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Purpose: To evaluate the outcome and clinical per-
formance of the Carl Zeiss Meditec refractive all-laser
workstation consisting of the VisuMax® femtosecond
laser system and the MEL 80™ excimer laser in a mul-
ticenter study.

Methods: In this multicentre study, 92 eyes under-
went LASIK treatment, where all flaps were created
with the VisuMax® femtosecond system followed

by refractive treatment with the MEL 80™ excimer
laser. It represents the first series of consecutive eyes
treated at each of two reference clinics in March
2007. Follow-up was three months where manifest
refraction, BSCVA and UCVA at one day, one week,
one month and three months were gathered and
analyzed. Also flap quality, the integrative solution
with the MEL 80™ and its clinical performance were
evaluated.

Results: At both sites, safe, predictable, and high-
quality refractive outcomes were obtained. On aver-
age over the two sites, the three-month post-surgery
MRSE mean was found to be —0.05 D + 0.44 D within
a range between -1.5 D to +1.5 D. Ninety-eight
percent of the eyes were unchanged or gained one
or two lines of BSCVA. Stability showed no significant

change in refraction between one week and three
months post-surgery, i.e. VisuMax® eyes show fast
visual recovery. Due to only minor bubble generation
in the stromal tissue, the refractive treatments could
be performed immediately after the flap lift without
affecting the MEL 80™ eyetracker.

Conclusion: The combination of VisuMax® and

MEL 80™ reproduces the high quality of clinical out-
comes well known from the MEL 80™. Flap quality
was excellent with improved flap handling due to the
advantageous sidecut geometry that enables much
easier and safer flap repositioning than in conven-
tional LASIK. Excellent handling in terms of ergonomic
aspects and workflow as well as perfect interplay of
the two lasers in the all-laser LASIK workstation allow

very high safety and good success rates.

INTRODUCTION

Femtosecond laser systems for flap cutting in LASIK
are becoming increasingly attractive for many differ-
ent reasons. A very important clinical aspect is related
to the improved flap thickness standard deviation for
femtosecond flaps. Central flap thickness standard de-
viations of femtosecond lasers published vary between
5 pm and 19 pm, with an average of approximately
12 ym (see 5 and references therein). First prospective
studies using the VisuMax® system show for a cohort
of twenty-four eyes that 25 % of eyes were within 2 ym
of the intended flap thickness, 54.2 % of eyes were
within 5 pm of the intended flap thickness, and 87.5 %
were within 10 pm of the intended flap thickness.

The mean central flap thickness at 3 months for all
eyes was 112.3 + 7.9 ym, giving an accuracy of +2.3 pm
(attempted thickness 110 pm) and a reproducibility

of 7.9 ym®! In contrast to this excellent result, flap




thickness standard deviation of certain mechanical
microkeratomes is found to be in the range of 20 ym
to 40 pm. With improved more recent mechanical
microkeratomes flap thickness standard deviation be-
tween 12 ym and 20 ym was found (see 5 and refer-
ences therein). Apart from flap accuracy and precision,
also a more constant flap thickness and homogeneity
over the flap area seems to be attainable’ > 7 and,
moreover, flap stability subjectively appears bet-

ter for femtosecond laser flaps’. One may question:
why is this so? To answer this question, we have to
consider the principle behind the interaction between
femtosecond laser light and tissue. It is based on a
nonlinear optical interaction of light with the stromal
tissue realized through a laser beam focused tightly
into the stroma. Due to the strong temporal compres-
sion of the laser pulses (pulse length in the order of
femtoseconds, 1 femtosecond equals 107 seconds),
only very low light power is required for perforation,
i.e. to disrupt the tissue. Microscopically small gas
bubbles are formed subsequently, which further break
up the tissue in the micrometer range. Small spot
femtosecond lasers therefore have the ability to cut
the corneal tissue through photodisruption with only
minimal damage to the surrounding corneal tissue.
Due to the precise scanning of the focused laser beam
within the rigidly applanated area, an exact control
of the cut plane and, hence, thin and constant flap
thickness is possible. Mechanical microkeratomes, on
the other hand, may suffer from mechanical bearing
backlash, resulting in less accuracy. Maybe due to the
change in mechanical load during the blade move-
ment onto the cornea or for other reasons, they often
tend to cut deeper in the periphery than in the center
of the cornea. This could reduce stromal integrity to a
higher level than with femtosecond laser systems and
also may have impact into the visual results. Last but
not least, femtosecond lasers in contrast to mechani-
cal microkeratomes allow for a steep sidecut angle
bringing better flap handling and repositioning into
play (manhole cover “fit” of flap).

With the VisuMax® — MEL 80™ workstation, Zeiss
combined the advantages of femtosecond laser flap
cutting with the excellent clinical outcomes of the
approved MEL 80™ excimer laser into one unit with a
pivoting patient bed. One goal of this study was to

investigate if clear clinical indications could be found
in order to demonstrate the mode of action of the
different advantages discussed above. Therefore,

we were interested in finding out how this system
performs in daily practice regarding clinical outcome,
workflow efficacy, and patient comfort. To answer
this question, we performed a multicente study at
two sites

(Dan Z. Reinstein, London Vision Clinic, London, UK
and Rainer Wiltfang / Martin Bechmann, SMILE EYES
Augenklinik, Munich, Germany) with consecutive pat-
ients treated with the VisuMax® — MEL 80™ workstation.

METHODS

PATIENTS

92 spherocylindrical myopic eyes treated at two differ-

ent sites were retrospectively analyzed for this publi-

cation. Patients and data from the following reference
sites were involved:

1. London Vision Clinic, London, UK;
surgeon Dan Reinstein; 51 eyes,

2. SMILE EYES Augenklinik Airport Munich, Germany;
surgeons Rainer Wiltfang / Martin Bechmann;
34/7 eyes.

All patients were treated in March 2007 and these

studies represent the first series of consecutive eyes at

each of the two reference sites using the Zeiss worksta-
tion. Each site was equipped with the same workstation
consisting of the (CE-marked, FDA-cleared) VisuMax®
and the MEL 80™, each with the same software and
nomogram release. Reference surgeons followed the
same clinical protocol and recommendations. Patients
were screened for corneal pathologies by complete
ocular examinations. Patients with ocular pathologies
like severe dry eye, keratoconus, corneal scars, corneal
dystrophies, other ocular diseases with a certain history,
and previous ocular surgery were excluded.

I T L

Age 34y 23y -54y
K-Values (7.76 £ 0.24)mm | (7.11 to 8.39) mm
Sphere (-3.72+1.97)D (0 to -10.00)D
Cylinder (-0.85 +0.63)D up to -3.00D
MRSE (-4.12 +2.02)D (-10.50 to -0.75)D

Table 1: Pre-surgery subject demographics for the two-center
Zeiss VisuMax® — MEL 80™ workstation study, 92 eyes.



The gender distribution of the patients recruited was
uniformly distributed with 46 % males and 54 % fe-
males. Further details of the subject demographics of
the 92 eyes are summarized in Table 1.

Preoperative assessment included manifest refrac-
tion, best corrected visual acuity (BSCVA), uncorrected
visual acuity (UCVA), and at all sites also encompassed
corneal topography measurements using ATLAS 995
(Carl Zeiss Meditec, Jena, Germany) and ocular wave-
front sensing using WASCA™ ANALYZER (Carl Zeiss
Meditec, Jena, Germany).

VisuMax® — MEL 80™ REFRACTIVE
WORKSTATION

The Carl Zeiss Meditec refractive workstation is

an integrative solution consisting of the VisuMax®
femtosecond laser system used for flap cutting and
the MEL 80™ excimer laser system for the refractive
treatment. A pivoting patient bed combines the two
laser systems to become one unit. Therefore, the en-
tire surgical procedure, i.e. flap cutting plus refractive
treatment, can be carried out without having to move
the patient between these steps and without delay
times between femtosecond flap cut and excimer
laser ablation. Through applanation of the eye to the
spherically curved contact glass during the docking
procedure, the eye is immobilized when suction is ap-
plied. Contact glasses for VisuMax® flap cutting were
selected following the manufacturer recommendation
out of three types; small (S), medium (M), and large (L).
The size of the contact glass is chosen depending on
the limbus diameter. The proper selection is important
due to the unique corneal suction approach leaving
the sclera untouched.

Adjustable flap parameters are flap thickness, flap
diameter, hinge width, hinge location, and sidecut
angle. Docking and alignment is performed pursuant
to patient cooperation through patient fixation onto
the blinking green fixation light during the whole pro-
cedure. By means of adjustment of the internal optics
of the VisuMax®, the patient’s refraction can be com-
pensated for and the fixation light is always seen as a
sharp point during the whole procedure. The curved

applanation accompanied by onlya low increase in in-

traocular pressure means that this important property
is fulfilled during the whole docking procedure and
after the initiation of the suction (Carl Zeiss Meditec's
‘gentle corneal interface concept’)!

Spherocylindrical refractive corrections have been
done with the Carl Zeiss Meditec MEL 80™ excimer
laser system. It is a high-speed flying spot scanning
excimer laser with 0.7 mm Gaussian beam (FWHM)
and 250 Hz repetition rate. It has integrated eye
registration and eye tracking capabilities. Further in-
formation of the MEL 80™ excimer laser can be found
elsewhere. For all treatments, active eye tracking was
enabled and implemented standard nomograms for
sphere and cylinder corrections were used. All treat-
ments were performed using the ASA (advanced sur-
face ablation) profiles that aim at aspheric corrections.

SURGICAL PROCEDURE

Flap thickness set for the 92 eyes were between 105 ym
and 130 pm, with the majority at 120 pm for site 2
and 110 um (all 51 eyes) at site 1. For all eyes treated,
the flap sidecut angle was set to 110° (where 90°
sidecut angle would be perpendicular to the corneal
surface at sidecut position). The hinge position was
either superior or nasal depending on the refractive
cylinder axis at site 2 and always superior at site 1.
The hinge width was set to 3.5 mm in all cases. Used
flap diameters were between 7.5 mm and 8.9 mm

with a mean of 8.0 mm. Except for certain cases
where S-type contact glasses seemed to be better
adapted due to the white-to-white diameter, M-type
contact glasses were normally used. Patients were
asked to fixate on the green blinking fixation light
during the docking procedure. Docking is performed
by controlling the patient bed to align the patient
with the contact glass. This alignment procedure and
the applanation procedure are observed through the
operating microscope. When applanation takes place,
the applanation zone size can be easily inspected by
mediation of the fluid meniscus seen through the con-
tact glass. This meniscus starts to cover the whole in-
ner zone during increased applanation on the contact
glass and is pushed to the outer edge if applanation is
sufficient. The contact glass was either centered with
the pupil center or with the vertex depending on the



surgeon'’s preference during the docking procedure

to create the flaps centered respectively. Following the
flap creation, the patient bed with the patient in a
supine position was rotated 180° under the MEL 80™
for the refractive procedure. Rotation can be done in
seconds without any mechanical obstacles. Only slight
residual bubbles generated during the VisuMax® flap
cut were present after alignment of the patient under
the MEL 80™. Hence, no further waiting time or flap bed
massage was necessary and instant eye tracker opera-
tion was possible in all cases. Flaps were lifted under the
MEL 80™ using standard surgical instrumentation.

PATIENT FOLLOW-UP

Postoperative follow-up visits after one day, one
week, one and three months included determination
of manifest refraction, best corrected and uncorrected
visual acuity (BSCVA, UCVA), WASCA™ ANALYZER
(Carl Zeiss Meditec, Jena, Germany) ocular wavefront
measurements, and ATLAS 995 (Carl Zeiss Meditec,
Jena, Germany) topography measurements. In addi-
tion, patients responded to a questionnaire.

RESULTS

Analysis of the data was driven by the following
defined study end points: predictability (attempted vs.
achieved refractive outcome), refractive outcome for
manifest spherical equivalent (MRSE), efficacy evalu-
ated by uncorrected visual acuity (UCVA), safety evalu-
ated by best spectacle corrected visual acuity (BSCVA),
stability of the correction over time, adverse events,
intra-operative and postoperative complications, and
ergonomic aspects regarding the usage and workflow
of the VisuMax® — MEL 80™ workstation.

Sphere (-0.08 + 0.45)D (-1.50 to +1.75)D
Cylinder (-=0.26 + 0.26) D up to -1.00 D
MRSE (-0.05 + 0.44)D (=1.50 to +1.50)D

Table 2: Three-month post-surgery subject demographics for the
two-center Zeiss VisuMax® — MEL 80™ workstation study, 74 eyes.
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Figure 1: Predictability MRSE. Predictability mean spherical
equivalent achieved vs. attempted for 74 eyes at three month
post-surgery collected from two sites

Site 1 45 y=1.02x-0.15 R?=10.95
Site 2 29 y=101x-0.14 R?=10.98
Total 74 eyes y=1.02x-0.15 R?=10.96

REFRACTIVE OUTCOME

In total over both sites, the 3-month post-surgery fol-
low up visit was 80% or 74 eyes. The analysis of the
refractive outcome for this follow-up cohort provided
the following results: Results given in Table 2 will be
further detailed and assigned to the two participating
sites below.

Predictability refraction achieved vs. attempted
manifest refraction spherical equivalent (MRSE) cor-
rection was found to be relatively equal between

the two sites. Results for the entire cohort of 74 eyes
from the two sites are presented in Figure 1. The
differences given in terms of linear regression can be
found in the table attached to the figure. Most of the
eyes (>80%) were corrected within a range of + 0.5 D
around plano. In conjunction with this finding, the
mean MRSE changed from —4.12 D + 2.02 D preopera-
tively to —0.05 D + 0.44 D postoperatively on average
over the sites. These are reliable high-quality results.
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Figure 2: Refractive outcome for MRSE at three month. Percen-
tage of the eyes within attempted, sectioned in the intervals as
given on the abscissa for 74 eyes together for all three sites.

(-0.51to | + 0.50D | (+0.51to | (+1.01 to

+1.00)D | +2.00)D
Site 1 | 45 13% 73 % 7% 7%
Site 2 | 29 3% 97 % = =
Total | 74 eyes 9% 83 % 4% 4%

Refractive outcome -

MRSE percent within attempted

Refractive outcome is shown in Figure 2. 83 % of all
eyes from the two sites are found between + 0.5 D
around the attempted target refraction. Cumulative
96 % are within + 1 D with no clear trend towards
overcorrection or undercorrection. Only 4% or 3 eyes of
all 74 eyes fall out of the + 1 D into the + 2 D inter-

val. As stated above, we believe this refers to the non-
optimal system parameter settings at the very begin-
ning of the study and also due to the surgeon’s learning
curve. The former effect seems to have the dominant
influence. Our interpretation is based on the fact that
most“outliers” responsible for the eyes within 1 D to

+ 2 D as well as some of those between + 0.5Dto+ 1D
range were clearly attributable to the first treated
eyes, and the results were better after adaptation and
optimization of the VisuMax® system parameters.
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Figure 3: Efficacy at three month. Cumulative percentage of
eyes with uncorrected visual acuity in the intervals given on the
abscissa for 31 eyes collected from both sites. Note only eyes with
attempted plano refraction are gathered.

20/15 20/20 20/25 20/30

Site 1 | 7 eyes 86 % 100 % 100 % 100 %
Site 2 | 24 eyes 8% 79 % 100 % 100 %
Total |31 eyes 26 % 84 % 100 % 100 %

Efficacy — UCVA at one month

Findings for the uncorrected cumulative visual acuity
(UCVA) at three months post-surgery for both sites
are summarized in Figure 3. About one quarter of the
patients are 20/15 or better (26 %), and 84 % are at
least 20/20. All eyes are 20/25 or better. We believe
this data to be representative, although only 31 eyes
were covered for the efficacy analysis. This result is

all the more impressive if the unchanged and non-
adapted MEL 80™ nomogram implementation is taken

into account.

Safety — Change in best corrected visual acuity
Best spectacle corrected visual acuity (BSCVA) changes
pre- to post-surgery (see Figure 4) demonstrate safety
of the VisuMax® flap cutting followed by the MEL 80™
refractive correction approach. 99 % of all eyes were
unchanged or gained one or two lines after three
months post surgery. Only one eye lost one line, but

no eye lost two or more lines.
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Figure 4: Safety at three month. Percentage of eyes change in
best spectacle corrected visual acuity in the intervals given on the
abscissa for 74 eyes together for the two sites.

Lost 1 line | Unchanged Cila:ir:le;d gﬁ::gg
Site 1 45 2% 53% 38% 7%
Site 2 29 - 83 % 14 % 3%
Total | 74 eyes 1% 66 % 28% 5%

Stability — Refraction (MRSE)

We found stability (see Figure 5) of the refractive
correction over time to be excellent. The refractive

end point of the mean MRSE appeared to be stable by
the one-week visit. The three-month results showed
slight improvement compared to the one-week results.
Moreover, we found the scattering of the stability data
around the mean to be within the + 0.5 D interval.
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Figure 5: Stability after three months. MRSE change from pre-sur-
gery to 1 day (1d), one week (1 w), one month (1 m), and three
months (3 m) post-surgery for 74 eyes collected from both sites.

ADVERSE EVENTS AND COMPLICATIONS IN

THE VisuMax® GROUP

As the femtosecond flap cutting using VisuMax® was
a completely new approach, we paid special attention
to findings related to adverse events and complications.
One main issue with LASIK in general is the occur-
rence of dry eyes. In total over the two sites, we had
20 cases suffering from mild sicca syndrome

(see Table 3). After three months, about half of the
eyes with sicca syndrome completely disappeared and
in 11 cases, the sicca syndrome remained. This num-
ber is absolutely comparable to our experience with
microkeratome flap generation and confirmed our
expectations in this respect. We did not expect to find
a measurable difference in dry eye syndrome between
eyes treated with the VisuMax® and a mechanical mi-
crokeratome with the limited amount of eyes treated
in this study. It is still under debate if a difference in

Adverse Events/

Quantity — overall / three months

Complications

Dry eye 13/8 7/3 20/11
Fplthellum in the 474 0 a/4
interface

Eye irritated 0 0 0
VA blurry, (inter-

face) Haze, other 0 0 0/0
complaints

DLK/ corneal infiltrate 0/0 0/0 0/0
or ulcer?

Microstriae 0 2/1 2/1
Opening of flap / flap 0 1 1
lift / flap repositioning

Corneal epithelial

defect involving the 0 0 0
keratectomy

Flap complications

(lost, incomplete, too 0 0 0
thin, other)

Light sensitivity (not

transient light sensi- 10/0 0 10/0
tivity syndrome)

Table 3: Summary table of adverse events or complications for
both sites. The first number given in each cell represents the over-
all event number and the second number shows the finding after
three months post-surgery.



sicca could be reasonable and understandable in view
of the origin of sicca discussed so far today. The cut
geometry of the VisuMax® femtosecond laser sys-
tem is definitely different to the cut geometry of a
mechanical microkeratome® 7. VisuMax® flaps appear
to be more consistent whereas mechanical microkera-
tomes often cut deeper in the periphery and thin-

ner in the center. Moreover, the sidecut geometry is
different in that it is much steeper in the VisuMax®
flaps compared to mechanical microkeratome flaps.

It must be noted that the VisuMax® is not restricted
to steep sidecut angles but also allows flat running
flaps at the edges. However, we found steeper steps
to be advantageous for the purpose of flap handling.
Furthermore, we had four cases of epithelium in the
interface and no case of DLK. In 2 cases, we found
microstria formation after surgery, which in one of the
eyes disappeared completely after three months. At
site 1, some patients (ten eyes) complained about an
increased light sensitivity for a short time directly post-
surgery. This light sensitivity disappeared fully within
a few weeks and no patient suffered from light sensitiv-
ity after three months. It must be emphasized that the
light sensitivity found was neither as pronounced as
the known transient light sensitivity syndrome (TLSS),
nor were there clinical indications for TLSS present in
our opinion (see, for example 6). In some cases, we
were concerned with technical issues. In 4 cases, we
observed inadequate suction immediately registered
by the system while docking of the contact glass to
the eye. Inadequate suction in such cases was related
to the wrong selection of the contact glass size and
could be avoided by using the appropriate white-to-
white limbus diameter. In a few very early cases we
observed suction leakage due to a factory defect of
the contact glass. The problem was solved by increas-
ing contact glass production quality control measures.

WORKFLOW EFFICIENCY, PATIENT COMFORT
AND OTHER ASPECTS

The VisuMax® learning curve was shorter than for a
mechanical microkeratome although the VisuMax®
device itself appeared very impressive to us during the
first inspection. This is due to the clear and safe control
concept and the straightforward application approach
implemented in the system. Carl Zeiss implemented

a very effective, safe, and easy-to-use contact glass
interface with the ‘gentle corneal interface’ concept.
Unlike other femtosecond laser systems? 3%, suction is
applied only to the cornea and limbus rather than to
the sclera, hence avoiding trauma to the conjunctiva.
Moreover, in contrast to most other femtosecond laser
systems® 4, the VisuMax® creates a spherical contact
interface only with the corneal surface and limbus.
Due to a curved contact glass design, excessive defor-
mation of the cornea is avoided. This unique corneal
suction approach guarantees very low suction pres-
sure and, therefore, keeps the IOP increase mediated
low as well. This is very important for the surgeon
and very comfortable for the patient. All our patients
could clearly see the fixation target during the dock-
ing procedure and after initiation of the suction. This
makes it possible to perform docking and alignment
pursuant to patient cooperation (auto-centration) that
is a prerequisite for good flap centration. The effec-
tive suction time is about the treatment time for flap
cutting itself because there is no additional adaptation
process and additional suction time necessary as with
other systems*. We found the short suction to be very
convenient for the patient also. Net flap creation time
that also corresponds approximately to the suction
time for the procedure lies between 20 to 45 seconds
depending on the flap diameter and treatment mode
selected. We experienced the fast and straightfor-
ward bilateral flap creation with the VisuMax® as very
advantageous. Last but not least, the low VisuMax®
femtosecond pulse energy avoids thermal heating and
access energy to be deposited in the stromal tissue.
Therefore, no change in the postoperative steroid
regime is required when transferring from mechanical
microkeratomes to femtosecond flap cutting.

VisuMax® provides good structural separation of the
flaps from the flap bed tissue. The flap beds were
smooth with a finely structured stromal bed surface
and clean edges. Flap opening is easy and comparable
to a mechanical microkeratome flap relift after three
months. Flaps created are different to microkera-
tome flaps because they have a step sidecut angle.
We found that flap repositioning is more precise and
that flaps insert naturally into their bed (like manhole
cover “fit” of flap). Flaps seem to be more stable and
behave more practically. We associate this with the



more constant flap thickness that is found in (5) to
be published soon. In this study, it was found that
flap thickness is highly predictable with the VisuMax®
(mean central flap thickness for 24 eyes at 3 months
post-surgery: 112.3 + 7.9 pm for intended flap thick-
ness of 110um, i.e. accuracy of +2.3 pm and repro-
ducibility 7.9 pm).

Through the pivoting patient bed combining the two
laser systems, an ergonomic workflow of the entire
surgical procedure, i.e. flap cutting plus refractive
treatment, is guaranteed without having to move the
patient between these steps and without delay times
between femtosecond flap cut and excimer laser
ablation. Only minimal opaque bubble layer (OBL) was
present on arrival at the MEL 80™ and the eye tracker
was instantly functional without any need for stromal
bed massage.

CONCLUSION

The Carl Zeiss Meditec workstation combining
VisuMax® and MEL 80™ provides safe, predictable,
stable, and high-quality refractive outcomes, with a
fast visual recovery. No adverse events occurred and
complications like microstria and dry eyes for femto-
second flap cutting were comparable to the experi-
ences gained with the established LASIK procedure
over years. Flap quality is excellent and flap beds very
smooth. We attribute the improved flap handling and
repositioning to the advantageous sidecut geometry
and homogeneous thickness of the flaps. Due to the
clear concept of the application procedures, only a
very short learning phase is required to get used to
the workstation and its usage. It is safe and effective
in daily practice and allows for a high level of surgeon
reliance and patient comfort due to the ‘gentle cor-
neal interface concept’, enabling low corneal suction
and short suction times.

Carl Zeiss Meditec AG
Goeschwitzer Strasse 51—52 Fax:
07745 Jena
GERMANY

Phone: +49 36 41 22 03 33
+49 36 41 22 02 82
info@meditec.zeiss.com
www.meditec.zeiss.com
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