Femtosecond laser used in penetrating keratoplasty

The Femtec laser creates graft buttons and host

trephinations to match.

by Mark Tomalla, MD
Tipecaal b Qiuas Suncany Niwa
The Femiee lemiosecond laser from
20710 Perfect Vision, which was ap-
proved for penetrating  keratoplasty
procedures in July 2005, makes it pos-

sihle to perform the procedure from
endothelium 1o epitheliom with no me
chinical pressure or tomue exerted on
the tissue to be cut.

The precise cut of the femtosecond
laser begins at a depth of up w 1,200
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pm and is brought up to the epithe-
lium. The mechanieal pressure on the
globe during the procedure is anly
about 40 mm Hg. The curvature of
the cornea is flattened 1o 35 D,

Both the grafi and the excised tis-
sue are cot with such high precision
that the two diameters ean be of the
same selected size, resulting in an op-
tmal fit of the graft.

Femtosecond  laser  technology
makes into reality a procedure that
spares  endo-
thelial cells and
offers other
advantages as
well, The graft
and the host
cornen can be
prepared inany
desired cut size
with any de
sived dinmeters
and angles of
incision. Thus,
every patient can be given individual
treatment with a perfect fic

Apart from experimental studies
using the Femtec femtosecond laser,
the technology is so new that there are
as yet no publications on its clinical
use. 1 would like to share the follow-
ing case studies.
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Mark Tomalla

Patient 1

T 1605980, m fermnde patient, now S0 vears
old, was first referred 10 us i Duishurg at
the Centre for Crphthalmology, Clinie for

Tahia

acwity was (0,03,

In 2003, patient records showed cor
neal decomposition with dense scarring
to the limbus. Vision was limited now
ti only hand movement.

In July 2005, we decided (o perform
re-transplantation, which was  per-
formed using the femtosecond laser.

Patient 2

A THyearold woman sulfered
from Fuchs's endothelial dystrophy.
In 1992, the first corneal transplan-
tation was performed in the left eye.
Since then, the comen was again to-
tally clouded and presented an inho-
mogeneaus tissue structure. When the
patient cnme o us in July 2005, her
vision was limited 1o hand movement.
IOF wus 16 mm Hg. The patient also
had a cataract,

Patient 3
A third female patient, 62 years old,
suffered from bilateral keratoconus
The beft eve had preoperative visunal
acuity limited to hand movement, a cat-
aract, and a totally cloudy comea with
central and peripheral comeal scars

Preparing donor cornea

In preparing the donor eornea, the
back surfuce s frst coated with visce-
elustic, is in mechanical prepamtion, and
then clamped into the artificial chamber.
A pressure of 22 mm Hg is created.

The comen and the patient fnter-
face of the laser, which has a curva

Postoperative uncorrected visual acuity

1 [/

The patient had undergone several
operations on her right eve. As carly
as 1981, she received a scleral buckle
after vitrectomy and after laser co-
agulation in the retinal foramen. In
668, & cataract operation was per-
formed with implantation of an ante-
rior chamber lens, after which scleral
buckle repositioning was performed.
The patient had suffered since 1999
under pronounced cormeal decompo
sitlon after a vitrectomy with silicone
ail Alling. Her vision at the time was
already limited to light perception
and hand movement. After the fest
kerntoplasty, her postoperative visual

ture of 35 I), are placed together un-
der vacum. First, the donor cornea
is prepared under the femtosecond
laser (Figure 1). The light source for
the microscope consists of Muorescent
dindes arranged in o circle, and the
reflex of this illumination is directed
centrally (Figure 2},

The cornea is cut with a selected cut-
ting depth of 1100 pm and a laser spot
spacing of B/11 from the endothelium to
the epithelium using the femtosecond
laser (Figure 3}, In clouded corneas, a
nirrower spot distance of 3/6 was cho-
sen. The luser energy is set at 4 pf. The
cutting angle is programmed at 90° tn
the corneal curvature.



The entire preparation is performed
under visual contrul.

In these three cases, the diameter
of the transplant varied in size, de-
pending on the findings of the pa
tient. For patient | and patient 2, we
selected 8.2 mm as the size of the
transplant, The size of the cloudy

cornea to be replaced was 8 mm,
so owe |eft a difference of (0.2 mm
We deviated from this procedure
in patlent 3 and selected & mm as
the size of the transplant; the size
of the cloudy cornea to be replaced
wisk 7B mm. On the one hand, we
wanied to remove as little of the

CORNEA/EXTERNAL DISEASE

patient’s tissue as possible; on the
other hand, the transplantation was
to He directly under the protrusion.
In a possible repeated keratoplasty,
a larger dinmeter could then be se-
lected. (We have since changed our
vperating procedure in that we se
lect identical sizes for the donor and
reciplent comea, Thanks to the pre-
cise cuiting guality, we can expect
even beiter postoperative reaulls,

preparation of the donor comea.

The transplunt size can be selected
atl will, Theres are no limitwtions due
to mechanical microkeratomes in pre
paring the transplant.

Preparation of the donor comea is
mude from bottom to top, so that this
procedure & particularly sparing for
the comet! endothelium, This remains
largely intact, and there is only minimal
damage

Preparstion is considerably quicker
than in the wsial methods.

|Knra2nplasty, contevan] o gage 84y

Decisive advantages of performing
corneal transplantation with the fem-
tosecond laser became apparent in the
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Keratoplasty

feontimind from page B3)
Host trephination

First, the patient interfoce, which
is thie connecting site between the la-
ser and the globe, is mounted. Similar
to a contact lens, the patented patient
interface enables optimal ftting 1o the
cornea, and the curvature remains the
same during the entire procedure (Fig-
ure 4). In coupling the patient interfoce
to the comen, care must be faken that
a vacuum space forma between the pa-

tient interface and the cornen (o guar-
antee proper intrastromal laser applica-
tion (Flgure 5],

In patient 3, who had keratoconus,
the ideal contict between the comea
and the patient interface could only be
achieved using balanced salt solution.

lrrigating fluid smoathes the uneven-
ness during the coupling phase.

After the eye was positioned and
centered under the microscope, we
performed penetrating  keratoplasty,
We selected a comeal dinmeter of £
mim for the first two patients. For the
third patient, 78 mm was selected us
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the diameter,

In patient 1, we began af a culting
depth of 700 gm. Since this was too
shallow, the eye subsequently had 1o be
mechanically opened. In the next two
procedures, we went to o maximum
depth of 1,100 pm.

Alfter the laser procedure, the cor-
nen was well-released in all areas. On
remaval, there were only isolated epi-
thelial bridges, which ‘were released
with a blade,

The lnser energy was set at 4 p],
spacing was 36, and an angle of S
was selected in all patients,

We performed penetrating kerato-
plasty under total visunl control from
inside the comea to ouside. This can
be considered especially safe because

the eve remains a closed and thus stable
systemn [or as long as possible,
Penetrating  keratoplasty was per-
formed in patient | and patient 2 ac-
curately as planned, despite cloudy cor-
neas, In patient 3, continuons separation
of the tissue was achbeved, despite inho-
mogeneous tissue thickness and thickly
scarred zones. O removing the comea,
w found a broad-based tissue bridge in

thie ugsper third of the stroma, where the
scar tissue was more dense.

Total visual control

The comea was removed, and with
application of viscoelnstie, the previously
prepared donor comea nestled perfectly
in the opened eye. Here we see the of-
fect of the exact culiing edges af both the
patient comea and the prepared donor
comea. They fit almeat exactly,

Tor complete the procedure, four car-
dinal sutures were made for fixation be-
fore & continnouns suture was mace,

Postoperative results

Patient 1| improved after surgery,
and her postoperative vision was (L05,
The cornea was well adapted immedi-

b - o
A vacuum space must form between the patient interface and the cormes.

ately after the procedure. Subjectively,
the patient was happy and satisfied,

COne month later, the patient's vi-
sual acuity was (1125, and 10F was 14
mm Hg. The transplant was elear and
without folds.

One day postoperative, patients 2
and 3 had wneormected vision of L1, The
transplants were integrated without un-
evenness into the remaining recipient
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comes, and there were only discrete
Descemet folds because of slight swell-
ing of the transplants, Bodh patients had
an improvement n vision.

Discussion

The following parameters charac
terize m penetrating keratoplasty per
formed with the Femtec femtosecond
laser and how it differs from usual
methods. The incision is performed
from the endothelial side of the cor-
nea, ie, from inside the tissue upward
and outward, Thus, the endothelial
cells are subjected to low mechani-
cal stress. The eyve remains closed as
long as possible during the operation.
This makes the operation safer. But
mast of all, there is no epithelial inva-
sion into the anterior chamber thanks
to the direction of the incision. Han-
dling ol the tissue is without mechani-
cal pressure and torque motion and is
of high-quality cutting. Any desired
transplant size can be selected. The

" Apart from experimental
studies using the Femtec
femtosecond laser, the
technology is so new
that there are as yet no

| publications on its clinical
| use.

surgeon can also select any cut con-
figuration, which means a broad vari-
ability af form is available to him and
he is no longer limited by his equip-
ment. The eut gquality is high, so the
prepared  donor  transplant  nestles
perfectly in the opened eye. Fewer
wound scurs can be expected, and it
may be possible in the future 10 do
away with some sutures or sven per-
form this procedure with no sutures.
The operation is performed under
complete visual control. The surgeon
can follow the cut through his OF mi-
croscope and through the patient in-
terface at the same time,

The femtosecond laser technology
is suitable not only for treatment of
transparent cornesl tissue, but it can
also be used with extreme precision
in scarred corneal tissue. Another as
pect is that varying lissue hmmr&ﬁ-nu-
ity has almost no influence on the cut
quality, although the laser cuts were
performed with the same energy. The
only criterin here were discrete tissue
bridges, but they could be released
using a Sato knife or blade without
problems and without tensile stress,

We must, of course, wait until long-
fterm and more nUMerous postopera
tive patient data are available. Bul we
can already say that the use of the
femtosecond laser will set a new stan-
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dard i the performance of penetrat-
ing keratoplasty. Likewise, further de-
velopments in cut configurations are
expected (o bring reductions in post-
operative astigmatism because rotation
movements of the transplants could be
constderably reduced. Finally, a reduc-
tion in the number of sutures needed
can also be expected. ]
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