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Femtosecond laser-assisted lamellar keratoplasty
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Lamellar keratoplasty consists of transplanting partial-thickness donor
cornea onto a complementary recipient bed. Manual lamellar dissection is
technically very difficult, time-consuming, and imprecise. Also, the ma-
nually-dissected lamellar interface often has topographical irregularities
that may optically degrade the best-corrected visual acuity. The femto-
second clinical laser (IntraLase FS Laser™, Irvine, CA) is a recent innovation
that can be programmed to produce bladeless, precise lamellar cuts at any
depth with accompanying trephination cuts for both anterior and posterior
lamellar transplantion. Posterior laser cuts may be used to assist in deep
lamellar endothelial keratoplasty or Descemet’s stripping automated en-
dothelial keratoplasty.

ABSTRACT

INTRODUCTION

Penetrating keratoplasty (PKP) is the most common type of corneal
transplant surgery currently performed. Although the final best-corrected
visual acuity may be excellent after PKP, visual rehabilitation is often excru-
ciatingly slow and frequently hampered by high and/or irregular astigma-
tism. The open-sky surgical exposure leaves very little protection should an
expulsive choroidal hemorrhage occur intraoperatively. Postoperatively,
even years after PKP, the full-thickness graft-host junction never heals to
the original corneal strength. The large circumferential wound is thus an
Achilles heel that is notoriously susceptible to traumatic dehiscence, often
resulting in severe loss of vision.

Lamellar keratoplasty (LKP) consists of transplanting partial-thickness
donor cornea onto a complementary recipient bed that has been dissected
free of abnormal anterior or posterior stroma. Although the partial-thick-
ness approach obviates many of the aforementioned complications of PKP,
lamellar dissection remains technically demanding. With manual dissec-
tion, the lamellar interface often has clinically-significant topographical
irregularities that optically degrade the best-corrected visual acuity by as
much as one line on the Snellen chart(1). These are some of the factors that
contribute to the relatively low popularity of lamellar transplantation. With
recent improvements in technology, however, the technical ease and visual
outcomes of LKP have improved substantially. This will undoubtedly lead
to an increase in the frequency of lamellar transplantation.

Currently, anterior LKPs are done mostly for optical and tectonic purpo-
ses(2-3) in corneas with healthy endothelium. Specific optical indications for
anterior LKPs include Reis-Bückler dystrophy of Bowman’s layer, stromal
dystrophies with predominantly anterior involvement, irregular anterior sur-
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face topography from disease or trauma, and occasionally ke-
ratoconus. Tectonic anterior LKPs are performed mainly for
corneal ectasias, perforations, and descemetoceles, but may
also be indicated for benign anterior corneal tumors and for
pterygia covering the central visual axis.

In 1998, Melles et al. developed and refined the technique
of posterior LKP, better known as deep lamellar endothelial
keratoplasty or DLEK, as an alternative to PKP for corneal
endothelial disease(4). In DLEK, a thin lamellar disc or button
of posterior stroma, together with the endothelium, is replaced
with a similar sized posterior lamellar disc from a donor cor-
nea(5). Since then, several variants and refinements of this sur-
gical technique have been reported(6-8). DLEK, like anterior
LKP, avoids many of the pitfalls of full-thickness PKP, such as
high refractive errors, irregular astigmatism, anisometropia,
corneal suture problems, the dangerous open-sky surgical ap-
proach, and the risk of postoperative wound dehiscence. Un-
fortunately, manual posterior lamellar dissection is technically
very difficult, time-consuming, and imprecise.

Several blade microkeratome-assisted DLEK techniques
have been developed in an attempt to facilitate the posterior
lamellar dissection and to improve the smoothness of the la-
mellar interface(9-11). The femtosecond clinical laser (IntraLase
FS Laser™, Irvine, CA)(12) is yet another innovation that can

be programmed to produce bladeless corneal lamellar cuts at
any depth with accompanying trephination cuts of desired
diameters in both anterior LKP and posterior LKP. This laser
may also be used for donor tissue cutting in Descemet’s strip-
ping automated endothelial keratoplasty (DSAEK), signifi-
cantly reducing its technical difficulty and improving the cut
precision(13-17).

Femtosecond laser background information

The femtosecond laser is a focusable, near-infrared (1053 nm)
laser that generates ultrashort pulses in the femtosecond (10-15

second) range. This is similar to the more common Nd:YAG
laser, which uses pulses in the nanosecond (10-9 second) du-
ration range. When the pulse duration is shortened from the
nanosecond to the femtosecond time domain, the energy re-
quired for producing tissue breakdown is also reduced. This,
in turn, minimizes collateral tissue damage and inflamma-
tion(18-21), and thermal damage to the surrounding tissue is
confined to less than 1 μm(22). Through a process known as pho-
todisruption, the femtosecond laser vaporizes small volumes
of tissue, generating a plasma of rapidly-expanding hot ionic
gases. The resulting shock wave is followed by formation of a
cavitation bubble (CO

2
 and H

2
O), which in the cornea, even-

tually escapes through the surrounding stromal tissue.

Figure 1 - Schematic diagram illustrating femtosecond laser-assisted (A) anterior LKP and (B) DLEK

A B
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Figure 2 - Femtosecond-assisted anterior LKP. Top left. Anterior corneal cap removed from donor whole globe, showing smooth stromal surface.
Top right. Anterior corneal cap excised from host eye, showing smoothness of deep lamellar bed. Bottom left. Donor graft secured to recipient

 bed with double-running sutures. Bottom right. Postoperative slit-lamp biomicroscopic appearance of anterior LKP at 3 months.

With precise computer-controlled laser energy, spot size, spot
separation, and firing pattern, the IntraLase FS Laser™ is capable of
cutting lamellar, axial, or pocket cuts at different desired depths and
diameters in the cornea. The laser spots may be fired in an expan-
ding spiral pattern or a zigzag (raster) pattern to achieve the lamellar
incisions. Unlike lasers that employ visible wavelengths, the ability
of the femtosecond laser to cut cornea is less affected by its
cloudiness, making it ideal for treating edematous corneas. Curren-
tly, the FS-Laser™ is gaining popularity in the United States as a
safer alternative to the mechanical microkeratome for creating
LASIK flaps, and has been reported to produce good visual out-
comes and a low flap-complication rate(12). In the FS Laser™, the
hinge option may be easily turned off in the software to create a
controlled anterior free cap for anterior LKP or a circular posterior
button for DLEK and DSAEK.

Femtosecond laser treatment of the cornea requires a low-
suction (35 mmHg) applanating lens to immobilize the eye and
to flatten the anterior cornea to allow treatment of a geometri-
cally simple planar structure(23). Recently, a curved applana-

ting lens is being investigated by IntraLase Corporation as an
alternative to the planar lens.

Femtosecond laser-assisted anterior LKP

For anterior LKP, the FS Laser™ is programmed to produce
anterior lamellar and trephination cuts at the desired depth
and diameter. The standard applanating lens used to create
LASIK flaps is also used in laser-assisted anterior LKP. Laser
treatment begins with formation of the lamellar cut at a depth
determined by the corneal opacities (Figures 1A and 2). The an-
terior trephination cut (6.0-8.0 mm diameter) is then performed
by programming a circular pattern of contiguous laser spots to
sequentially move anteriorly, starting at the plane of the la-
mellar interface and ending slightly anterior to the corneal
epithelium. For most anterior LKPs, the energy setting for the
lamellar interface and the trephination cuts are similar to those
used in LASIK, i.e., 3.3 ± 0.1 μJ and 4.0 ± 0.1 μJ, respectively.
Trephination requires slightly higher energy levels than lamel-
lar incisions since the cuts are across, rather than along, the
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Figure 3 - (A) Schematic cross-sectional view of lamellar and trephination cuts (solid red lines) in laser-assisted DLEK. Peripheral corneal (or scleral)
tunnel incision (dotted red lines) is made with blade or laser. Lamellar bed may be oversized peripherally, to ensure intersection of lamellar and
trephination cuts, and to produce side pockets into which donor button edge may be secured, (B) Cross-sectional histologic specimen of femtosecond
laser trephination edge (*), lamellar cut, and side pocket (black arrows). Minimal collateral laser damage visible on trephination cut (white arrow).
Trephination cut extends anteriorly beyond lamellar cut to ensure intersection of cuts. (Hematoxylin-eosin stain in human cornea; original magnification,
×75) and (C) Scanning electron micrograph of lamellar interface and cross-sectional edge of trephination cut (*) in DLEK. (original magnification, ×56).

A

B C

stromal fibers. The laser spot size is set for 2.0-2.4 µm and the
pulse delivery rate is 30-60 kHz. For deeper anterior LKPs, the
laser energy levels could be set higher and the spot separation
closer in order to overcome laser scatter and attenuation cau-
sed by the additional thickness of stroma. The donor cornea
(from either a whole globe or a corneoscleral button on an arti-
ficial anterior chamber) is treated in an identical fashion.

The anterior lamellar buttons are separated from the cor-
neas in both the host and donor by sweeping the lamellar
interface with a Barraquer iris sweep to break the remaining
bridges of uncut stroma. The donor anterior lamellar corneal
button is transferred into the host lamellar bed and sutured
with either interrupted or running 10-0 nylon sutures.

The femtosecond laser is also currently being used in ante-
rior LKP to prepare both donor button and recipient corneal
bed in “all-laser” sutureless lamellar keratoplasty (ALSL-
LK)(24). In this procedure, the edges of the lamellar wound are
welded with diode-laser-induced adhesion, thus obviating con-
ventional sutures.

Femtosecond laser-assisted DLEK and DSAEK

Femtosecond laser-assisted DLEK techniques (Figure 1B)
and results in human eye bank eyes have been reported(17,25-27).
The laser treatment sequence for DLEK and DSAEK is pro-
grammed in the reverse of anterior LKP; namely, the trephina-
tion cut precedes more anterior lamellar treatment. This avoids
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Figure 4 - In-vivo post-DLEK clinical appearance of cornea in rabbit at:
Left. One month. Right. Six months. Note clear and compact central
cornea with posterior graft in good position, surrounded by ring of haze
in recipient corneal side pocket (into which graft edge is secured).

the lamellar treatment cavitation bubbles from blocking laser
energy to the subsequent posterior trephination. A custom-
made short applanating lens must be used instead of the stan-
dard applanating lens that is designed to create LASIK flaps
and anterior LKP buttons. The shorter focal length allows the
laser to be focused at a deeper planes than in LASIK and anterior
LKP. The laser spot size is set to 2.4 μm and the laser pulse
delivery rate is 30-60 kHz.

In DLEK the posterior trephination (6.0-8.0 mm diameter)
begins in the anterior chamber and progressively moves ante-
riorly through endothelium, Descemet’s membrane, and pos-
terior stroma. To assure complete cuts deep inside edematous
corneas, higher trephination energy levels (8.7 ± 0.1 μJ) than
in anterior LKP may be used. The lamellar plane is then cut at
about 150 to 200 µm anterior to the endothelial surface (Figure
3A), using a slightly lower energy (7.4 ± 0.1 μJ) than the tre-
phination cut. The donor corneal button in both DLEK and
DSAEK is cut from either a whole globe or a corneoscleral
button on an artificial anterior chamber. The diameter of the
lamellar dissection is intentionally made 1.0 to 2.0 mm larger
than the trephination diameter (Figure 3A), in order to ensure
that these two cuts meet. This allows the cavitation bubbles to
escape into the anterior chamber and the posterior disc to be
easily separated from the peripheral edges. Also, a lamellar
side pocket (Figure 3A) created by this oversizing allows the
peripheral edges of the donor disc to be tucked securely into
the recipient bed in DLEK.

The lamellar interface is entered from the anterior surface
of either cornea or sclera via either a 4 mm-wide freehand
tunnel incision or a similar laser-cut tunnel incision. The stro-
mal bridges in the lamellar interface are easily swept apart with
a Barraquer iris sweep and the posterior corneal button is
removed through the tunnel incision with Utrata capsulorrhe-
xis forceps.

In DLEK and DSAEK, the donor button is folded taco-
style with the endothelial side in, protected by a layer of viscoe-
lastic material, and inserted through the tunnel incision into
the anterior chamber with Utrata forceps. The graft button is
unfolded in the anterior chamber after carefully ascertaining
correct orientation of the endothelial face. Viscoelastic mate-
rial in the anterior chamber is exchanged with balanced-salt
solution and an air bubble is injected into the anterior chamber
to pneumatically tamponade the donor disc into place. The
small tunnel incision may be sutured if desired. Light-micros-
copic histologic studies of the laser-cut corneas show smooth
lamellar stromal cuts with straight trephination edges (Fi-
gure 3B). Scanning electron microscopic studies show a mild
stucco-like texture of the lamellar surface and a crisp trephina-
tion edge (Figure 3C). This mild stucco texture may actual aid
in adhesion of the button in DLEK and DSAEK. Clinical slit-
lamp examination in a live rabbit at one month and six months
postoperatively shows a clear and compact central cornea
with the posterior graft in excellent position, ringed by haze in
the surrounding recipient cornea (Figure 4)(28).

CONCLUSIONS

The bladeless femtosecond laser-assisted anterior LKP, pos-
terior LKP, and DSAEK offer an exciting alternative to their
manual and microkeratome-assisted counterparts. Femtose-
cond laser-assisted anterior LKP has already been performed
in humans with good visual outcomes (IntraLase Corporation
internal memorandum; Lee Nordan, M.D.), whereas the femto-
second-assisted DLEK technique requires further laboratory
refinement and investigation before human clinical trials are
conducted. The femtosecond laser is also currently being used
at some centers in the cutting of the donor posterior corneal
buttons in DSAEK surgery(15,29) and for trephining complex,
interlocking cuts in full-thickness PKP (personal communica-
tion: Roger Steirnert, MD and Francis Price, MD).

RESUMO

A ceratoplastia lamelar consiste em transplante de espessura
parcial da córnea doadora em um leito receptor complementar.
A dissecção lamelar manual é técnica de difícil realização, im-
precisa e que demanda tempo. Além disso, a interface lamelar
freqüentemente apresenta irregularidade topográfica que po-
de comprometer a acuidade visual final. O laser clínico “femto-
second” (IntraLase FS LaserTM, Irvine, CA) é uma recente ino-
vação que pode ser utilizado para produzir cortes lamelares
precisos em qualquer profundidade da córnea, acompanhados
de cortes verticais tanto para transplantes lamelares anterio-
res como posteriores sem a utilização de lâminas. Os cortes
posteriores podem ser utilizados para a realização de ceratoplas-
tia endotelial lamelar profunda ou ceratoplastia endotelial com
remoção da membrana de Descemet.

Descritores: Córnea/cirurgia; Transplante de córnea/métodos;
Transplante de córnea/instrumentação; Terapia a laser/métodos
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