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Abstract

Background: To assess the alterations of the cornea thickness following femtosecond laser assisted cataract surgery (FLACS) compared to the manual
phacoemulsification.

Methods: Data of n=42 FLACS (66.2 years) and n=40 manual phacoemulsification (71.3 years) were analysed. The procedures were performed by LenSx Alcon
and Alcon Infiniti Vision System, USA. The laser setting for performing the anterior capsulotomy (diameter 5 mm) was 4.8 uJ and 8.9 pJ for the nucleus. Following
parameters were examined; corneal thickness (Pentacam, Oculus Inc., Germany) at intervals of 0.4 mm to the peripheral 8 mm zone, anterior chamber depth,
intraocular pressure and number of endothelial cells (NIDEK CoLtd, Japan). The analysis was performed preoperatively, directly post femtosecond laser treatment
(within 15 min) and 1 day post-surgery.

Results: A significant difference was not observed in the central and peripheral corneal thickness at any location (p>0.05) in FLACS compared to manual Phaco. As
a trend, the complete FLACS cohort showed an increase in the peripheral corneal thickness between 4-8 mm at 1 day postoperative. The peripheral cornea thickness
was significantly increased in the female FLACS cohort (4-8 mm, p<0.05). Analysing FLACS and manual Phaco considering the AC depth range of 2.5-3.5 mm

could not show significant differences between the two cohorts (p>0.05).

Conclusions: The results of this study suggest that conventional laser energy levels did not have a harmful short-term impact on the cornea.

Abbreviations: FLACS: Femtosecond Laser Assisted Cataract
Surgery, LOCS: Lens Opacities Classification System, IOP: Intraocular
Pressure

Background

Femtosecond laser systems operate at near-infrared (near-IR)
wavelengths ranging from 1030to 1064 nm [1-5]. Accordingly, thelinear
absorption and scattering is relatively low in water and nonpigmented
tissues such as the cornea, aqueous humor, lens, and vitreous. Thus,
the laser light passes through the anterior segment with little effect
until it is focused on the lens [6]. The amount of this little effect is not
exactly known on human tissue. Additionally, Kohnen et al. [7] stated
the importance of different pulse energy levels on the tissue outcome.
Studies relating to femtosecond laser assisted cataract surgery (FLACS)
evaluated the phacoemulsification time, the intraocular lens placement,
the capsule overlap, the circularity of capsulotomy, the centration of
the intraocular lens and the central cornea thickness in order to assess
advances and perioperative complications compared to the standard
cataract surgery [1-5,8]. To date they did not analyse the impact on the
cornea at 0.4mm intervals due to the laser energy [1-3]. We wanted to
assess the clinical impact of the laser energy by the femtosecond laser
across the cornea. We assumed that the laser energy was applied to the
lens on a widespread plane, whereas the ultrasound energy was more
centrally and ideally deep-seated applied during phacoemulsification.
Relating to the manual procedure the cornea, especially the endothelial
cells, were protected by the viscoelastic substance in the anterior
chamber, which partly absorbed the ultrasound energy and reduced
damage of reactive oxygen species [9-13]. In contrast, during the laser
application the endothelial cells were fully exposed to the laser energy
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as the laser beam easily goes through the aqueous humour [6]. Laser
energy can cause damage using three mechanisms: 1. microbubble
formation from vaporization [14], 2. mechanical shock-wave damage
from confined overheating of melanosomes during a single pulse, and
3. cumulative thermal damage from prolonged heating of the RPE and
choroid [15,16].

Highlighting specific characteristics of the cornea, it was known
that the central corneal thickness was directly correlated with
refraction (p=0.028) and inversely with age (p=0.027) [16]. Hashemi
et al. [17] found in a population-based study, that the thinnest point
was usually located inferotemporally and the thickest point superiorly.
The peripheral cornea was significantly thicker than the central cornea
but tapered faster with age [17]. Recent modalities such as Pentacam,
Orbscan, and AC-Master showed a high agreement with few outliers
when comparing cornea thickness and anterior chamber depth values
[18,19]. A single Pentacam scan will be sufficient for most clinical
applications [18]. Following comparative data this method was used in
our study to measure the corneal thickness.

The main goal of this study was to evaluate if there were significant
structural changes in cornea thickness due to back scattered radiation
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in FLACS compared to the manual phaco control.

Methods

Data of 82 eyes (n=82) were included in this prospective study from
May 2015 to November 2015, following the Declaration of Helsinki.
The study cohort was split in two groups: n= 42 FLACS (mean age
66.2 years, 23 male, 19 female) and n= 40 manual Phacoemulsification
(mean age 71.3 years, 15 male, 25 female). Informed written patient
consent was obtained prior to surgery.

For each patient an ophthalmologic examination with medical
history, best-corrected visual acuity, slit lamp examination and
fundoscopy was performed. In this study design the following
characteristics were observed: The corneal thickness (Oculus
Pentacam, Oculus Inc.,Wetzlar, Germany) at 0.4mm intervals in order
of the concentric circles of the Scheimpflug, intraocular pressure, the
anterior chamber depth and the number of endothelial cells (specular
microscope, CEM-530 NIDEK Co. Ltd, Japan).

All data were conducted preoperatively, immediately post
femtosecond laser (within 15 min) and 1 day post-surgery. No patient
drop out was registered. The intraocular lens calculation was provided
by the IOL Master using the SRK/T formula (Zeiss, Meditec AG). The
Pentacam Scheimpflug densitometric method, with the blue light-
scattering intensity of the lens layers numerically graded, was used to
measure the nuclear density in the Lens Opacities Classification System
(LOCS) [20,21].

Inclusion criteria were the nuclear density score LOCS II, no other
surgery <3 months, clear cornea and a systemic disease in a stable
condition (diabetes Hbalc maximum 7%, controlled hypertensive
blood pressure). Exclusion criteria were LOCS I, III, IV, astigmatism
>1 diopter, spherical error >3 diopter, intraocular pressure >22 mmHg,
uncontrolled systemic disease (diabetes, hypertensive blood pressure),
autoimmune disease, uveitis, keratitis, corneal scarring and hazy optic
media. Co-existing eye comorbidities including any kind of topical
therapy prior to surgery and on a regular base were excluded.

One subgroup including the AC depth of 2.5-3.5 mm (n=22 FLACS,
n=25 Phaco control) was analysed. The criterion of this subgroup was
chosen considering the total number of patients included in this study.
Intraocular pressure was measured by the ICare tonometry (Tiolat,
Helsinki, Finland) preoperatively, post femtosecond laser procedure
(within 15 min) and 1 day post-surgery.

Surgery technique

The femtosecond laser procedures were performed using the LenSx
laser (Alcon Laboratories Inc., Fort Worth, TX, USA) under topical
anaesthesia with Conjucain EDO (oxybuprocainhydrochloride, 4.0
mg/ml, Dr. Mann Pharma GmbH, Berlin, Germany) by the same
surgeon (TP). The LenSx laser is a 50 kHz femtosecond infrared laser
with a pulse width of 600-800 femtoseconds, a central laser wavelength
of 1.030 nm and maximum pulse energy of 15 yJ. The laser pulse
energy setting for performing the anterior capsulotomy was 4.8 pJj and
8.9 yJ for the nucleus (Offset up 200 um, down 250 um). The depth
and coordinates of the capsulotomies were determined by the laser
system’s optical coherence tomography (OCT). The diameter of the
capsulotomy was set to 5 mm.

The interface was built as an extended suction skirt and an additional
soft contact lens between the applanation lens and the cornea, which
allowed a decrease of laser pulse energy while maintaining the ability to
perform capsulotomies. After docking was performed, the cornea was
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applanated and suction was activated. After laser treatment, undocking
was performed and the interface with the contact lens was removed.
Phacoemulsification was performed with the Alcon Infiniti Vision
System. The bottle height was set at 110 cm H,O in all surgeries. No
corneal incisions were made by the femtosecond laser during this study.
The clear cornea incisions, manually cut by one surgeon, were closed by
delicate stromal hydration in FLACS and manual phacoemulsification;
the temporal access for intraocular lens implantation was chosen for all
eyes (9 o’clock for the right eye, 3 o’clock for the left eye).

Postoperative treatment just started after the examinations were
conducted 1 day postoperative. The schedule was comprised of a
topical combination of steroids and antibiotics that were reduced over
four weeks following the intervention.

Oculus Pentacam

Oculus Pentacam (Oculus Inc.,Wetzlar, Germany) images were
obtained under pupil dilatation with 1% tropicamide. To reduce
operator-dependent variables, Pentacam’s automatic release mode was
used. In this mode, the instrument automatically determined when
correct focus and alignment with the corneal apex was achieved and
then performed a scan. In less than 2 seconds, the rotating camera
captured up to 50 slit images of the anterior segment [20].

Statistical analysis

Statistical data were calculated using Statistical Package for the
Social Sciences (SPSS, IBM) version 20.0. For randomization, a
software programm (Stata version 11; Stata Corp., College Station, TX)
was used with a 1:1 ratio. After primary assessment of participants,
individuals were allocated to each surgery arm using the sequence of
the randomization table by a third person. Linear regression analysis
and descriptive statistics (mean, standard deviation, 95% limits of
agreement) were processed. A p-value of less than 0.05 indicated a
statistically significant difference. Preoperative and postoperative
values were compared with the dependent sample t-test. Numeric
variables that were not normally distributed, were compared with the
Mann-Whitney U test. To correct for multiple testing results were
adjusted by the Bonferroni-Holm method. The Wilcoxon Test was
used for comparing two related samples or repeated measurements on
a single sample.

Results

Data of n=82 patients were analysed. Distribution of surgery
eyes resulted in following data; 20 left and 22 right eyes in FLACS
and 19 left and 21 right eyes in the manual phaco group. The mean
AC Depth was 2.73 + 0.50 mm in FLACS and 3.07 + 0.84 mm in the
manual phaco cohort preoperatively (p=0.058). A mean reduction
of ultrasound energy by 31.4% was assessed in the FLACS cohort
compared to the phaco control. The mean number of endothelial cells
was preoperatively 2.594/mm? in FLACS and 2.636/mm? in the phaco
control and was reduced to 2.489/mm? and 2.527/mm? in FLACS and
phaco control 1 day postoperative (p>0.05). There was no significant
difference of endothelial cells between both surgical procedures at 1 day
postoperatively (p>0.05). The intraocular pressure was preoperatively
19.5+0.8 mmHgand 18.1 + 1.1 mmHg in the FLACS and phaco control
(p=0.127), 17.1 £ 1.5 mmHg 15 min post femtosecond laser procedure
in the FLACS cohortand 18.9 + 2.1 mmHg in the FLACS and 18.7 £ 2.6
mmHg in the phaco control group at 1 day postoperatively (p=0.145).

Between FLACS and the phaco control there was no significant
difference at all peripheral cornea intervals (p>0.05, Table 1).
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Table 1. P-value of the cornea thickness between the Femtosecond laser assisted cataract
surgery (FLACS) and the manual Phacoemulsification cohort in the complete study
cohort and in one subgroup including the AC depth range of 2.5-3.5 mm according to the
Pentacam concentric rings at 0.4 mm intervals.

Distance from central cornea
according to the Pentacam concentric circlet

ch;(i)nt)aml'lt 0.0 mm 0.4 mm 0.8 mm 1.2 mm 1.6 mm 2.0 mm

p value 0.227 0.2 0.232 0.24 0.245 0.275
2.4 mm 2.8 mm 3.2 mm 3.6 mm 4.0 mm 4.4 mm

p value 0.294 0.312 0.351 0.377 0.421 0.46
4.8 mm 5.2 mm 5.6 mm 6.0 mm 6.4 mm 6.8 mm

p value 0.536 0.576 0.646 0.716 0.777 0.755
7.2 mm 7.6 mm 8.0 mm

p value 0.763 0.732 0.931

;;E;;E::] 0.0 mm 0.4 mm 0.8 mm 1.2 mm 1.6 mm 2.0 mm

p value 0.630 0.600 0.672 0.674 0.695 0.729
2.4 mm 2.8 mm 3.2 mm 3.6 mm 4.0 mm 4.4 mm

p value 0.806 0.854 0.886 0.928 0.967 0.974
4.8 mm 5.2 mm 5.6 mm 6.0 mm 6.4 mm 6.8 mm

p value 0.912 0.918 0.900 0.896 0.905 0.978
7.2 mm 7.6 mm 8.0 mm

p value 0.977 0.982 0.988

In Figure 1-3, the pre-and post-treatment values of the cornea
thickness were graphically presented using the box plot analysis.
Spliting the cohorts in female and male subjects, the peripheral cornea
thickness was significantly increased in the female FLACS cohort (4-8
mm, p<0.05) according to the concentric circles of the Pentacam (Figure
4). There was no significant correlation between male and female in the
complete phaco control (p>0.05, Figure 4). The same results were raised
in both surgical procedures in the cohort considering only individuals
with an AC depth of 2.5-3.5 mm. Additionally, analysing FLACS and
phaco control considering the AC depth range of 2.5-3.5 mm could not
show significant differences between the two cohorts (p>0.05, Figure
5, Table 1).

Discussion

During the femtosecond laser treatment the eye ball is fixed and
the intraocular pressure rises for that short period of time. This IOP
increase could impede or prevent blood flow in the retina and choroid,
which is an important variable affecting the thermal damage threshold
[6]. The reduced cooling by the blood flow could lead to increased
intraocular temperatures [6]. Sun et al. [22] stated, however, that the
cumulative thermal damage did not present a safety hazard on the
anterior eye in porcine cadaver. According to the retinal safety, FLACS
had an additional important factor that arises from plasma absorption
and bubble scattering, which significantly decreased the fraction of
laser power reaching the retina under the laser beam [6].

Can this positive effect of the bubbles relating to the retina harm
the cornea? Will the laser beams be reflected on the bubbles and
thus increase the laser energy in the anterior eye? Chatoux et al. [23]
assessed the coalescent bubbles created by plasma formation and the
results showed that the bubbles always disappeared in less than 24h.
The non-thermal effect of plasma on surrounding tissues was proven
to be innocuous by the transmission electron microscopy result [23].
Experimental in vivo studies, however, were still necessary in order to
define the applications and limits of the cavitation bubbles’ kinetics
and transfer [23]. It is not exactly known where the laser rays vanish,
although comparative studies could not demonstrate a relevant clinical
impact on the anterior segment of the eye and the retina [6,20].
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In line with a recent study by Yagci et al. [24], we could not find
a significant difference in the central and peripheral cornea thickness
at 0.4mm intervals between both study cohorts (p>0.05). In Figure
1, a non-significant difference in the cornea thickness and anterior
chamber depth could be already demonstrated between the two study
cohorts at a preoperative time point (p>0.05). In FLACS we found a
thicker cornea and smaller anterior chamber depth, so we would expect
a higher increase in cornea swelling due to the reduced intraocular
distance of the applied laser energy. However, we could not find this
correlation in our postoperative results. In Figure 1 looking at post
surgery results, there was a trend of a raised central cornea thickness
in the manual phaco cohort, whereas in the FLACS cohort despite the
initial situation (small anterior chamber, thicker cornea) no relevant
increase of the central cornea thickness was assessed, which might be
due to the reduction of ultrasound energy (31.4%).

The data were presenting another trend: The peripheral cornea
thickness (between 4-8 mm) showed an increase in the complete
FLACS cohort compared to the manual phaco procedure (Figure 2).
This region reflects the area of the laser-cut capsulotomy and the most
anterior situated energy level applied during FLACS, thus the results
might be correlated to the laser energy used during the capsulotomy.
Spliting the cohorts in female and male subjects, the peripheral cornea
thickness was significantly increased in the female FLACS cohort (4-8
mm, p<0.05) according to the concentric circles of the Pentacam (Figure
4). However, Niederer et al. [25] found no association between gender
and cell density at the level of the basal epithelium (p=0.549), stroma
(p=0.583) or endothelium (p=0.691), sub-basal nerve fibre density
(p=0.722), central cornea thickness (p=0.448), corneal astigmatism
(p=0.973) or horizontal corneal diameter (p=0.544).

In Figure 3 immediately after the femtosecond laser treatment
before phacoemulsification, we could not detect an increase in the
cornea thickness, especially not centrally located. At 1 day post
surgery, however, the cornea thickness was overall increased. It might
be assumed that the later rise of the cornea thickness was mainly due to
the ultrasound energy, although we are aware of concomitant factors
(suction force, duration of cornea swelling, preoperative values).

Additionally, analysing FLACS and manual phacoemulsification
with a common range of AC depth distribution (2.5-3.5 mm) no
significant differences between the two surgical cohorts could be
assessed (p>0.05, Figure 5, Table 1). Future studies need to assess the
effect of the laser energy, especially during the capsulotomy before
starting the photodisruption process as it was the most anterior
situated energy level. Nagy and Yeoh reported about shock waves and
bubbles appearing from laser pulses [2,26]. One theory was that the
bubbles created by the plasma formation could be used as a mirror
by the laser rays and thus increasing the potential laser energy level
in the anterior part of the eye, also affecting the cornea periphery. We
suggested that the application level of the ultrasound energy (more
deeply towards the nucleus) and the protection of the endothelial cells
due to the viscoelastic leads to a minor clinical impact on the peripheral
cornea thickness during a standard cataract surgery [12]. Takécs et al.
[27] found a significant increase of the central corneal thickness in
the phaco group (607 = 91um) compared to the FLACS group (580
+ 42um) on day 1, but no significance preoperatively and at 1 week
and 1 month. In our study the central cornea thickness did not show
a significant difference between both study cohorts, but as mentioned
above a similar trend. Takdcs et al. [27] stated that the femtosecond
laser assisted cataract surgery caused less corneal swelling in the early
postoperative period and may cause less trauma to corneal endothelial
cells than manual phacoemulsification.
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Figure 1. Box Plot analysis of the pre- and postoperative cornea thickness values in the Femtosecond laser assisted cataract surgery (FLACS) and the manual Phacoemulsification cohort

according to the concentric rings of the Pentacam.
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Figure 2. Box Plot analysis of the Ratio 1 day postoperative/ preoperative related to the
cornea thickness in the Femtosecond laser assisted cataract surgery (FLACS) and the
manual Phacoemulsification cohort according to the concentric rings of the Pentacam.
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Figure 3. Box Plot analysis of the 2 Ratios post Femtosecond laser treatment/preoperative
and 1 day postoperative/ preoperative related to the cornea thickness in the Femtosecond
laser assisted cataract surgery (FLACS) cohort according to the concentric rings of the
Pentacam.
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Considering the endothelial cell count, Kacerovska et al. [28]
reported about an average decrease in the number of endothelial
cells by 1.1% in FLACS at 1 day postoperative in contrast to the
conventional phaco cohort showing a decrease of 3.8%. In our study
cohort we noticed a similar decrease in both surgical procedures; 4.0%
in FLACS and 4.1% in the manual phaco cohort at 1 day after surgery
(p>0.05). Our values agreed with the first week results by Kacerovska et
al. 28] showing a reduction of endothelial cells by 4.5% in FLACS and
6.2% in manual Phaco. The difference between the first day and 1 week
results by Kacerovskd and this cohort might be due to a different study
setting including accuracy of the measuring device, systemic diseases,
LOCS criteria and number of patients. Comparative research reported
a further reduction of the number of endothelial cells by 5.1% in
FLACS and 9.3% in conventional phacoemulsification at 1 month after
surgery. At 1 year after manual phacoemulsification, 8.5% cell loss was
reported by Takacs et al. [27], no data were shown for FLACS at 1 year.

This study was limited by the following factors; the pressure rise
from applanation and the corneal distortion from the application may
cause corneal thickening. Variations in the intraocular pressure may
have also contributed, although the intraocular pressure was controlled
in line with techniques available [29]. Additionally, it is recommended
to interpret the impact of different AC depth cohorts in larger patient
cohorts including a notable statistical power [30]. It was reported that
the Scheimpflug imaging and optic coherence tomography might
underestimate the central cornea thickness in normal eyes compared to
the ultrasound pachymetry, with a trend toward thicker measurements
in acutely oedematous corneas [31]. Although the central cornea
thickness returned to preoperative values at 1 month, the peripheral
cornea remained oedematous, possibly because of a correlation with
the estimated amount of fluid used and the phacoemulsification time
[31]. This impact on the peripheral cornea should be analysed at
different follow up visits in future studies. Additionally, the impact on
the peripheral cornea should be analysed for different grid patterns.
Conrad Hengerer et al. [32] already demonstrated that the use of the
femtosecond laser-assisted system with 350um grid softening led to a
statistically significant lower effective phaco time than the 500um grid.
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Figure 4. Box Plot analysis of the Ratio 1 day postoperative/ preoperative related to the
cornea thickness in female and male subjects of the Femtosecond laser assisted cataract
surgery (FLACS) and Phacoemulsification cohort according to the concentric rings of the
Pentacam.
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Figure 5. Box Plot analysis of the cornea thickness considering the AC depth subgroup
2.5-3.5Smm in the Femtosecond laser assisted cataract surgery (FLACS) and the
Phacoemulsification cohort according to the concentric rings of the Pentacam.

Conclusion

In conclusion, the results of this study suggest that the laser energy
does not have a relevant clinical impact on the cornea at conventional
energy levels. Due to the ultrasound energy reduction there is a trend
of less central cornea swelling in the FLACS cohort despite the initial
situation (small anterior chamber, thicker cornea) compared to the
manual procedure. Future research in laser technology is needed to
exactly determine the pathway of the outgoing laser energy.
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