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ABSTRACT

Introduction: Laser-assisted in situ Keratomileusis (LASIK) is the most commonly performed refractive
surgical procedure. The amount of tissue ablated in LASIK affects the safety and long-term outcome. The
objective of this study was to compare the percent tissue altered (PTA) in topography guided (TG) and
wavefront optimized (WFO) LASIK using Zeiss MEL 80 excimer laser.

Materials and methods: This retrospective observational study was conducted at a tertiary eye center.
Patients with moderate myopia who underwent LASIK between June 2016 and January 2019 were
divided into two groups (Group I: TG LASIK, 69 eyes; Group II: WFO LASIK, 70 eyes). The groups
were compared for preoperative parameters [spherical equivalent (SE), keratometry and pachymetry],
intraoperative parameters [ablation depth (AD), PTA and residual stromal bed thickness (RSBT)] and
postoperative parameters (vision, SE).

Results: Among preoperative parameters, SE and keratometry were similar while thinnest pachymetry
was significantly less in group I. Among the intraoperative parameters, PTA (P < 0.01) and AD (P <0.01)
were significantly less in group [ while RSBT (P = 0.54) was not significantly different. Postoperatively at
6 months, 92.75% (64) eyes in group I and 90% (63) eyes in group II had visual acuity of 6/6 or better (P
=0.57). 98.55% (68) and 97.14% (68) eyes in group I and group II respectively had SE refraction within
+ 0.5 dioptres.

Conclusion: TG LASIK induces less tissue alteration for given refractive error with similar visual
outcome as compared to WFO LASIK which makes TG apparently safer and is the preferred technique
for borderline thin corneas.
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INTRODUCTION

The field of refractive surgery has seen
significant advancement in the past few
decades. Despite a large number of surgical
options, still, the refractive procedure most
commonly performed worldwide is Laser-
assisted in situ keratomileusis (LASIK).(Pillar
et al, 2016) Apart from the conventional LASIK
surgery, various types of LASIK procedures
have been developed that include wavefront
guided (WFG), wavefront optimized (WFO)
and topography guided (TG).(Krueger et al,
2008) All these procedures were additionally
aimed at correcting or reducing the higher
order aberrations, so as to reduce the chances of
glare and halos post-operatively. WFG LASIK
decreases aberrations using the individual
aberration profile while the WFO LASIK is
based on a pre-calculated treatment algorithm to
reduce surgically-induced spherical aberration.
(Schallhorn et al, 2008; El Awady et al, 2011)
However, WFO LASIK does not remove the
pre-existing higher order aberrations.(Tan et
al, 2012) TG LASIK is based on individual
topography of each eye and thereby maintains
the asphericity of cornea which leads to less
higher order aberrations postoperatively.(El
Awady et al, 2011; Stulting et al, 2016)

The safety of any refractive procedure depends
on the postoperative visual outcome and the
rate of complications. One of the most feared
complications of LASIK surgery is post LASIK
ectasia. Percent tissue altered (PTA) is a

significant risk factor along with other variables

like age, residual stromal bed thickness (RSBT)
and ectasia risk score for the development of
post LASIK ectasia.(Santhiago et al, 2016;
Santhiago etal, 2014; Ambrosio etal, 2014) PTA
is calculated as [PTA=(FT+AD)/CCT] where
FT=flap thickness, AD=ablation depth, and
CCT=preoperative central corneal thickness.
PTA 240 is significantly associated with the risk
of ectasia even in eyes with normal preoperative
topography.( Santhiago et al, 2016; Santhiago
et al, 2014; Ambrosio et al, 2014) Therefore,
lesser the PTA, lesser is the risk of ectasia and

more is the safety of the procedure.

Studies have been done to compare the visual
outcome and higher order aberrations following
various types of LASIK procedures.(El Awady
et al, 2011; Jain et al, 2016; Tiwari et al, 2018;
Shetty et al, 2017; Padmanabhan et al, 2008)
However, there are only a few studies that have
compared the amount of tissue ablated following
these procedures. So, here we conducted a study
to compare the percent tissue altered (PTA)
along with postoperative visual outcome in TG
and WFO LASIK.

MATERIALS AND METHODS

This retrospective observational study was
conducted in the refractive department of a
tertiary eye care center in Western India. The
study protocol was ethically approved by the
institutional review board and followed the
declaration of Helsinki. Records of patients who
hadundergone LASIK fromJune 2016 to January

2019 were reviewed. We included patients aged
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18 years or older with stable refraction for at
least a year. Only those patients who had best-
corrected visual acuity (BCVA) of 6/9 or better
and spherical equivalent (SE) between -4.0D
to -6.0D, with/ without astigmatism <1.5D
and who had discontinued soft contact lens for
at least 2 weeks were included. Patients with
any ocular or systemic pathology, pre-existing
ocular surgery, pregnant and lactating females,
patients with thinnest corneal pachymetry <
490 microns, estimated residual stromal bed
thickness (RSBT) < 300 microns or topography
suggestive of any ectatic corneal condition were

excluded from our study.

Detail history and clinical examination data
of the patients were reviewed and noted. Final
subjective correction, keratometry, preoperative
topography and thinnest pachymetry were also
recorded. Review of treatmentreceived was done
with the type of LASIK procedure undergone,
ablation depth, RSBT and PTA. Postoperative
visual acuity and SE after 3 months of the
procedure along with complications, if any,

were also noted.

Patients were grouped on the basis of the type
of LASIK procedure done (group I: TG LASIK;
group II: WFO LASIK). Comparison was done
between the groups in terms of demographic
treatment

profile, preoperative parameters,

profile and postoperative parameters.

Keratometry values were collected from the
Atlas 9000 corneal topography system, a

placido-based topographer (software version
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3.0.0.39. Carl Meditec AG, Jena,

Germany). Pachymetry values were collected

Zeiss

from the Galilei dual Scheimpflug system
(G4, Ziemer Ophthalmic System AG, Port,
Switzerland). Treatment review was done
by CRS master (Custom Refractive Surgery
software, Carl Zeiss Meditec) which exported
the data for MEL 80 excimer laser (Carl Zeiss
Meditec AG, Jena, Germany).

CRS-Master Software

The CRS-Master has a topography supported
customized ablation (TOSCA) system which
takes care of both the lower order aberrations as
well as higher order aberrations by correcting
irregular corneal topographies. The corneal
elevation data as well as wavefront data both
are used to derive the ablation profile. Elevation
dataisused for regularization of the cornea while
wavefront data and manifest refraction are used
for determining the target corneal surface. The
software is able to discriminate that component
of manifest refraction which compensates for
higher order aberrations and considers that
during treatment. In short, the software aims to
regularize cornea and correct refractive error

while inducing fewer higher order aberrations.

Before treatment, the ablation profile was
generated using the CRS-master software.
Informed consent was taken from all the
patients. Moria SA microkeratome (Moria,
Antony, France) was used to create a 90 um
LASIK flap and the treatment was done with
MEL 80 excimer laser.
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Statistical Analysis: The collected data was
entered into the SPSS software (version 20.0,
SPSS Inc. Armonk, NY: IBM corp.). Continuous
data was expressed in terms of Mean + Standard
Deviation. The Shapiro Wilk test for normality
was used to examine continuous variables.
Continuous data included both parametric and
non-parametric data. Independent t-test and
Mann Whitney U-test were used for calculating
P value. P value < 0.05 was considered to be a

statistically significant difference.
RESULTS

There were 69 eyes of 42 patients in the TG
LASIK group (group I) and 70 eyes of 43
patients in the WFO LASIK group (group II).

The mean age of patients in group I was 22.33
+ 2.86 years while in group Il was 22.80 + 3.85
years (P =0.27). There were 23 males (54.76%)
and 19 females (45.24%) in group I and 18
males (41.86%) and 25 females (58.14%) in
group II (P =0.13).

The preoperative and intraoperative parameters
assessed in both the groups are shown in Table
1. Among the preoperative parameters, there
was no significant difference between the two
groups in all except the thinnest pachymetry.
The thinnest pachymetry was significantly less
in group I (P < 0.01).Among the intraoperative
parameters, PTA (P < 0.01) and AD (P < 0.01)
were significantly less in group I while RSBT (P
= (0.54) was not significantly different.

Table 1: Comparison of TG and WFO LASIK group for age, preoperative and

intraoperative parameters.

. Group I (TG LASIK) | Group II (WFO LASIK)
Variables P value
(n=69) (meanzxsd) (n=70) (mean=sd)
Age (in years) 22.33+2.86 22.80+3.85 0.42°
Spherical error -4.80+0.51 D -4.75+0.64 D 0.60?
Cylindrical error -0.73+0.39 D -0.59+0.44 D 0.07°
Spherical equivalent -5.16+£0.48 D -5.04+0.63 D 0.21°
Flat keratometry 43.60+1.26 D 43.39+£1.27 D 0.322
Steep keratometry 44.60+£1.32 D 44.17£1.39 D 0.06
Mean keratometry 44.10+£1.26 D 43.78+1.31 D 0.14
Thinnest pachymetry (in um) 518.06£23.96 548.04+23.32 <0.0001°*
RSBT (in pm) 331.35+24.28 328.96+21.16 0.537°
PTA 33.10+1.99 36.04+2.07 <0.0001°*
AD (in um) 81.47+11.09 107.47+11.24 <0.0001°*

(TG = topography guided; WFO = wavefront optimized; LASIK = laser-assisted in situ keratomileusis; n

= number of patients; RSBT = residual stromal bed thickness; PTA = percent tissue altered; AD = ablation
depth; D = dioptre; *= Student’s t-test; °= Mann-Whitney U-test; “= P<0.05)
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Table 2: Comparison of postoperative visual acuity in TG and WFO LASIK.

Visual acuity Group I (TG LASIK) (n=69) Group II (WFO LASIK) (n=70) | P value for
(Snellen) Number | Cumulative number | Number | Cumulative number | cumulative
of of patients with visual of of patients with visual | number of
patients | acuity equal or better | patients | acuity equal or better patients

6/5 34 34 32 32 0.67

6/6 30 64 (92.75%) 31 63 (90%) 0.57

6/7.5 4 68 (98.55%) 67 (95.71%) 0.32

6/9 1 69 (100%) 2 69 (98.57%) 0.32

6/12 0 1 70 (100%)

(Abbreviations: TG = topography guided; WFO = wavefront optimized; LASIK = laser-assisted in situ

keratomileusis; n = total number of patients)

Table 3: Comparison of postoperative spherical equivalent in TG and WFO LASIK.

) ) ) Group I (TG LASIK) Group II (WFO
Spherlcal.equlvalent (in (n=69) LASIK) (n=70) P value
Dioptre)
Number of patients Number of patients
<-1 0 0
-1t0-0.51 1 (1.45%) 2 (2.86%) 0.57
-0.50 to -0.26 12 (17.39%) 15 (21.43%) 0.55
-0.25 to + 0.25 56 (81.16%) 53 (75.71%) 0.44
0.26 to 0.50 0 0
0.51to 1 0 0

(Abbreviations: TG = topography guided; WFO = wavefront optimized; LASIK = laser-assisted in situ

keratomileusis; n = total number of patients)

Postoperatively at 6 months, 92.75% (64) eyes
in group I and 90% (63) eyes in group II had
visual acuity of 6/6 or better (P = 0.57) while in
total, 98.55% (68) eyes in group I and 95.71%
(67) eyes in group II had visual acuity of 6/9 or
better (Table 2).

81.16% (56) eyes in group I and 75.71% (53)
eyes in group II had SE refraction within
+ 0.25 dioptres (P = 0.44) while 98.55% (68)

and 97.14% (68) eyes in group I and group II
respectively had SE within £0.5 dioptres (Table
3). None of the eyes had any complication till 3
months postoperatively.

DISCUSSION

TG treatment was initially done for irregular
and highly aberrated corneas like in post

keratoplasty cases, post radial keratectomy or
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post LASIK flap complications.(Holland et al,
2013; Pasquali et al, 2012) It was effective with
good predictability in correction of irregular
astigmatism in these cases. Later, the procedure
was extended to normal corneas as well because
of the less higher order aberrations. We aimed
at comparing TG with WFO LASIK in terms of

PTA and postoperative visual outcome.

The two groups were demographically similar in
age and gender profile. Preoperative parameters
like SE and mean keratometry were also similar
in the two groups indicating that the two groups
were comparable and both the groups had
regular cornea. The thinnest pachymetry was
significantly less in group 1. This was because
patients with borderline thinnest pachymetry
were preferably corrected using TG LASIK.

PTA and AD were significantly less in group
I. This implies that less tissue is ablated in
TG compared to WFO LASIK for correction
of a given refractive error. Therefore it can
be interpreted that TG is less tissue hungry
compared to WFO and is better in cases of
borderline thin cornea. Jain et al (2016) have
also found that TG LASIK leads to less tissue
ablation compared to WFO LASIK.

In our study, as discussed above, group I
had significantly less preoperative thinnest
pachymetry compared to group II. Despite that,
RSBT was not significantly different in the two
groups. This can be explained due to the fact
that in TG LASIK, less tissue was ablated and
eventually, the RSBT was similar in the two

groups postoperatively. WFO LASIK treatment

aims to maintain the aspheric profile of cornea
and, in order to do that, an additional amount
of tissue needs to be ablated apart from that
needed to correct the refractive error.(Meyer et
al, 2015) However, in TG treatment, ablation
depends on the individual topography and so
the treatment is customized and overall ablation
depth is less.(El Awady et al, 2011; Stulting et
al, 2016)

The postoperative visual acuity and SE were
statistically similar in the two groups with
TG LASIK showing slightly better outcome
clinically than WFO LASIK (92.75% vs 90%
respectively with visual acuity of 6/6 or better).
Our results are similar to previous studies.(El
Awady et al, 2011; Jain et al, 2016; Tiwari et
al, 2018; Shetty et al, 2017) Though we didn’t
compare the impact on contrast sensitivity and
aberrations in the two procedures, there are other
studies that have done so. El Awady et al (2011)
and Jain et al (2016) concluded in their studies
that topography guided LASIK induced fewer
higher order aberrations as compared to WFO
LASIK. In addition, Jain et al (2016) found
that postoperative contrast sensitivity was also
better with topography guided LASIK. Tiwari et
al (2018) mentioned that there was greater gain
of visual acuity with topography-guided LASIK
compared to WFO LASIK, but they did not find

any difference in higher order aberrations.
CONCLUSION

In this study, we found that TG induces less
tissue alteration for given refractive error with

similar visual outcome as compared to WFO
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LASIK which makes TG apparently safer and outcome and thus better compare the two
the preferred technique for borderline thin  procedures in safety profile.

corneas. Further studies can be done with larger

sample size and longer follow up duration to i
evaluate early as well as long term postoperative
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