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Purpose: To compare the relative effectiveness of Verion-LenSx guided femtosecond
arcuate incisions and manual incisions in reducing postoperative refractive astigmatism.
Patients and Methods: This was a contralateral eye, prospective study that included
subjects with 0.50 D to 1.75 D of corneal astigmatism who wanted less refractive astigmatism
post cataract surgery. The surgeon used anterior keratometry and the Woodcock astigmatism
nomogram for preoperative planning, while the LenSx femtosecond laser with the Verion
Image Guided System was used to create all laser arcuate incisions. Manual incisions were
planned using the Donnenfeld nomogram and made with a fixed-depth diamond knife. The
primary outcome measure was the residual refractive astigmatism at 3 months postoperative.
Secondary outcome measures included the manifest refraction, uncorrected distance visual
acuity and the change in corneal astigmatism from 1 to 3 months postoperative.

Results: Forty-one subjects were successfully enrolled in the study, with data from 38
subjects available at 3 months. There were no statistically significant differences in refractive
astigmatism, corneal astigmatism, uncorrected distance visual acuity or manifest refraction
between the Manual and Femto groups at either 1 month or 3 months. Significant changes in
refractive and corneal astigmatism were noted between 1 months and 3 months.
Ninety percent of eyes in both groups had <0.50 D of refractive astigmatism at 3 months.
Two minor non-serious adverse events (full-thickness incisions of the cornea) occurred in
two eyes of two different subjects in the Manual group; they were resolved without incident.
Conclusion: Laser arcuate incisions appear to be an effective means of reducing post-
operative refractive astigmatism at the time of cataract surgery. No significant clinical
differences were observed between incisions made manually and those made with an image-
guided femto-second laser system. The lower number of minor adverse events experienced
with the femtosecond laser system is an apparent advantage.

Keywords: Verion, LenSx, cylinder, femtosecond, cataract surgery, corneal arcuate
incisions, astigmatism

Plain Language Summary

Many patients having cataract surgery have low levels of astigmatism, an optical error that
causes blurred vision at all viewing distances. Low levels of astigmatism may be treated at
the time of surgery by making partial thickness incisions in the cornea, the clear front part of
the eye. Traditionally, this has been performed manually, with a small blade held by the
surgeon. More recently, a new technology that involves the use of a laser to make
the incision has become available. Imaging systems help guide the placement and depth of
the laser incision.
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This study was designed to see if there were clinical advan-
tages to using the laser system. The relative effect of both the
manual and laser incisions appeared similar 3 months after sur-
gery. The laser system was associated with fewer complications
at the time of surgery. It may therefore be a recommended alter-

native to a manual technique.

Introduction

The presence of a low to moderate level of corneal astig-
matism at the time of cataract surgery is very common. It
is estimated that two-thirds of eyes presenting for cataract
surgery will have between 0.50D and 1.50D of corneal
astigmatism.' With a non-toric intraocular lens (IOL), such
levels of corneal astigmatism may contribute to a level of
refractive astigmatism that is likely to compromise uncor-
rected vision.?

The primary surgical options for reducing astigmatism
at the time of cataract surgery include implantation of
a toric IOL or the use of corneal arcuate incisions to
alter the topography of the cornea. The decision of which
method to use may be affected by IOL availability, cost
considerations and the magnitude of the corneal astigma-
tism measured. The two methods appear to provide similar
clinical outcomes and visual quality at low levels of
astigmatism,® > but at higher levels of corneal astigmatism
(ie, >1.50 D) toric IOLs appear to be more effective and
predictable.® Corneal relaxing incisions have traditionally
been created manually, using a hand-held blade. This
increases the level of surgical skill required for cataract
surgery. By contrast, implanting a toric IOL is little dif-
ferent than implanting a non-toric IOL, with the exception
of requiring more precise orientation in the bag.

Recently, femtosecond laser systems with image gui-
dance capability have been developed for use during catar-
act surgery. While primarily developed to assist with lens
fragmentation and creation of the capsulorhexis, they can
also be used to create corneal arcuate incisions. With such
a laser system, the location, depth and extent of the inci-
sions can be more precisely controlled, and the measure-
ment of the anterior and posterior corneal positions can
prevent inadvertent full-thickness perforation. In addition,
associated image guidance systems can improve alignment
of the incision;” if the image guidance system registers
corneal astigmatism in the upright state, compensation for
cyclotorsion is possible when the laser is used in the supine
position. These features are likely to improve the predict-
ability,

safety and effectiveness of any astigmatism

correction. Laser arcuate incisions have been demonstrated
to significantly reduce corneal astigmatism.®’

The purpose of this study was to compare the relative
effectiveness of corneal arcuate incisions made with
a manual (blade) technique to those planned using an
image guided system and created using a femtosecond
laser system (Verion® Image Guided System, and
LenSx®, both Alcon, Fort Worth, USA). We know of no
other contralateral comparison of these two methods (man-
ual vs femtosecond laser system) in the literature.

Patients and Methods

This study was a comparative, prospective, randomized
contralateral eye study of visual outcomes after corneal
arcuate incisions at the time of cataract surgery. Subjects
had to be presenting for cataract surgery with 0.50 D to
1.75 D of regular corneal astigmatism, good ocular health,
a potential acuity of 20/25 or better and be scheduled to
have a non-toric monofocal IOL (SN60WEF, Alcon, Fort
Worth, USA) implanted in both eyes. Subjects with irre-
gular astigmatism, previous ocular surgery or an ocular/
medical history that was likely to confound the results of
the investigation (eg, diabetes, atopic disease) were
excluded.

The sample size was calculated based on an expected
difference of 0.25D in refractive astigmatism, a power of
0.8 and an alpha (p value) of 0.05. The standard deviation
of postoperative refractive astigmatism was estimated to
be 0.4 D. With these values, it was determined that 41
contralateral subjects would be required. The study was
approved by an institutional review board (SALUS IRB,
Austin, TX) and was registered with clinicaltrials.gov
(NCTO04126174). All subjects signed an IRB-approved
informed consent document, and the study was conducted
in a manner consistent with the tenets of the Declaration of
Helsinki and local regulatory requirements.

Biometry was measured with the Lenstar LS900
(Haag-Streit, Koniz, Switzerland), with corneal kerato-
metry checked with the Atlas 9000 topographer (Carl
Zeiss Meditec, Berlin, Germany). Ultrasound pachymetry
was measured on all eyes receiving a manual incision.
One randomly chosen eye of each subject was treated
using a fixed keratome diamond knife set for 500-600
microns to create the incisions, with an 8.0 mm optical
zone and the incision arc length based on the Donnenfeld
nomogram (Manual group). The contralateral eye (Femto
group) received arcuate relaxing incisions planned using
the Woodcock nomogram'® and administered with the
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LenSx femtosecond laser system, with standard settings
of an 8.0 mm optical zone and 90% incision depth. All
Femto incisions were opened. The Verion® Image
Guided System was used to register the orientation of
the eye for the femtosecond laser incisions. The surgeon
completed surgery using an all-manual technique (ie, no
femto capsulotomy, lens fragmentation or surgical
incisions).

Subject visits included a preoperative evaluation,
a surgery visit and 1-day postoperative visit for each
eye, and follow-up visits 1 month and 3 months after
the second eye surgery. Clinical evaluations included
measurement of visual acuity, manifest refraction, cor-
neal astigmatism (measured postoperatively with the
Lenstar device) and a standard slit-lamp examination.
Any adverse events/serious adverse events (AEs/SAEs)
were recorded at the operative visit and at all post-
operative Vvisits.

The primary outcome measure of interest was the
residual refractive astigmatism. Secondary measures of
interest included the percentage of eyes with <0.50
D of refractive astigmatism, the uncorrected monocular
distance visual acuity (UDVA), corneal astigmatism
and the manifest refraction. Statistical testing included
analysis of variance (ANOVA) for continuous variables
and appropriate non-parametric tests for categorical
data, with significance set at p=0.05. Between-eye
results (by subject) were compared using a repeated-
measures ANOVA. Astigmatism analyses were per-
formed using vector math. Data are not available for
sharing.

Results

Forty-one subjects were successfully enrolled in the study.
Three subjects were lost to follow-up, leaving 38 subjects
with data available at 3 months; of these, four subjects did
not attend their 1-month visit.

Demographic and preoperative keratometry data for
subjects completing the study are shown in Table 1. In
several instances, reliable anterior cornea measurements
could not be made on all devices, but at least 35 eyes
could be measured for all groups/devices. There was no
difference in the mean keratometry or the corneal astig-
matism measured by device between groups, indicating
a good match (as expected, with contralateral eyes).
There were statistically significant differences in the
mean keratometry and corneal astigmatism measured
between devices in some cases; these are identified in the
table. A repeated measures ANOVA with a Tukey’s
Honestly Significant Difference post-hoc test was used to
determine which devices differed.

The distribution of postoperative refractive astigma-
tism by treatment device is shown in Figure 1 (1 month)
and Figure 2 (3 months). Table 2 summarizes the relevant
refractive and keratometric data at 1 month and 3 months
postoperative. Corneal astigmatism data are reported based
on measurements obtained with the Lenstar device. There
were no statistically significant differences in the measured
variables between the Manual and Femto groups at either
1 month or 3 months. Residual refractive astigmatism was
statistically significantly lower at 3 months than at 1
month for both groups, with a slightly larger improvement
in the Manual group (p = 0.002). Corneal astigmatism in

Table 1 Demographics and Corneal Cylinder Data (n = 38 Subjects, 76 Eyes)

Age (Years) 69 £ 7 (51 to 83)

Female/Male 21717

Mean Keratometry (D) Manual Femto p

Lenstar 44.07 + 1.18 (41.40 to 46.65) 44.11 = 1.25 (41.95 to 46.40) 0.90

Verion 44.51 = 1.21 (41.72 to 47.29) 44.59 = 1.29 (42.13 to 47.11) 0.80

Topography 43.83 + 1.31 (40.15 to 46.06) 44.04 = 1.15 (42.01 to 46.42) 0.47
p 0.00%* 0.00%*

Corneal astigmatism (D) Manual Femto p

Lenstar 0.98 + 0.39 (0.22 to 1.89) 1.05 + 0.33 (0.48 to 1.61) 0.46

Verion 1.03 + 0.53 (0.00 to 2.50) 1.04 + 0.45 (0.22 to 1.80) 0.92

Topography 0.85 + 0.46 (0.11 to 1.88) 0.93 £ 0.51 (0.15 to 2.25) 0.47
p 0.03** 0.37

Notes: *Repeated measures ANOVA, Verion results different from Lenstar and Topography. **Repeated measures ANOVA, Verion and Topography results different.
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Table 2 Summary Refractive and Keratometric Data (Statistical Test of Changes from |M to 3M Were Restricted to Eyes with Data at

Both Time Points)

I Month 3 Months p
Refractive astigmatism (D) Manual 0.42 + 0.38 (0.00 to 1.50) 0.22 + 0.31 (0.00 to 1.25) 0.002
Femto 0.31 £ 0.37 (0.00 to 1.50) 0.21 £ 0.33 (0.00 to 1.75) 0.03
p 0.23 0.93
Eyes with < 0.50 D of refractive astigmatism* Manual 26/34 (76%) 34/38 (89%) 0.14
Femto 29/34 (85%) 36/38 (95%) 0.18
p 0.35 0.39
Mean refraction spherical equivalent (D) Manual | 0.00 + 0.38 (—1.00 to +0.75) 0.00 + 0.27 (—0.63 to +0.38) 0.88
Femto | —0.04 + 0.47 (—2.25 to 0.50) | —0.02 + 0.37 (—1.38 t0 0.63) | 0.4l
p 0.64 0.83
Corneal astigmatism from Lenstar (D) Manual 0.89 + 0.53 (0.00 to 2.34) 0.70 + 0.40 (0.00 to 1.59) 0.05
Femto 0.75 £+ 0.41 (0.00 to 2.11) 0.63 £ 0.34 (0.08 to 1.54) 0.09
p 0.23 0.44
Magnitude of vector change (D) in corneal astigmatism (IM Manual 0.65 + 0.40 (0.17 to 1.61)
to 3M), from the Lenstar biometer Femto 0.55 + 0.39 (0.05 to 1.41)
p 0.29
Uncorrected distance visual acuity (logMAR) Manual 0.11 = 0.13 (0.00 to 0.60) 0.08 + 0.10 (0.00 to 0.40) 0.10
Femto 0.10 £ 0.12 (0.00 to 0.60) 0.10 £ 0.12 (0.00 to 0.50) 0.56
p 0.59 0.64
Note: *Compared using the Chi-squared test.
Abbreviations: D, diopter; logMAR, log of the minimum angle of resolution.
the Manual group was also statistically significantly lower incisions by the same authors reached the same

at the 3-month visit relative to the 1 month visit (p = 0.05).

There were two minor non-serious adverse events at
the time of surgery, both in the Manual group. Full-
thickness incisions of the cornea occurred in two eyes of
two different subjects. Both were sutured closed with no
further incident and no long-term effect on visual acuity.
Sutures were removed at least 2 weeks prior to the
I-month visit in both cases.

Discussion

The current study compared visual outcomes between
corneal arcuate incisions made manually with a blade to
those made with a femtosecond laser system, with treat-
ment assigned to contralateral eyes. As noted in the
results, there was no statistically significant difference
between the groups with regard to refractive astigmatism
at 3 months postoperative. There was, however,
a statistically significant reduction in refractive astigma-
tism from 1 month to 3 months in both groups. This
emphasizes the need for a minimum follow-up of 3
months when evaluating corneal arcuate incisions for the

correction of astigmatism. An earlier study of corneal

conclusion.'®

The mean differences in measured preoperative kera-
tometry were relatively small, but statistically significant
in many cases. While some previous studies have noted no
difference between devices measuring anterior keratome-
try and consider them interchangeable,'’ others have
reported good correlation but large limits of agreement,
that should
interchangeably.'>'® The data here supports the latter

suggesting devices not be used
recommendation.

At 3 months postoperative, more than half the eyes in
each group had no refractive astigmatism, while around
90% had <0.50D. These results, for both the Manual and
Femto groups, are better than has been reported in several
recent studies.'*'® In the study by Stanojcic et al, the
authors reported no significant differences between the
results of manual and femtosecond laser incisions, consis-
tent with the findings in the current study.'* This suggests
that the increased locational accuracy and precision of the
femtosecond laser incisions is not a limiting factor — it
may be that preoperative measurement and surgical plan-

ning must be improved before the perceived benefits of
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image-guided laser use are fully realized.'” Dry eye is
a well-recognized factor in limiting the accuracy of pre-
operative diagnostic measurements.'®'?

The mean UDVA of ~0.10 logMAR at 3 months post-
operative was similar to, or slightly better than, previously
reported results.”>®!'* 12 This appears consistent with the
lower amounts of residual refractive astigmatism reported
in the current study and the fact that the mean spherical
equivalent refraction was very close to plano.

There are limitations to the current study. The number
of subjects was relatively low, sufficient to allow between-
group analysis but not to provide reliable subgroup analy-
sis, such as evaluating outcomes by orientation of the
preoperative corneal astigmatism. In addition, arcuate inci-
sion planning was based only on anterior corneal kerato-
metry measurements; research suggests that incorporating
measured or estimated posterior corneal measurement may
be helpful in better correcting total corneal astigmatism.'’
Finally, results were based on older nomograms - the
Donnenfeld and Woodcock nomograms have been in use
for 10+ years and are relatively simple. It is possible that
more recent, advanced nomograms/formulas could further
improve mean results or reduce outcome variability.'>*!

In conclusion, laser arcuate incisions appear to be an
effective means of reducing postoperative refractive astig-
matism at the time of cataract surgery. No significant
clinical differences were observed between incisions
made manually and those made with an image-guided
femto-second laser system. The lower number of minor
adverse events experienced with the femtosecond laser

system is an apparent advantage.
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