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Adult keratoplasty: has the prognosis improved in the last

25 years?
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Abstract  Adult keratoplasty outcomes have signif-
icantly improved in the past quarter century as a
result of new pharmaceuticals, advanced surgical
devices, better understanding of what causes graft
failure, and targeted techniques for selective replace-
ment of only diseased corneal layers. Prevention and
treatment of graft rejection, which has long been a
leading cause of graft failure, has improved with the
development of innovative topical and systemic
immuno-suppressants. New methods for preventing
and treating ocular surface complications have been
devised, and limbal stem cell grafts have significantly
improved management of severe ocular surface
disease. Improved intraocular lens designs cause less
corneal damage and have increased corneal graft
survival. Non-steroidal anti-inflammatory (NSAID)
eyedrops and more complete vitrectomies have
reduced the incidence of chronic cystoid macular
edema, which could prevent eyes with clear grafts
from regaining useful vision. Patients with keratoco-
nus or corneal scars can now benefit from advanced
anterior lamellar keratoplasty techniques, which
reduce the risk of immunologic rejection and endo-
thelial failure, while matching the visual outcomes
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achieved with penetrating keratoplasty. Patients with
endothelial dysfunction can mnow benefit from
advanced endothelial keratoplasty techniques, which
provide more rapid visual recovery, minimize
induced astigmatism and ocular surface problems,
and virtually eliminate the risk of wound rupture
from minor trauma. Finally, femtosecond lasers now
provide transplant surgeons with a precise tool for
creating complex, interlocking comeal incisions that
may facilitate wound healing.
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Introduction

Recent developments in keratoplasty techniques,
including limbal stem cell grafts, anterior lamellar
keratoplasty (ALK), endothelial keratoplasty (EK),
and femtosecond laser contoured incisions, are
significantly improving keratoplasty outcomes.
Beginning long before the burgeoning use of spe-
cialized keratoplasty techniques, advances in drugs,
devices, and treatment regimens were gradually
improving outcomes, helping to set the stage for
what appears to be an exciting time for corneal
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transplants, as we celebrate in this special kerato-
plasty issue.

Twenty-five years ago we had the operating
microscope, small monofilament sutures, and topical
corticosteroid drops. Since then, new treatments for
graft rejection and ocular surface disease have
increased graft survival rates. Visual outcomes have
also improved with better understanding of lens
implants, methods to prevent or treat cystoid macular
edema (CME), and new treatments for glaucoma. In
addition, the indications for successful corneal trans-
plantation are rapidly expanding with the refinement
of new keratoplasty techniques. Let’s consider each
of these advances in greater detail.

Graft rejection

While topical corticosteroids remain the mainstay for
prevention and treatment of immunologic corneal
graft rejections [1, 2], formulated cyclosporine A and
tacrolimus now provide additional topical treatment
options, which can be particularly helpful in eyes
susceptible to steroid-responsive intraocular pressure
(IOP) increase [3-7]. High-risk eyes with a history of
immunologic rejection can also be managed with
systemic immunosuppression, which has improved
dramatically with new medications including myco-
phenolate mofetil, cyclosporine A, and tacrolimus [8—
10]. In addition, an investigational slow-release drug
implant now provides a means for achieving signif-
icantly higher local concentration of cyclosporine A
in transplanted eyes, compared with levels achieved
by either topical or systemic delivery.

Ocular surface problems

Standard penetrating keratoplasty (PKP) cuts the
corneal nerves, reducing the tendency to blink and
produce tears, so PKP eyes are susceptible to
exposure and ulceration. The risk of graft failure
from ocular surface disease is highest during the first
year after a PKP, while the nerves regenerate and
sutures are in place [11]. The risk of graft failure from
ocular surface problems can now be reduced by
aggressive treatment with ocular lubricants, bandage
soft contact lenses, lateral tarrsoraphies, and topical
cyclosporine A. Twenty-five years ago, the first non-
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preserved artificial tears were just being introduced.
Now we have a whole host of non-preserved, or less
toxically preserved ocular lubricants, which help
maintain the ocular surface in grafted eyes. The need
for corneal sutures that stay in place for months to
secure the PKP incision can contribute to ocular
surface problems as well, because the sutures can
provide a route for infection as they loosen. In fact,
suture-related infections may still be one of the most
common problems with graft survival in less devel-
oped areas of the world, where it can be difficult for
patients to obtain quick follow-up when sutures
loosen and become irritated. New keratoplasty tech-
niques can minimize or eliminate the need for sutures
and thereby prevent suture-related complications.

Glaucoma

Glaucoma has long been recognized as an important
factor in corneal graft survival [12, 13]. An analysis of
4,000 grafts from our practice showed that preexisting
use of glaucoma medications increased the risk of all
three leading causes of graft failure: ocular surface
disease, immunologic graft rejection, and endothelial
failure without any history of immunologic graft
reactions [14]. High intraocular pressure not only
damages the optic nerve causing visual loss, it may
also increase the rate of endothelial cell attrition [15].
In the last 25 years, more effective pressure control
has become possible with the development of tube
shunts and various topical medications, including
beta-blockers, anticholinesterase agents, carbonic
anhydrase inhibitors, and prostaglandin analogues
[16]. Younger surgeons probably -cannot imagine
treating glaucoma without these agents, but 25 years
ago, beta-blockers were just being introduced.
Studies suggest that chronic use of glaucoma
medications containing benzalkonium chloride
(BAK) preservative can lead to corneal and conjunc-
tival inflammation [17, 18], which may cause
endothelial damage and incite immunologic graft
reactions, so other less toxic preservatives are now in
use and under development. Shunts have also been
associated with increased endothelial cell loss and
possibly a higher incidence of immunologic reactions
[19--22]. Proper tube placement and use of implants
with valves to reduce backflow of inflammatory
mediators from the filtering bleb may help reduce
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endothelial cell damage and prolong graft survival,
Even though use of glaucoma medications or shunts
may shorten the life of the graft, this is a worthwhile
tradeoff for patients because pressure reduction is
essential for preservation of visual potential.

Cataracts and intraocular lenses

Changes in cataract treatment techniques and IOL
design/manufacturing have dramatically influenced
corneal transplantation. Twenty-five years ago, apha-
kic and pseudophakic corneal edema were leading
indications for adult PKP in the United States [23-25].
At that time, anterior chamber lenses were frequently
implanted with cataract surgery. Many, if not all, of
these lenses caused chronic inflammation, endothelial
damage, and damage to angle structures, leading to
peripheral anterior synechiae (PAS), glaucoma, and
progressive disfigurement of the iris [26, 27].
Increased use of posterior chamber lenses, elimination
of most anterior chamber lens implants, and better
lens designs have improved the long-term prognosis
for corneal grafts and reduced the overall incidence of
aphakic and pseudophakic corneal edema, particularly
in developed areas of the world [11, 28].

Cystoid macular edema

During the past quarter century, we have developed a
better understanding of what causes chronic inflam-
mation in the eye and devised techniques to help
avoid it, such as more complete vitrectomies to
remove traction bands to the retina and suture-
fixation of posterior chamber lenses in eyes lacking
capsular support [29]. Also, non-steroidal anti-
inflammatory (NSAID) eyedrops are now available
to prevent and treat CME [25, 30]. Before the
widespread use of more complete vitrectomies and
NSAIDs, chronic CME prevented many eyes with
clear grafts from regaining useful vision [29].

Limbal stem cell grafts

Development of limbal stem cell grafting techniques
has significantly improved management of severe
ocular surface disease [31]. This area was not

thoroughly understood 25 years ago, nor did we have
consistently effective systemic immunosuppression
for these cases. Use of limbal stem cell grafts to
provide a healthy ocular surface allows the surgeon to
perform a subsequent PK and achieve excellent
outcomes in eyes that previously had no chance of
graft survival because the corneal surface could not
be maintained [32].

Anterior lamellar keratoplasty

Improved anterior lamellar keratoplasty techniques
are allowing more people with corneal ectasia or
stromal scars to have a keratoplasty without the risk
of immunologic rejection and endothelial failure. The
last 25 years have seen significant improvements in
mechanical microkeratomes and accompanying arti-
ficial anterior chambers, allowing anterior lamellar
grafts to be performed with higher quality dissections
[33]. Some surgeons are cutting relatively superficial
anterior lamellar grafts with microkeratomes or
femtosecond lasers and attaching the donor tissue
without sutures, thereby facilitating more rapid visual
recovery for the patient. Interface haze can limit
visual acuity after ALK, so various deep anterior
lamellar keratoplasty (DALK) techniques have been
developed, such as peripheral lamellar dissection
with central pealing, visco-dissection, and the “big
bubble” technique [34, 35]. Although DALK carries
the risk of perforation with the subsequent need to
convert to a PKP intraoperatively, visual acuity of 20/
20 has been attained with methods that expose
recipient Descemet’s membrane [36, 37].

Endothelial keratoplasty

Treatment of endothelial dysfunction has been rev-
olutionized by improved endothelial keratoplasty
(EK) techniques developed in the last decade. Melles
showed that a donor button, consisting of posterior
stroma and healthy endothelium, could be implanted
into a recipient eye without use of any sutures to hold
the donor in place [38-40]. Totally sutureless EK is
now routinely performed through a 5-mm or smaller
comneal, limbal, or scleral incision, often with topical
anesthesia [41, 42]. EK provides: (1) rapid visual
recovery, (2) refractive neutral outcomes, (3) reduced
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risk of losing the eye to intraoperative suprachoroidal
hemorrhage because the small incision is easily
closed, and (4) fewer ocular surface problems
because comeal innervation is maintained and no
sutures are required [42-45]. Probably the single
most important reason we began performing EK is
because it virtually eliminates the risk of wound
rupture from minor trauma. After seeing many young
males and older adults lose eyes after traumatic
rupture even a decade or more after a standard PKP,
EK seemed to provide a welcome improvement in
long-term prognosis.

Favorable EK outcomes are causing an increase in
the number of transplants for treatment of endothelial
dysfunction. Previously, patients with Fuchs’ dystro-
phy or pseudophakic corneal edema tended to
postpone or even decline PKP because they did not
want to endure the activity restrictions and prolonged
recovery period necessitated by the long, full-thick-
ness incision. Some didn’t want to risk possible post-
PKP anisometropia or irregular astigmatism and the
associated necessity for a hard contact lens to achieve
best vision. Furthermore, some Fuchs’ patients chose
not to have their second eye treated after experienc-
ing a PKP on the first eye. In contrast, many Fuchs’
patients now request EK for their second eye within a
month of having the first eye treated, and they want
their first eye treated earlier. They now choose to
have EK when glare makes it difficult to drive at
night or perform their job, even if their Snellen
acuity, as measured in a darkened room, is 20/30 or
20/40 [43]. This significant change in patient prefer-
ences is probably the greatest testimony to an
improved prognosis for transplant surgery. Overall,
adults with endothelial dysfunction are tending to
choose earlier treatment, perhaps as much as a decade
earlier for Fuchs’ corneal dystrophy, and this is
already increasing the demand for donor tissue.

Endothelial keratoplasty is also changing treatment
of cataracts in patients with endothelial dysfunction.
Previously, many Fuchs’ patients would plod along
with markedly worsening cataracts because they
feared that cataract surgery would precipitate corneal
decompensation. In fact, cataract surgery was often
postponed until after PKP so that it could be used to
help address unpredictable PK refractive outcomes.
Now, EK has significantly improved visual outcomes
and reduced the risks of having a transplant {42, 45].
Also, EK is refractive-neutral and easier to perform
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with a deep anterior chamber, so it’s preferable to
remove the cataract first, and cataract surgeons no
longer have to agonize over removing cataracts in
those with low cell counts or guttata.

Femtosecond laser-assisted keratoplasty

Use of the femtosecond laser to create complex PKP
wound designs is one of the most recent technological
advances to impact corneal transplantation {46]. Just
as the circular trephine was a major advance com-
pared with free-hand PKP dissections with blades or
scissors, the femtosecond laser is ushering in a whole
new era in PKP surgery. With the traditional metal or
ceramic blades used for corneal surgery, a certain
degree of hand-crafting was required to create any
complex incision, and a only limited repertoire of
incision styles could be even be attempted because of
limitations imposed by the trephine dimensions or by
the ability of the surgeon to create precisely matched
donor and recipient incision contours [47, 48]. In
contrast, the femtosecond laser allows the surgeon to
consider any imaginable incision shape and to easily
match donor and recipient dimensions. Early femto-
second laser-assisted penetrating grafts utilized
stepped incisions, with “top hat” (drain plug) or
“mushroom” (inverted top hat) shapes, and Z-shaped
“zigzag” incisions. The latter could probably not
even be created without some type of computer-
controlled device, such as the femtosecond laser, We
have been doing femtosecond laser-assisted PKPs for
over 2 years, and they are already changing the
prognosis for patients. Laser-contoured PKP incisions
have more wound surface area to better resist rupture,
plus the laser seems to induce a fibrotic healing
response along the vertical portion of the corneal
incision, a feature not seen with traditional blade-cut
incisions in non-vascularized corneas. At this time
the nature of the enhanced healing response has not
been completely elucidated. The laser may create a
more textured surface and/or cause keratocyte acti-
vation that contributes to healing. In any event,
healing appears to be more rapid with laser-contoured
grafts; for example, in the first group of treated
patients, wound healing and suture removal occurred
within 7 months, even in recipients over 80 years of
age who were using topical prednisolone acetate 1%
four times daily. In contrast, complete wound healing

-
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often takes a year or longer in older patients with
traditional PKP incisions.

Femtosecond laser-assisted grafts can also help
restore a more normal peripheral comeal topography
and thickness to eyes with prior scarring and loss of
anterior stromal tissue. The anterior surface of the
cornea is applanated prior to the laser treatment, so
the complete lamellar dissection component of a top
hat-shaped incision occurs at a fixed distance from
the anterior surface of the recipient cornea. Placement
of the donor “top hat” then lifts the anterior surface
of the recipient stepped incision to a uniform level,
creating a more consistent ocular surface and facil-
itating wound closure and suturing in areas where the
recipient cornea was previously thinned. Again, these
features contribute to better visual recovery and
earlier suture removal. Improved outcomes with
femtosecond laser-assisted grafts may well increase
the demand for transplants in patients who had
previously postponed surgery.

Donor tissue

In closing, these advances would not have been- as
readily available to patients without an ample supply of
donor corneas. Improved storage solutions now pro-
vide good tissue preservation for up to 2 weeks [49—
501, compared with 3 days or less 25 years ago. This
facilitates placement and allows tissue to be shipped
almost anywhere in the world. The increase in anterior
lameliar grafts has also allowed use of donor corneas
that do not have sufficient endothelial cell density for
PKP. Although the US has traditionally had an
adequate supply of donor comeas, many countries
have a shortage. To help alleviate this shortfall, several
research centers are developing improved artificial
corneas as well as cultured epithelial and endothelial
cell sheets suitable for transplantation [51-54].

The prognosis for adult penetrating keratoplasty
has certainly improved in the last 25 years and seems
poised to improve even more rapidly going forward.
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