problems in-flight. A search of the Na-
tional Transportation Safety Board Aviation/Inci-
dent Database, and the FAA Incident Data System
and Near Midair Collisions System Database from 1
January 1980 to 31 December 1996 did not identify
refractive surgery as a probable cause or contributing
factor in any aviation accident or incident. However,
since post-accident investigations rarely focus on
sensory deprivation as a factor in aviation accidents
this data could be misleading.

In conclusion, airmen who have had refractive
surgery are present in all classes of civil aeromedical
certificate holders, including a substantial number of
crewmembers who fly for commercial airlines. If the
increase in the number of civilian pilots who elect to
have refractive surgical procedures follows that pro-
jected for the general population, such procedures
will become more prevalent in the civil airman popu-
lation. This presence and the anticipated increased
incidence of refractive procedures in the airman popu-
lation warrant special monitoring. Monitoring would
provide a means for evaluating whether known, and
potential unknown, side-effects associated with re-
fractive surgery lead to operational problems in the
aviation environment.
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