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Nearsightedness (or myopia) has been recognised for
more than 2000 years'; during the past several cen-
turies, efforts have been made to determine its cause
and to devise adequate treatment. About a quarter of
the population in the West is nearsighted,'`3 and this
proportion rises to almost 50% in Asia.4 In the United
States nearly a quarter of people aged 12-54 are
myopic, and the proportion increases considerably
with family income and educational level. Myopia is
less prevalent in men and in blacks.2
Myopia occurs when parallel rays of light entering

the eye are brought to focus in front of the retina,
causing distant objects to be blurred while the near
vision is preserved.5 The amount of myopia is measured
in negative dioptres. A dioptre is the unit of measure of
the power of a spectacle or contact lens, and one
dioptre is equal to the power of a lens with a focal
length of one metre. Therefore, a subject who has
-5 00 dioptres of myopia needs a concave corrective
lens with a power of -5 00 dioptres to neutralise that
refractive error and provide normal visual acuity.
Among myopic people, 80% have up to - 6 00 dioptres
of myopia.
Treatment for myopia has included herbs and

procedures based on superstitions that predate
recorded history.6 For centuries prosthetic devices
such as spectacles were the only option to correct
myopia. Other non-surgical treatments such as ortho-
keratology,7 cycloplegic agents,8 and bifocal lenses9
failed to show effective or consistent results. Spectacles
provide an efficient optical solution but they are often
inconvenient, they limit some activities, and they are
considered unattractive by some people. Many myopic
people would like normal vision without dependence
on extemal devices, and this is what drives most
patients to consider ocular surgery. 10

Refractive surgery includes any operation intended
to alter the refractive state of the eye." The ideal
refractive surgical procedure should provide pre-
dictable, reversible, adjustable, and stable correction
without any loss of corrected visual acuity. Surgical
methods to treat refractive errors were first proposed a
century ago, and the main developments in this field
are shown in the table. There are currently more than

Main developments in refractive surgery for myopia

Year Author Contribution

1890 Fukala Removal of the lens for high myopia"
1894 Bates" Keratotomy for astigmatism
1898 Lans" Keratotomy for astigmatism
1949 Barraquer' Keratophakia and keratomileusis
1953 Sato et al11 Anterior and postenror radial keratotomy
1972 Fyodorov and Dumev' Antenror radial keratotomy
1979 Werblin and Klyce' Epikeratoplasty
1983 Trokel et aPl Excimer laser

20 procedures to treat nearsightedness: they can be
classified according to surgical technique (box)."
We review the major surgical procedures currently

performed in clinical practice to treat myopia, high-
lighting the aspects that are of interest to non-

ophthalmologists.

Refractive keratoplasty
The comea is the most powerful refracting surface of

the eye, accounting for more than two thirds of the
eye's optical power.'5 Refractive keratoplasty refers to
surgical procedures designed to correct refractive error

by altering the refractive state of the comea, either by
changing its anterior radius of curvature or by changing
its index of refraction. All refractive keratoplasty
procedures attempt to change the radius of the anterior
surface of the comea, except when intracomeal lenses
with a high index of refraction are used.

KERATOMILEUSIS

Keratomileusis was proposed by Jose Barraquer in
Colombia in 1949,15 and he first reported clinical
results in 1964.20 A disc of anterior comea approxi-

mately 9 mm in diameter and 300 ,um thick is removed
with a microkeratome (a cutting instrument consisting
of a vibrating plane that slides across the comea),
ground into a new shape, and sutured back into
position (fig 1). The button is reshaped by cryolathing,2'
cutting on a mould,22 or with the laser.

BMJ VOLUME 305 3 OCTOBER 1992

Surgical procedures to treat myopia

Refractive keratoplasty-surgical techniques that
change the comeal refractive power

* Lamellar techniques
Keratomileusis
Epikeratoplasty
Intracorneal lens
Lamellar keratoplasty

* Refractive keratotomy
Radial keratotomy
Transverse keratotomy for astigmatism

* Excimer laser (photorefractive keratectomy)
* Penetrating keratoplasty (refractive aspects)

Intraocular implants-surgical techniques that
change the power of the lens
* Aphakic intraocular lens
* Phakic intraocular lens

Posterior scleral support-surgical techniques that
act on the axial length of the eye
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Keratomileusis is indicated for high myopia (-5 00
to - 15 00 dioptres), especially when other techniques
are considered insufficient to achieve a desired result.'3
After the operation it may take up to six months for the
refraction to stabilise, 4 and most published series
indicate that the refractive results of keratomileusis are
unpredictable.2927
Major intraoperative complications include inadver-

tent corneal perforation (requiring a full thickness
corneal transplantation), irregular disc removal, and
irregular stromal carving."3 Postoperative complica-
tions include corneal opacities and irregular astig-
matism leading to loss of best corrected visual acuity, as
well as overcorrection and undercorrection.242728
Notwithstanding its inherent problems and difficul-

ties, keratomileusis was the first procedure that pro-
vided correction for high myopia. In the hands of a well
trained surgeon it offers a reasonable chance of
permanent correction of high myopia. The major
disadvantages of keratomileusis are its technical com-
plexity, the high cost of instrumentation, and unpre-
dictable refractive outcome. For these reasons only a
handful of surgeons in the world currently perform
keratomileusis.

EPIKERATOPLASTY

Motivated to simplify keratomileusis, Werblin,'8
Kaufman,29 and McDonald31 developed a new tech-
nique in 1979. In epikeratoplasty a lenticule cut from a
donated comea is placed on a de-epithelialised cornea
of the recipient (fig 2). The patient's epithelium then
re-covers the button.

Epikeratoplasty is indicated only for high myopia: of
a larger range than is indicated for keratomileusis.3"
The surgery decreases the refractive error in almost all
eyes, but the predictability, like that of keratomileusis,
is poor. Although uncorrected visual acuity is improved
in most people after epikeratoplasty, only 59% achieve
a refractive error within three dioptres of emmetropia,
and about 30% of patients lose some best corrected
visual acuity3 through irregularities of the corneal
surface and loss of transparency.

Because the lenticule may be removed, epikerato-
plasty has the advantage of being potentially reversible,
but it is certainly not an adjustable procedure. Among

FIG 1-Keratomileusis for myopia. Lamellar disc of patient's cornea is excised with the microkeratome,
carved on the cryolathe, and sutured back on the cornea, flattening its central curvature" FIG 2-
Epikeratoplasty. Lenticule cut from a donor cornea in a flatter curvature is placed on a de-epithelialised
cornea of the recipient" FIG 3-Hydrogel intracorneal lens. The technique consists of removing an anterior
corneal disc with the microkeratome, placing the lens on the corneal bed, and suturing the resected disc of
cornea back into position" FIG 4-Polysulfone intracorneal lens. The lens is implanted by placing it in a

manually dissected cornealpocket"

the reported complications are failure of the epithelium
to recover the lenticule, irregular astigmatism, loss of
best corrected visual acuity, secondary microbial infec-
tion, overcorrection, and undercorrection.32

Clinical studies of epikeratoplasty for myopia showed
instability and unpredictability of refraction after
operation.32 Accordingly, the United States Food and
Drug Administration classified epikeratoplasty as an
investigational device subject to its regulatory laws.3'
Now, except for a few investigators, epikeratoplasty is
performed rarely for myopia, and from April 1988 the
Food and Drug Administration limited the distribution
of lenticules to surgeons who have previous experience
with the procedure.

If epikeratoplasty is to gain widespread acceptance
as a viable method of correcting myopia a suitable
synthetic material must be developed.33 Synthetic
collagen has been used successfully,34 and research to
develop this technique is continuing.

INTRACORNEAI LENSES

Intracorneal lenses for treating nearsightedness con-
sist of placing a synthetic lenticule within the corneal
stroma to change either the cornea's radius of curvature
or its index of refraction. Two synthetic materials are
currently under investigation: hydrogel and poly-
sulphone.
The surgical technique for hydrogel intracorneal

lens implantation consists of removing an anterior
corneal disc with the microkeratome (identical to the
keratomileusis technique), placing the lens on the
corneal bed, and suturing the resected disc of cornea
back into position (fig 3). Hydrogels, because of their
high water content, are permeable to water and
nutrients, a key requirement for a successful intra-
corneal lens. Hydrogel intracorneal lenses were
developed in 1981 and showed good biocompatibility
and reasonable predictability in animals.3" Clinical
trials controlled by the Food and Drug Admini-
stration are underway in the United States. Like
epikeratoplasty, intracorneal lenses can correct higher
refractive errors than can keratomileusis because there
is no limit to the thickness of the material used.
The major problem is using the microkeratome
and cutting across the visual axis, which requires high
surgical skill and increases the chance of irregular
astigmatism and irreversible damage to the patient's
comea.36

Intracomeal lenses made of polysulphone, a material
that has a high index of refraction, do not require
altering the anterior comeal curvature to alter the
refractive status of the eye. Accordingly, using the
microkeratome is not necessary and the lenticule can
be implanted by placing it in a comeal pocket, a simple
surgical technique requiring ordinary manual instru-
ments (fig 4). After initial experience in humans37
implantation of solid intracorneal lenses was discon-
tinued owing to the occurrence of aseptic necrosis of
the comea in an appreciable number of eyes due to the
blockage of the transport of water and nutrients to the
anterior comea.38 To overcome this problem lenticules
with holes less than 1 ,um in diameter were developed,
and animal studies are now underway.3"
An intracomeal ring composed of either silicone or

polymethylmethacrylate (PMMA) placed within the
mid-peripheral corneal stroma increases the volume of
the peripheral cornea and flattens the central comea,
reducing myopia (fig 5).4° The ring can be implanted
either after a circular dissection or with the micro-
keratome. A few patients worldwide have received the
intracomeal ring but no clinical data have yet been
reported. A similar technique injecting gel in a circular
stromal channel is being developed.4'

All types of intracorneal lenses for the correction of
myopia are highly experimental.
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FIG 5-Intracorneal 7n0g. The ring is placed within the mtid-peripheral corneal stromia, increasing its volunme
and flattening the corneal curvature' FIG 6-Radial keratotomzy. Equially spaced radial itncisions tmlade
deeply into the peripheral corneal stromna flatteni the cenitral conieal curvature anid reduce the myopia"
FIG 7-Photorefractive keratectomy. The optical zonie of the cornea is reconitoured by ablation with the
193 nm excimer laser; the corneal epitheliunm covers the ablated zonie, which has a reduced optical power,
correcting mnyopia FIG 8-Anterior chamber intraocular lens in a phakic eye.

RADIAL KERATOTOMY

In radial keratotomy the cornea is partially incised
with a diamond scalpel to flatten it and reduce its
refractive power (fig 6). It is the oldest refractive
surgical procedure and the one most commonly per-

formed today.
Since 1980 hundreds of thousands of radial kera-

totomy procedures have been done around the world by
thousands of doctors.4 About 1 0% of ophthalmologists
in the United States perform radial keratotomy, but
most surgery is done by only 2-3% of the surgeons.

Radial keratotomy was especially popular with doctors
in the United States from 1980 to 1984, driven by the
promise of helping patients, making large sums of
money, and the apparent simplicity of the procedure.
The popularity died down when the procedure was

found not to be as predictable as initially thought; more
artistic individual variation was required, many in-
surance companies did not pay for the surgery, and the
volume of surgery was insufficient to support a practice
devoted largely to radial keratotomy.
The surgery is usually done under topical

anaesthesia.42 The older the patient, the greater the
refractive effect of the surgery. Most of the effect is
achieved by the first four to eight incisions,43 which
must be made to at least 90% of the comeal thickness to
induce meaningful amounts of correction. Sometimes
transverse incisions to treat astigmatism are made in

conjunction with the radial incisions.
Radial keratotomy almost always reduces myopia,

but the results are not precisely predictable. The
results have improved since the early studies owing to
better case selection and surgical technique. Radial
keratotomy is most effective for lower amounts of
myopia, generally in the range of -1 50 to -6-00
dioptres. In the prospective evaluation of radial kera-
totomy (PERK) study, five years after surgery 60% of
the 757 operated eyes had an uncorrected visual acuity
of 20/20 or better, 88% had a visual acuity of 20/40 or

better, and 64% were within 100 dioptre of emme-
tropia.44 More recent series, specifically those using
four incisions and calculating the effects of age, have
achieved even better results, with up to 91% of the
patients within 1-00 dioptre of emmetropia.

In general, radial keratotomy is safe procedure.
About 3% of eyes will lose two lines or more of best

spectacle corrected visual acuity after the operation,
and most of this loss is in the finer ranges of visual
acuity, from 20/15 to 20/25.11 The most common

complications are overcorrection and undercorrection.
Overcorrections are more difficult and less predictable
to treat. Undercorrections can be treated by repeated
radial keratotomy (either adding or deepening in-
cisions)."' Other complications that do not threaten
vision include mild irregular astigmatism, glare com-

monly perceived at night, and vision that fluctuates
mildly from moming to evening.46"4 Complications
that disrupt vision, although extremely rare, can

occur.46
Fluctuation of vision is common for the first three

months after radial keratotomy and continues for many
years as a small moming to evening change that is
bothersome for some patients. Long term stability is
usually achieved by three months after surgery, and
about 80% of eyes remain stable thereafter.49 In about
one in five eyes, however, a continued effect of the
surgery sometimes termed progressive hyperopia is

experienced-the refraction moves toward hyperopia
or farsightedness.44 What proportion of the population
will have this and how long it will last is unknown, but
progressive hyperopia could become a major complica-
tion of radial keratotomy if most patients become
hyperopic over time.

PHOTOREFRACTIVE KERATECTOMY

Excimer lasers emit ultraviolet wavelengths with
high photon energy capable of breaking intermolecular
bonds within proteins and other macromolecules with-
out causing significant thermal damage to adjacent
structures."' They can remove submicrometre amounts
of tissue from the anterior corneal surface, alter its
anterior radius of curvature, and yield a very precise

refractive change.5 This procedure is called photore-
fractive keratectomy (fig 7). Excimer lasers have been
used in industry since the 1970s and were first intro-
duced for ophthalmic surgery by Trokel in 1983.'9
Because of remarkable experimental results-precise
and smooth corneal surfaces could be cut-they pro-

ceeded to large scale clinical trials in human eyes.5' 52

The procedure is technically very simple. The
epithelium is removed from the central cornea and the
laser is activated, delivering a series of a few hundred
pulses to a 4-5 mm central ablation zone over 20-60
seconds. For the correction of myopia, the central
cornea is ablated most deeply, shallowing as the edge of
the ablation zone is reached.53

Early experimental studies showed that even though
the procedure was technically very precise, early
refractive results were not as predictable as expected
owing to epithelial and stromal wound healing after the
laser ablation.54 Epithelial wound healing tends to fill in
the ablated defect in the superficial comea by hyper-
plasia, but if the ablation curves can be made smooth
enough the epithelium may not undergo this thickening
with the consequent reduction of refractive effect.55
Subepithelial deposition of new extracellular matrix
occurs after all excimer laser procedures, and this may
also cause thickening of the ablated area, causing the
shape of the cornea to return towards its original
curvature and decreasing the refractive effect. This
healing response is also responsible for the haze or

clouding of the comea observed postoperatively in a

large percentage of treated eyes.54 56 Experimental
studies showed that postoperative topical steroids may
reduce new subepithelial collagen deposition in

rabbits,57 and clinical studies suggest that giving topical
steroids may reduce postoperative haze in the cornea.

FDA phase III clinical trials on 700 normally sighted
eyes are now underway at several centres in the United
States. Clinical results from phase IIB (100 normally
sighted eyes) and from centres outside the United
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States show that the excimer laser has a predictability
similar to that observed after radial keratotomy.'"
After one year 92% of the treated eyes were within 1 00
dioptre of the intended refraction, and none of the
patients lost or gained more than one line of spectacle
corrected visual acuity.5'

Because of the great commercial interest, consider-
able publicity and exaggeration are surrounding this
new procedure, as occurred with radial keratotomy.
Whether or not the early claims will be borne out with
more careful long term clinical studies remains to be
seen.

Intraocular lens implants
Intraocular lens implantation is a type of refractive

surgery that involves not the cornea but the crystal-
line lens. It occurs in two contexts, after cataract
surgery and with the implantation of lenses in the
anterior chamber in phakic eyes (eyes with their
natural lens).

Cataract surgery, the most common ophthalmic
surgical procedure, removes the opaque (cataractous)
crystalline lens and replaces it with a clear plastic
intraocular implant of an adequate power to correct the
patient's refractive error. Intraocular lenses are used in
over 95% of routine cataract operations in developed
countries and make thick glasses or contact lenses
unnecessary.

Implanting an intraocular lens in the anterior
chamber of the eye to correct naturally occurring
myopia in patients who have a normal lens (fig 8) was
proposed by Strampelli in 1954.58 Joaquin Barraquer in
Spain, during the 1950s, had much experience with
these lenses59 but abandoned the idea because of
adverse results.80 The main problem with these im-
plants is the trauma to the comeal endothelium, the
delicate single cell inner layer that is responsible for
comeal deturgescence and clarity. Damage to the
endothelium is irreversible and may result in comeal
oedema and opacification.

Interest in these implants was revived recently by
modified lens designs that may better preserve the
endothelium.6' Even with the new designs, however,
the high vault and prominent edge of the optic may
produce comeal endothelial damage in some eyes.63
The concept of the phakic intraocular implant for

myopia remains an exciting one: the technique is
simple and cheap, there is an unlimited supply of
lenses, and the procedure avoids the surgical manipula-
tion of the comeal stroma and the subsequent scarring
and loss of visual acuity. Some essential problems
remain, such as damage to the comeal endothelium,
damage to the crystalline lens causing cataract, and
damage to the anterior chamber angle causing intra-
ocular pressure rise and glaucoma.

Posterior scleral support
There are a few reports, especially from Russian

and eastem European centres, describing surgical
techniques aiming at reinforcing the sclera and
preventing the progression of high myopia. These
techniques include the use of plastic materials,'
collagen sponge,65 and fascia lata implants.66 Even
though the scientific basis of these procedures is not
entirely clear, their effectiveness is explained by
improved blood circulation in the scleral coat of the
eye.67 Satisfactory results, avoiding the progression
of high myopia and its complications, have been
reported by some authors, but most studies have not
included controls and longer follow up is needed.68
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US health care. I: The access problem

Jennifer Dixon

The "issue from hell" and the "lose-lose issue" are how
health care in the United States has been described
over the past year. After two decades of crisis the
American health system represents a policy problem
which, despite much impressive analysis, refuses to be
solved. The twin problems of increasing costs and
decreasing access have prompted a myriad of proposals
for health care reform to which President Bush
recently added his own. But its staying power as
a domestic problem reflects the fact that reform of
American health care is a complex political issue, not
simply a technical one. This year's presidential election
provides an opportunity for politicians to come up with
a reform strategy which offers more than the "look
concerned but do nothing" policy of the current
administration.
This series of three articles examines why reform is

necessary and what form it should take. Part I examines
access to health care and changes over recent years.
Part II considers the costs of American health care and
the impact of key cost containment strategies. Part III
looks at the proposals on offer and the likely course of
health care reform.

Access
It is a stark fact that access to health care in the

United States is rationed by ability to pay. In 1990,
although 83% of all non-elderly Americans (those
under 65) were covered by some form of health
insurance, some 1660/4-that is, 35 7 million people-
had none at all (see table I).' Though uninsured people
face the most difficulty obtaining care, access is a
growing problem for all Americans. This paper ex-
mines why access is such a concern for three groups-
namely, people without health insurance, those with
public insurance through the Medicare and Medicaid
programmes, and those covered by private health
insurance. The paper also examines federal initiatives
to expand access.

Uninsured people
Without insurance to cushion the costs of care

uninsured people face steep bills for health services. As

TABLE i-Non-elderly and elderly Americans with selected sources of
health insurance coverage in 1990

Non-elderly Elderly
No (millions) No (millions)

Source of coverage (%) (°/.,)

Total population 215-9 (100) 30.1 (100)
Total with private health insurance 158-3 (73) 20-6 (68)
Employer coverage 138-7 (64) 10 0 (33)
Otherprivatecoverage 19-7 (9) 10-6 (35)

Total with public health insurance 29-2 (14) 28-9 (96)
Medicare 3-5 (2) 28-8 (96)
Medicaid 21-6 (10) 2-6 (9)
CHAMPUS/CHAMPVA* 5-9 (3) 1-1 (4)

Nohealthinsurance 35-7 (17) 0-3 (1)

Source: Employee Benefit Research Institute.'
Figures may not add to totals because individuals may receive coverage from
more than one source.
*Includes Civilian Health and Medical Program for the Uniformed Services
and Civilian Health and Medical Program for the Department of Veterans'
Affairs.

a result they delay or avoid seeking care2 and tend to
use a patchy network of health services that are free or
cheap-mainly hospital emergency rooms, outpatient
clinics, and publicly funded health centres. However,
in recent years hospital emergency rooms have become
more crowded3 and public health centres have become
scarcer,43 as have the primary care physicians to work
in them.6 Since hospitals and physicians must foot the
bill when uninsured people can't or won't pay for their
health care, providers have taken steps to reduce their
financial risk. Some hospitals have cut back on services
uninsured patients use the most (such as emergency
room, outpatient, and obstetric care) or relocated out
of neighbourhoods where they tend to seek care.7
Outside hospitals private physicians can and do refuse
to treat uninsured people rather than risk picking up
the bill. The lack of access to even basic preventive care
has contributed to the current epidemic of preventable
childhood infectious disease8 and the high infant
mortality that persists in the United States.9
Not surprisingly, Americans with no health

insurance use fewer health services than Americans
who have insurance. Studies show that uninsured
people receive less ambulatory and inpatient care,'"
and utilisation differences persist even after adjusting
for race, geographic location, and health status.'2 Once
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