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Redefining Cataract Surgery

E
ver since the introduction of intrastromal
excimer laser ablations such as PRK and LASIK,
refractive surgeons have continually streamlined

the technique, developing new strategies and tech-
nologies to maximize results and minimize harm. The
latest revolution in intrastromal ablation procedures
is ReLEx (Carl Zeiss Meditec, Jena, Germany). This is
the first femtosecond-only laser vision correction pro-
cedure available to patients. Using the VisuMax (Carl
Zeiss Meditec), ReLEx simplifies corneal refractive
laser surgery because the corrective lenticule and
overlying corneal flap are created in one step using
one laser. 

ReLEx is not just another way of doing LASIK; it is a
new procedure. At this time, only the VisuMax fem-
tosecond laser is capable of such controlled intrastro-
mal lenticule formation. In my experience, the tech-
nique is really straightforward and easy to perform.
Figure 1 depicts the steps of ReLEx. 

With the femtosecond lenticule extraction (FLEx)
option, the corrective lenticule and overlying corneal
flap are created in the intact cornea within one step
(Figure 2). Then, the corneal flap is lifted, as in con-
ventional LASIK, thus removing the lenticule (Figure
3). After the refractive correction is complete, the
corneal flap is repositioned. 

The FLEx strategy creates a full corneal flap for
removal of the intrastromal lenticule; now, a minimally
invasive option, small incision lenticule extraction
(SMILE), has also been developed, with many surgeons
converting to its use. In this modification, the lenticule

is created as usual, but only part of the anterior flap
sidecut is completed to the surface. The lenticule is
then removed through a 4- or 5-mm superior corneal
tunnel. The possible advantages of this option include
less postoperative irritation, due to the small epithelial
cut; less affected corneal sensibility and tear 
production, due to fewer corneal nerves being cut; the
possibility for improved biomechanical stability; and a
lower risk of corneal ectasia, due to continuous and
preserved anterior stromal lamellae across the 
cornea. 

BENEFITS
The benefits of using just one laser for refractive

correction are obvious. First, there is a lower cost
associated with the procedure, because the surgeon
does not have to purchase two lasers, one to make
the flap cut and one to perform the ablation. With
ReLEx, both steps are done with the VisuMax. Second,
this setup saves time, because the patient does not
have to be moved between two laser stations or two
patient beds. Third, patient comfort is heightened,
because the procedure is quiet, no smelling debris is
produced, and the suction pressure during laser 
cutting is considerably lower than with 

ReLEx:The First 
Femtosecond-Only Laser 
Vision Correction Procedure
The corrective lenticule and overlying corneal flap are created in one step.

BY JESPER HJORTDAL, MD, PHD

Figure 1. ReLEx treatment steps,all performed with the VisuMax

femtosecond laser.

A

B

C

D

E

The latest revolution in 
intrastromal ablation procedures

is ReLEx.
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Redefining Cataract Surgery

microkeratome-based LASIK. Fourth, the refractive
lenticule is cut with minimal contact with the cornea. 

During conventional LASIK, variations in corneal
hydration during excimer laser ablation may affect the
refractive precision of the procedure. With this new
method of ReLEx, after a short learning curve, even
refractive surgeons in training can perform high-
quality corneal refractive surgery, avoiding the poten-
tial complications associated with microkeratome-
and femtosecond-laser based LASIK. 

50 CASES
Our initial experience included 50 ReLEx procedures

for moderate and high myopia, all of which were per-
formed at Aarhus University Hospital in Denmark.
Patients’ UCVA 1 day after surgery is comparable to or
better than UCVA after conventional femtosecond
LASIK. Additionally, the precision of the procedure is
better than what we have noted after conventional
femtosecond LASIK. No surgical complications
occurred during these 50 procedures, and no 
retreatments were necessary. 

CONCLUSION
The current ReLEx procedure is just the first step in

the evolution to corneal refractive lenticule 
extraction techniques. Over time, surgeons will 
develop modifications to the shape of the corrective
lenticule in the hopes of refining and reducing the
number of surgically induced aberrations that are
associated with corneal refractive surgery with high
myopia. 

ReLEx for the treatment of myopia from 6.00 to
10.00 D is very precise. In our first 50 cases, we did
not have to perform one single retreatment; however,
if required, retreatments after FLEx should be per-
formed with the excimer laser and preceded by man-
ual lifting of the flap. 

After SMILE, retreatment should be performed as a
surface ablation procedure. If the patient has a small
refractive error postoperatively, another option is the
placement of relaxing incisions. Although this option
is still today highly unexplored, it is perhaps a good
strategy to use for patients who experience small
changes in refraction with age.

Jesper Hjortdal, MD, PhD, is the Director of
Corneal and Refractive Surgery, Department
of Opthalmology, Aarhus University Hospital,
Denmark. Professor Hjortdal states that he
has no financial interest in the products or
companies mentioned. He may be reached at 
e-mail: jesper.hjortdal@dadlnet.dk.

Figure 2. Lenticule and flap creation. Figure 3. Removal of the lenticule.

The current ReLEx procedure is
just the first step in the evolution

to corneal refractive lenticule
extraction techniques.
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Redefining Cataract Surgery

T
he use of femtosecond lasers in refractive sur-
gery has become mainstream over the past few
years. Its first function was to create the corneal

flap during LASIK, but now, with the VisuMax plat-
form from Carl Zeiss Meditec (Jena, Germany), it is
possible to complete the entire refractive procedure
with the femtosecond laser alone. 

The femtosecond-only procedure ReLEx can solely
be performed with the Zeiss femtosecond laser plat-
form. This platform allows surgeons to perform com-
plete laser vision correction with the option to choose
between two procedures, performing femtosecond
lenticule extraction (FLEx) or the microincision ReLEx
technique of small incision lenticule extraction (SMILE;
Figure 1). I have been using both ReLEx techniques
since March. Any time it is possible, I prefer to use
SMILE, because it enhances the maintenance of an
intact Bowman’s layer. Additionally, I prefer SMILE not
only because I can use the laser to create a 320º flap
but because the entire procedure is completed inside
the corneal layers, through only a small opening.
Converting to small-incision refractive surgery surely
seems to be a major revolution in these treatments. 

I think over the long term, SMILE is more stable for
our patients; however, this has yet to be shown in 
clinical trials and is therefore just my opinion.

I decided to incorporate ReLEx into my practice after
I attended lectures delivered by Walter Sekundo, MD,
of Marburg, Germany, and Marcus Blum, MD, of Erfurt,
Germany, at a recent ESCRS meeting. What specifically
caught my interest was the fact that, with the VisuMax
femtosecond laser, it was now possible to perform an
entire refractive procedure with only one laser.
Additionally, this technology is interesting for the
future, because I see refractive treatments being 

performed purely as intrastromal procedures. Lastly, I
was interested in performing ReLEx because there is no
influence from the environment of the operating room,
including temperature or atmospheric humidity. 

The initial results Drs. Sekundo and Blum had with
ReLEx were so promising that I knew I had to incorpo-
rate this treatment into my practice as well. I contacted
Dr. Sekundo, who shared some surgical pearls with me.
I also traveled to India to observe Rupal Shah, MD, as
she perhaps has the most experience to date with this
technique. Now, after personally performing 60 treatments
using ReLEx, I can safely say that it is a revolutionary 
procedure that is paving the way for small-incision refractive
surgery. This shift in technique is much like the shift from
extracapsular cataract extraction to phacoemulsification
was in cataract surgery.

PERSONAL EXPERIENCE, ADVICE
The procedure is reproducible, and the nomograms

from Zeiss are very accurate. Of the patients I have
treated, which include those patients with as much as
-9.00 to -10.00 D of myopia, there is less regression at 3
months with the all-femtosecond technique compared
with excimer laser LASIK using the VisuMax for flap
creation only.  

From my personal experience, I would advise those
surgeons just beginning with ReLEx to initially perform
FLEx in their patients. Not only is FLEx an easier tech-

Why Introduce ReLEx 
Into Your Practice?
Beginning surgeons should start with patients with high myopia.

BY YVES GULDENFELS, MD

Figure 1. SMILE is an option of the ReLEx technique using a

microincision.

This technology is interesting for
the future, because I see refractive

treatments being performed 
purely as intrastromal procedures.
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Redefining Cataract Surgery

nique to learn, but this will allow fluid conversion to
another procedure in the event that dissection of the
lenticule is not possible with the femtosecond laser
alone. With experience, this scenario is unlikely but it
does take some practice. 

Once the surgeon is comfortable performing FLEx, I
suggest graduating to SMILE. This modification
requires a bit more skill in the technique, because the
operation is performed through a smaller incision and
takes extra time. Along these lines, the surgeon should
ensure that the patient understands that the proce-
dure may be longer than usual (ie, 40 seconds com-
pared with 16 to 17 seconds with the excimer laser).   

The second pointer I have for surgeons new to ReLEx
is to ease into patient selection. First, standardize treat-
ments for patients with myopia between -5.00 and 
-9.00 D. In these patients, the lenticule is thicker and
easier to manage, making surgery simpler and faster to
complete. Once the surgeon is comfortable handling a
lenticule of this size, it is once again acceptable to 
graduate to the next step, which is treating patients
with less myopia. 

When treating a patient with -1.00 D of myopia, the
center of the lenticule is only approximately 23 µm.
This makes managing the interface and extracting the
lenticule more difficult. For the beginner, patients with
high myopia are easier to manage, because the lenticule
is very thick in the center, making it easy to grasp with
the forceps. 

Third, mastering the preoperative patient conversa-
tion is crucial. Patients must understand that visual

recovery after ReLEx takes approximately 10 to 12
days. I tell patients that they will probably notice some
glare and halos during this time but that these side
effects will eventually clear and their vision will be bet-
ter than preoperatively. It may take a little convincing
that this delay in visual recovery is worthwhile, but
those patients who have selected to undergo ReLEx at
my practice have been extremely happy. I have not
had any unsatisfied patients. 

PATIENT FEEDBACK, CONSIDERATIONS
In fact, of the 60 patients I have treated, patient 

satisfaction has been high. I have treated patients with
myopia from -2.00 to -10.00 D, with cylinders up to 
-3.00. I follow Zeiss’ nomogram, which allows -10.00
spherical equivalent (SE) with cylinders as high as 
6.00 D. 

ReLEx can be used on just about any patient, as I
have noticed that all patients respond to this treat-
ment similarly. However, patients with high myopia are
more likely to experience higher gains in visual quality,
because the smaller the amount of myopia, the thin-
ner the lenticule is. 

The one upgrade I would like to see on the VisuMax
is iris recognition software. This would allow us sur-
geons to more accurately treat patients with high
cylinders. This is something to wish for, but in the
meantime I am completely pleased with the results of
ReLEx and the accuracy of this treatment. 

I am elated that I took the time to incorporate
ReLEx treatments into my practice. My patients are
elated as well. 

Yves Guldenfels, MD, works at the Expert Vision
Center, Strasbourg, France. Dr. Guldenfels states that he
has no financial interest in the products or companies
mentioned. He may be reached at tel: +33 388 238397
(reception), +33 388 847148 (laser center); e-mail:
y.guldenfels@aliceadsl.fr.

I can safely say that ReLEx is a 
revolutionary procedure that is

paving the way for small-incision
refractive surgery.
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P
resbyopia correction is the last frontier in
refractive surgery that we have yet to com-
pletely conquer. Many proposed techniques

and mainstay procedures are performed today; how-
ever most, if not all, fail to truly correct presbyopia
over the long term. Nevertheless, in an attempt to
obtain a foolproof correction, the number of 
available surgical presbyopia correction procedures
has grown. Although presbyopia correction remains a
challenge to surgeons, we have discovered that Laser
Blended Vision is the most appropriate solution 
available today.

Developed by Dan Z. Reinstein, MD, MA(Cantab),
FRCSC, DABO, FRCOphth, of London, and Eckhard
Schroeder, of Carl Zeiss Meditec (Jena, Germany),
Laser Blended Vision is a treatment option for presby-
opia correction in patients with emmetropia, myopia,
or hyperopia, even in the presence of astigmatism. It
can be used to treat refractive errors between 5.75
and -9.00 D. Laser Blended Vision combines nonlinear
aspheric ablation profiles with micro-monovision. The
beauty of Laser Blended Vision is that it does not
compromise contrast sensitivity or night vision and
also retains functional stereoacuity. This treatment
can be performed using the CRS-Master (Carl Zeiss
Meditec).

WELL TOLERATED
In contrast to monovision, Laser Blended Vision

increases the depth of field of each eye. In compari-
son to monovision, both treatments correct the
dominant eye for distance and the nondominant eye
for near. The nominal target refraction is plano in the
dominant eye and -1.50 D in the nondominant; how-
ever, if the surgeon chooses, and depending on the
patient’s refraction, these targets can be modified
manually. What happens is that, as the brain merges
the two images, a blend zone is created. This blend
zone provides patients with quality UCVA at near
intermediate, and far. According to a study conducted
by Dr. Reinstein,1 more than 95% of patients he 

treated tolerated Laser Blended Vision, compared
with only 59% to 67% of patients who tolerate 
contact lens monovision.2

Laser Blended Vision is a relatively short procedure,
lasting between 10 to 15 minutes if performed as a
bilateral simultaneous LASIK treatment. To program
the procedure, the dominant eye is keyed in, followed
by the refraction of both eyes. At this point, the sur-
geon selects to perform either a full or mini Laser
Blended Vision treatment; this decision is directly
related to the patient’s score on a clinical tolerance
test. The surgeon then accepts the automatically pro-
grammed nominal targets or alters them, depending
on the patient’s refractive error. Additionally, it is pos-
sible to upload the registration image from the wave-
front analyzer and/or the keratometry values from
topography. 

MECHANISMS, ABLATION PROFILE
Five mechanisms are responsible for the success of

Laser Blended Vision, each relating to how it increases
the depth of field: (1) controlled increase in corneal
aberrations, (2) pupil constriction during accommo-
dation, which provides a depth of focus increase on
the retinal image, (3) retinal and cortical processing,
which increases contrast of the retinal image, (4)
micro-monovision, which provides continuous 
distance-to-intermediate-to-near vision between the
eyes, and (5) central cortical processing, including
neuronal gating and blur suppression.

The optimized ablation profile of Laser Blended

My Experience With
Laser Blended Vision
This viable presbyopia treatment is appropriate for patients with
emmetropia, myopia, or hyperopia.

BY ETIENNE HACHET, MD

Laser Blended Vision is a 
treatment option for presbyopia

correction in patients with
emmetropia, myopia, or 

hyperopia, even in the presence of
astigmatism.

0910CRSTEuro_ReLEx_Supp.qxd  8/17/10  2:11 PM  Page 6

<<
  /ASCII85EncodePages false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressPages false
  /ConvertImagesToIndexed true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>

>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


Synapse PrepareBryn Mawr Communications, LLC:Fry Communications - 4 ColorQuarkXPressª Settings: Incl_NoOv_Mrks_Comp
User may modify QuarkXPressª settings prior to sending
InDesignª Print Style: Incl_NoOv_Mrks_Comp
Distiller Job Options: Creo PDF Pages.joboptions
PitStop Profile: Fry Prinergy settings 4-c.ppp
PitStop Actions: Remove OPI
                 FRY_Certified_Logo_registration
                 remap_colour
User can add info annotations into resulting PDF
Distiller annotations will be added into resulting PDF
Job Info annotations will be added into resulting PDF
Directive annotations will be added into resulting PDF
�

Job Name:  Synapse Prepare Job
Job Number:  V14
Proof Due:  Thu, Jul 4, 2002
Final Due:  Thu, Aug 29, 2002
Company:  Synapse Prepare Inc.
Contact:  Todd
Address:  18 PDF Lane
City:  Albertville
State:  BC  Zip:     Country:   
Office Phone:  555-555-1212
Email:  todd@synapseinc.com
Notes:  Please call if you have questions about this job
�



SEPTEMBER 2010 I INSERT TO CATARACT & REFRACTIVE SURGERY TODAY EUROPE I 7

Redefining Cataract Surgery

Vision relies on the patient’s age, his or her refraction,
preoperative spherical aberration, corneal topographical
vertex, and tolerance for anisometropia. This profile,
in combination with pupil constriction during accom-
modation, is responsible for increasing the depth of
field. The profile also works to maintain good visual
quality, contrast sensitivity, and night vision. 

PERSONAL EXPERIENCE
In my clinic, we frequently treat patients with the

following refractive situations: young patients with
hypermetropia and no presbyopia, anisometropic
patients with or without binocular vision, patients
with relatively average myopia (-2.00 D), patients with
significant myopia (~10.00 D), and emmetropic
patients. What we have to keep in mind is that,
although patients may present with the same condi-
tions, they have very different personalities, which
means they have very different demands. 

We have often treated such patients with progres-
sive glasses, bifocal implants, multizonal LASIK (ie,
presby-LASIK), monovision, and conventional LASIK.
However, the increases or decreases in depth of field
after these treatments are unreliable. Either the depth
of focus is too weak, with two focalization planes, or
it is too strong, with a modification of asphericity. But
with Laser Blended Vision, it is an aspheric nonlinear
ablation, so the depth of focus increases in each eye. 

I have treated 38 patients with Laser Blended

Vision; all have reported excellent tolerance to this
treatment and none have required an enhancement. I
use high-definition aberrometry, which measures
1,452 points across the entire eye. I take measurements
first with undilated and then dilated pupils, to deter-
mine quality of the limbus and iris. After I enter the
parameters into the software, I perform the treatment
at 80 µm, using an 8-mm diameter flap and a 60º 
sidecut. 

To date, our results have shown that monocular
vision is better than what we expected for the non-
dominant eye (7/10 at -1.50 D). Even more impressive,
binocular vision is better than monocular vision
(12/10 vs 10/10, respectively), because both eyes com-
bine to form a blend zone. Additionally, there is a
large increase in the depth of field, without intermedi-
ate weak vision as we have seen with bifocal implants,
and no loss of lines on distance or near vision. All
patients have at least 9/10 distance visual acuity and
read J3 or better.

CONCLUSION
I have been very satisfied with the laser blended

treatment performed with the CRS-Master. Results in
all patients have been outstanding, and this treat-
ment has truly proved to be fully reliable and cus-
tomizable. I will continue to use Laser Blended Vision
in my patients as long as the patient can tolerate a
microbalance between eyes. ■

Etienne Hachet, MD, states that he has no financial
interest in the products or companies mentioned. He
may be reached at tel: + 33 6 22 725 725; e-mail:
Perso.hachet@wanadoo.fr. 

1. Reinstein DZ, et al. LASIK for hyperopic astigmatism and presbyopia using micro-
monovision with the Carl Zeiss Meditec MEL80. J Refract Surg. 2009;25:87-93.
2. Evans BJ. Monovision: A review. Ophthalmic Physiol Opt. 2007;27:417-439.

The laser blended profile, in 
combination with pupil 

constriction during 
accommodation, is responsible for

increasing the depth of field.
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T
raditional penetrating keratoplasty (PKP), based
on mechanical trephination of a full-thickness
corneal button, has been the most exploited

corneal transplantation technique for many decades.
It historically provides surgical simplicity and good
clinical results. During the last decade, however, 
keratoplasty surgery underwent evolutions that led to
the development of new surgical procedures that
opened new perspectives for our patients.1 Based on
the concept of lamellar surgery, these techniques tar-
get lamellar replacement of the normal cornea, and as
a selective approach, rely on replacing either anterior
stroma—anterior lamellar keratoplasty (ALK)—or
posterior replacement of deep stromal and endothe-
lial layers—endothelial keratoplasty. 

Recently, there has been an increase in the number
of completed anterior lamellar and endothelial 
keratoplasty procedures. As a testament, reports from
the Eye Bank Association of America confirm a 
significant increase in the demand for donor corneas
for endothelial keratoplasty procedures (13.3% in 2006,
28.2% in 2007, and 33.3% in 2008).2 Now, another
development has surfaced: the use of the femtosecond
laser to create precise trephination and lamellar cuts
suitable for various keratoplasty procedures.
Femtosecond laser devices have potential to produce
high-precision microsurgery, particularly in applications
involving the transparent tissue of the cornea. The
solid-state femtosecond laser uses a wavelength in the
infrared range, and the spot size is adjustable to a few
microns or less; in contrast to excimer laser 
photoablation, the cornea is transparent to its laser
beam, allowing intrastromal photodisruption. 

C U T S  I N  S T R O M A L  T I S S U E
We are currently using the 500 kHz VisuMax fem-

tosecond laser (Carl Zeiss Meditec, Jena, Germany) to
perform various keratoplasty procedures. Our experi-

ence with this laser platform extends to 2 years. The
sequence of adjacent cavitation bubbles precisely
focused in the corneal stroma produces cuts in the stro-
mal tissue, which may be created at various depths or
shapes, with minimal collateral tissue injury.3,4 The fem-
tosecond laser has been used to generate custom
corneal trephination profiles in PKP,5-9 deep corneal dis-
section in lamellar keratoplasty,10,11 and posterior lamel-
lar discs for Descemet’s stripping endothelial keratoplas-
ty (DSEK).12,13 It is also capable of performing corneal
trephination with adjustable diameter, size, cut angle,
and shape and full-thickness, anterior, and posterior
lamellar dissections. 

Quality and regularity of femtolaser cuts are key ele-
ments for excellent surgical results, particularly when
considering the optical quality of deep stromal inter-
faces obtained by femtosecond dissections in deep
anterior and posterior lamellar keratoplasty.
Postoperative results strictly depend on the frequency,

The VisuMax Femtosecond
System is a Standard Tool
for Keratoplasty
The femtosecond laser may allow standardization of selective lamellar endothelial replacement.

BY LEONARDO MASTROPASQUA, MD; MARIO NUBILE, MD; AUGUSTO POCOBELLI, MD;
AND MANUELA LANZINI, MD

Figure 1. Scanning electron microscopy at 500X magnifica-

tion of the human cornea after VisuMax (500 kHz) dissection

and trephination of a donor corneal button. Note the

smoothness and regularity of the surfaces and borders

obtained by the femtosecond laser cut.
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energy, and spacing of the laser pulses—particularly for
deep stromal cuts—because of looser fibrillar configu-
ration of the rear stroma and of the laser energy attenu-
ation in deep layers. First-generation femtosecond lasers
were characterized by high energy levels and low fre-
quency, producing irregularities in deep stromal cuts
(defined as stucco-like texture) and possible tissue
bridges.14 By increasing the frequency, reducing single-
spot energy, and fine tuning other laser parameters
such as spot spacing, new-generation femtosecond
lasers now produce smoother deep dissection surfaces
useful for both anterior and posterior lamellar 
keratoplasty. 

At 500 kHz, the VisuMax has one of the highest fre-
quency now available on the market, and it is capable
of performing PKP, ALK, and endothelial keratoplasty15

with high cut quality and regularity. This is confirmed
by scanning electron microscopy (SEM) investigations
(Figure 1).

P K P
Use of the VisuMax femtosecond laser for PKP pres-

ents several advantages over conventional mechanical
trephination of the recipient cornea and blade punch of
the donor tissue. In both cases, the laser performs the
trephination from the epithelial side; cut angle, size, and

borders are more likely to perfectly fit together, there-
fore reducing the risk for misalignment and induced
astigmatism. The VisuMax can perform a full-thickness
trephination in any case, and the surgeon can choose
and customize the angle of trephination cut with
respect to the corneal surface (Figure 2). This represents
a great advantage. 

Generally, conventional mechanical trephinations
produce vertical cuts at approximately 65° with respect
to the corneal surface at the periphery (Figure 3); how-
ever, punching from the endothelial side of the donor
tissue may produce a different configuration of the cut
border, leading to an imperfect matching between
donor and recipient tissue.16 Using the femtosecond
laser may improve donor-recipient matching, even
when using straight trephinations instead of complex
configurations such as the mushroom or top hat (Figure
2). We prefer to use a 90° cut for both donor and recipi-
ent, as we have found and SEM has confirmed that cut
quality is excellent (Figure 1). By using this configura-
tion, we have several advantages: (1) identically angled
borders for both recipient and donor tissue, (2) increased
surface of contact for better wound healing, (3) reduced
risk of leaking, (4) better graft geometry (Figure 3), and
(5) less tight sutures are required. 

Figure 2. Full-thickness trephination with the VisuMax for

penetrating keratoplasty of donor tissue. (A) The laser is 

performing the cut while the corneoscleral tissue is mounted

onto an artificial anterior chamber. (B, C) After completion of

the cut and removal of the corneal button, the angled 

trephination profile is visible. In this case, a 120° oblique cut

was used.The inner diameter of trephination is 6.8 mm, and

the outer (epithelial) diameter is 8.25 mm. (D) The donor 

button has a oblique trephination border; the cut edges are

smooth, without irregularities or tissue bridges.

Figure 3. Difference between (A) conventional mechanical

trephination and (B) 90° VisuMax trephination.

(C) Conventional trephination generally presents a 60° to 65°

cut angle, and matching the donor and recipient tissue bor-

ders occurs following this cut plane, producing less stable 

configuration; sutures must be tight, with consequent 

peripheral flattening of the corneal button and peripheral

shallowing of the anterior chamber early postoperatively.

(D) On the contrary, 90° femtosecond laser trephination 

produces a more physiological matching of the donor and

recipient tissues; sutures can be less deep and tight, and the

suture track is visible at approximately 60% of the local 

thickness. Postoperative morphology is presented by Visante

OCT (Carl Zeiss Meditec) images.

A A BB

C D C D
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L A M E L L A R  S U R G E RY
ALK. The femtosecond laser can also create lamellar

cuts for ALK.1,3 Today, the VisuMax platform offers the
greatest potential in this field, thanks to its high fre-
quency. Cuts are sufficiently smooth and easily placed
at the desired depth in the posterior stroma, even
through corneal opacities (at least within a certain
density). 

The ideal candidates for femtosecond-assisted ALK
are patients with visually debilitating corneal dystro-
phies, corneal scars, and leucomas. It must be highlight-
ed that, with the femtosecond laser, we can accomplish
deep stromal dissection but cannot dissect within
Descemet’s plane. Therefore, the big-bubble deep ante-
rior lamellar keratoplasty (DALK) technique remains the
gold standard procedure for keratoconic patients and
eyes with high visual potential. 

The advantages of performing femto-ALK in select-
ed patients are based on the rapidity and ease of the
procedure, which offers great patient comfort during
and after surgery. It can be performed under topical
anesthesia (similarly to LASIK), and the dissection
phase requires only a few minutes (Figure 4). Because
we use angled trephination borders, we prefer to use
eight single sutures to anchor the graft, which are 
generally removed after 6 to 10 months. Surgeons can
customize the dissection depth, diameter, and angle of
trephination in the recipient and donor cornea. In
cases of preoperative postinfectious opacity and thin-
ning of the cornea (Figure 5), the surgeons can pro-

gram the lamellar dissection at a desired depth, which
is generally guided by the Visante OCT (Carl Zeiss
Meditec) to calculate the level of stromal involvement
and corneal thinning. If needed, the surgeon may use
different settings for the donor cut to better restore
physiological thickness and geometry of the cornea
after the lamellar graft (Figure 5). 

Endothelial keratoplasty. Recent developments have
also made it possible to perform endothelial keratoplasty
with the femtosecond laser. In this procedure, the fem-
tosecond laser creates posterior corneal lenticules, also
known as posterior lamellar discs (PLD) for DSEK.12,13

The gold-standard technique is based on microker-
atome dissection of the PLD. 

The VisuMax femtosecond laser creates high-quality
PLDs of customized size and thickness. The donor
cornea is cut onto the artificial anterior chamber (we

Figure 4. The VisuMax 500 kHz femtosecond laser,

performing a deep lamellar dissection for ALK. Note the

gas bubbles spreading outward and merging together,

indicating good separation of the tissue. These images

show the easy separation of the dissected tissue and the

sufficiently smooth surface. Figure 5. ALK using the VisuMax 500 kHz femtosecond

laser. (A) Preoperative slit-lamp image of the case showing

a large central postinfectious corneal leucoma. (B) The

same case 2 months after femtosecond-assisted ALK. The

surgery was performed under topical anesthesia, with

eight single 10-0 nylon sutures, two of which were

removed to control astigmatism. (C) Preoperative Visante

OCT images of the corneal scar; note the thickness of the

stromal leucoma (230 µm) and the overall thinning of the

central cornea. (D) Postoperative image of the donor-

stroma deep interface appears regular (central distance

from the endothelium, 120 µm), and the donor button

thickness is approximately 400 µm. The transparency and

geometry of the cornea are restored.
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prefer a diameter of 8.5 to 9.0 mm). We use 90° trephina-
tion of the border because this vertical peripheral cut,
rather than the horizontal cut of the microkeratome
blade, reduces classic peripheral thickening of the PLD,
which plays a role in postoperative hyperopic refraction
shift. Moreover, PLD thickness can be easily customized
according to the preoperative pachymetry of the donor
cornea. Obtained lenticules present smooth surfaces,
minimal increase of peripheral thickness, and great preci-
sion in terms of desired thickness. 

CO N C LU S I O N
Our DSEK procedures with 140 to 160 µm PLD

thickness (Figure 6) typically have good results.
Ongoing studies are investigating the role of the
VisuMax in producing ultra-thin PLDs (below 100 µm)
for DSEK. Initial results are promising, and in our 
opinion, this femtosecond laser may offer the surgeon
a real chance to further standardize selective lamellar
endothelial replacements, which are the present and
will be for sure the future worldwide standard for
treatment of endothelial pathologies. ■

Manuela Lanzini, MD, practices in the cornea and ocular
surface unit of the Ophthalmology Clinic, Regional Center of
Excellence in Ophthalmology, University “G. d’Annunzio” of
Chieti and Pescara, Italy. Dr. Lanzini states that she has no
financial interest in the products or companies mentioned.
She may be reached at e-mail: manulanzini@virgilio.it. 

Leonardo Mastropasqua, MD, is the Director of the
Ophthalmology Clinic at the Regional Center of Excellence
in Ophthalmology, University “G. d’Annunzio” of Chieti
and Pescara, Italy. Dr. Mastropasqua states that he has no
financial interest in the products or companies mentioned.
He may be reached at e-mail: mastropa@unich.it. 

Mario Nubile, MD, is the Head of the Cornea and
Ocular Surface Unit of the Ophthalmology Clinic, Regional
Center of Excellence in Ophthalmology, University “G.
d’Annunzio” of Chieti and Pescara, Italy. Dr. Nubile states
that he is a paid consultant to Carl Zeiss Meditec. He may
be reached at e-mail: m.nubile@unich.it.

Augusto Pocobelli, MD, is Director of the Cornea and
Ocular Surface Unit of the Ophthalmology Division, San
Giovanni Hospital and Rome Eye Bank, Rome. Dr.
Pocobelli states that he has no financial interest in the
products or companies mentioned. He may be reached at
e-mail: apocobelli@hsangiovanni.roma.it. 
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Figure 6. DSEK assisted by the 500 kHz VisuMax femtosec-

ond laser. (A) Preoperative slit-lamp image of a severe case

of bullous keratopathy. (B) Slit-lamp image of the same

case after VisuMax DSEK. (C) Visante OCT findings after

surgery. The posterior lamellar disc has a central and 

paracentral thickness of 140 µm approximately with 

minimal increase of values in the periphery (red arrow).

The interface is regular and the recipient cornea has

regained normal thickness.
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