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Purpose: To assess the stability, safety, predictability, and efficacy of topography-guided
myopic Femto-LASIK with two different treatment protocols.

Setting: Ebsar Eye center, Benha, Qalyopia, Egypt.

Design: Single-center, retrospective, COHORT control study.

Methods: A total of 330 eyes enrolled in the study in group A and 322 eyes enrolled in
group B underwent uncomplicated primary bilateral topography-guided Femto-LASIK.
Group A was treated with the subjective clinical refraction; however, group B was treated
with the modified refraction according to ALCON protocol.

Results: The mean preoperative refractive spherical equivalent (MRSE) was —4.85+1.90D
and —5.0+1.93D in group A and B, respectively (P = 0.86), and a cylinder of —0.95+0.80 D
and —0.92+0.81D, respectively. At the 12 months’ postoperatively, the residual manifest SE
within + 0.5D was achieved by 82.86% of eyes in group A compared to 83.93% in group B.
Of eyes, 92.06% had <0.5 astigmatism dioptre, while 100% of eyes had <1.0 astigmatism
dioptre in group A (315 eyes); however, 91.80% of eyes had <0.5 astigmatism dioptre, while
100% of eyes had <1.0 astigmatism dioptre in group B.

Conclusion: Topographic modification of the magnitude and axis of astigmatism treated
using ALCON protocol when different from the clinical refraction may offer good refractive
outcomes when we apply the Alcon precalculation considerations.

Keywords: Femto-LASIK, topo-guided LASIK, kerato-refractive, LASER vision
correction, modified refraction, measured astigmatism, Contoura calculator, Contoura
LASIK

Introduction

Laser-assisted in situ keratomileuses (LASIK) has been established over the past 20
years as a safe and efficient surgery practiced worldwide.'” Femtosecond laser-
assisted LASIK (Femto-LASIK) has become a familiarized transformation over the
last 10 years over the standard LASIK technique.”* LASIK procedure using the
excimer lasers to correct refractive inaccuracy has been improving as well, with
most excimer laser machines currently using flying spot technology of very high
repetition rates and advanced tracking systems to track intra-operatively the pupil
and some even to provide iris registration for cyclorotation modulation.’”’
Aspherical ablation profiles have been used with some excimer laser machines to
reduce spherical aberration associated with laser vision corrections, so some LASIK
operations are performed nowadays as optimize aspheric treatments.® ' Since most
of the ocular aberrations come from the cornea, the topography-guided treatments
(T-CAT) have been used as a method of customization to correct corneal
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irregularities that affect clear vision.''"!?

Topography-
guided Femto-LASIK refractive outcomes have been
improved both refractive visual outcomes and high-order
aberrations.''*"'> The manifest refraction has been used
in many excimer laser vision correction protocols. Thus,
the modification of the clinical refraction with topographic
data: T-CAT modified refraction was prescribed by some
investigators for better treatment of astigmatism.'® The
United States Food and Drug Administration approved
the WaveLight® Contoura topographic-guided ablation
(Contoura) (WaveLight, Erlangen, Germany), ophthalmol-
ogists now can choose between the excimer laser treatment
using the clinical refraction or the Contoura modified
refraction for T-CAT laser correction. The Contoura mod-
ified refraction is resulted from the systematic analysis of
the anterior surface of the cornea with a WaveLight®
algorithm and sometimes it is different from the clinical
refraction that may result in a refractive mystery for
ophthalmologists. This ambiguity is alleviated by Alcon
clinical crew who are teaching the refractive surgeons how
to use measured Contoura correction with the LYRA
(Layer Yolked Reduction of Astigmatism) or ALCON
Protocol (Contoura training cards).!”'®

This study aims to compare the refractive and visual
outcomes when using the ALCON protocol'® to the stan-
dard manifest refraction in myopic Femto-LASIK.

Patients and Methods

This is a single-center, retrospective, cohort control study.
The study was conducted in Ebsar eye center (Benha city,
Egypt) on myopic patients who are scheduled for T-CAT
Femto-LASIK procedure, between February and April
2019.

330 eyes enrolled in the study in group A and 322 eyes
enrolled in group B, subjected to primary bilateral topo-
graphy-guided Femto-LASIK by the same surgeons (SMA
& MAE) on the same refractive surgery machines
(VisuMax® femtosecond laser, Carl Zeiss Meditec, Jena,
German'® and WaveLight EX500 Excimer laser, Alcon
Laboratories, Inc.?’). The relative eye number per each
surgeon remained constant during the study. The flap
thickness was 100 pm, and the diameter was 7.9 mm.
The treatment protocol used for group A was the subjec-
tive manifest refraction, but for group B the treatment was
the ALCON protocol'® of refraction modification.

A full and thorough ophthalmologic examination was
carried out before surgery including the assessment of
cycloplegic and clinical (manifest) refraction, uncorrected

distance visual acuity (UDVA), best-corrected distance
visual acuity (CDVA), intraocular pressure, pupil size,
corneal tomography (Pentacam Oculus), corneal topogra-
phy (Topolyzer VARIO) and posterior segment examina-
tion. During postoperative follow-up visits, the patients
were assessed for CDVA and UDVA and expressed in
LogMAR visual acuity, refraction, and corneal tomogra-
phy. The study protocol had followed and was adhered to
the belief and principles of the statement of Helsinki and
was confirmed by the Benha University Faculty of
Medicine Research FEthical Committee that it meets
national and international guidelines for research on
humans. Informed consent and permission to use their
data were acquired from each patient before surgery.

The inclusion criteria were spherical equivalent up to
—9.0 D, age from 21 years to 50 years, refraction stability
for at least one year, rigid contact lenses not used for 3
weeks, and soft ones not used for one week before the
operation, the minimum permitted corneal pachymetry
was 500 um, and a minimum residual stromal thickness
of 300 um.

The exclusion criteria were presence of eye diseases
such as keratitis, iritis, glaucoma, dry eye, autoimmune
diseases, and thyrotoxicosis. Females who were breast-
feeding or pregnant, and any patient with clinical sphere
only (no clinical cylinder) or cases that had intraoperative
complications.

During measurement acquisition, at least four to eight
corneal topography images were taken on undilated pupils
with the WaveLight Topolyzer VARIO machine (Alcon
Laboratories, Inc.). The accepted images were exported
to the T-CAT software of the Allegretto EX500 machine.
The T-CAT measured anterior corneal astigmatism (ACA)
is calculated from the Zernike polynomials C3 (oblique
astigmatism) and C5 (vertical astigmatism) and then con-
verted to the astigmatism magnitude in diopters and axis.”’

T-CAT Surgical Planning

In group A: The clinical refraction sphere and astigmatism
power and axis were entered into the modified refraction
cells of the allegretto EX500 software to be treated as
T-CAT Femto-LASIK.

In group B: the clinical refraction sphere and astigma-
tism power and axis were modified according to ALCON
protocol'® (the Contoura training card), and then entered
into the modified refraction cells of the allegretto EX500
software to be treated as T-CAT Femto-LASIK (Contoura
Femto-LASIK). Precalculation considerations'® which is;
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consider recommending wavefront-optimized™ Ablation
to your patient if any of the following conditions apply:

1. A difference of >1.25 D between the refraction
cylinder and the measured cylinder.

2. A difference of >5° between the refraction axis and
measured axis if the refraction cylinder >2.00 D.

3. A difference of >10° between the refraction axis and
measured axis if the refraction cylinder <2.00 D.

Artificial intelligence (Al); is outlined as “hardware or com-
puter code that exhibits behaviour that seems intelligent”.**
of this

Abdelmonem Hamed has developed some artificial intelli-

The coauthor research article professor
gence (Excel sheet) calculator, which was named Contoura

calculator (Beta version). The Contoura calculator
(Supplement 1) facilitates calculating the modified refraction
according to Alcon protocol'® and prevents human errors
throughout the manual calculation as well. Furthermore,
this Contoura calculator is going to be uploaded with this
research article to be downloaded and evaluated by ophthal-
mologists. An illustrating attachment (Supplement 2) and

illustrating movie (Supplementary Video S1) for the

Contoura calculator are going to be attached as well.

Statistical Analysis

The outcomes were analyzed. Data from the 12-month

visit were used for analysis. Unpaired Student’s #-test

was used to calculate the statistical significance.
Microsoft 2010 (Microsoft

Corporation, Redmond, WA) was used for statistical analy-

Excel master sheet

sis. A P-value lesser than 0.05 was statistically significant.

Results

This study included 330 eyes in group A and 322 eyes in
group B. The mean age of the patients in group A was
38.84+8.35 years, with a range of 2248 years, however in

group B was 39.48+9.36 years, with a range of 21-49
years. The mean preoperative refractive spherical equiva-
lent (MRSE) was —4.85+1.90 D and —5.0+1.93D in group
A and B, respectively (P = 0.86), and a cylinder of —0.95
+0.80 D and —0.91+0.81 D, respectively (P = 0.85).
Table 1 shows the biodata data for the study population
(groups A & B).

Uncorrected Distant Visual Acuity
(UDVA) Outcomes and Stability

At the 12 months’ postoperative visit, 97% and 71% of the
eyes demonstrated a UDVA of 20/20 and 20/16 or better,
respectively, in group A [Figure 1A]. Whereas in group B,
98% and 70% of the eyes presented with a UDVA of 20/20
and 20/16 or better, respectively (P = 0.92) [Figure 1B].

Safety

The gain or loss of corrected distance visual acuity
(CDVA) at 12 months’ follow-up indicated that 24.76%
of the eyes in group A versus 20.66% in group B gained
one line (P=0.07), and 2.86% of the eyes in group A versus
3.27% in group B gained 2 lines (P=0.08). While 63.81%
in group A showed no change in CDVA while 72.78% in
group B showed no change in CDVA, and 8.57% in group
A showed a loss of 1 line of CDVA while 3.28% in group
B showed a loss of 1 line of CDVA. [Figure 2A and B].

Predictability

Attempted versus achieved spherical equivalent rectifica-
tion Figure 3A and B shows the scatter plot analysis
comparing attempted and achieved spherical equivalent
rectification in group A and group B, respectively. The
degree of definition between the attempted and achieved
MRSE was comparable between group A (R2 = 0.97) and
group B (R2 = 0.97) groups (P = 0.80). The higher R2
value which equals 0.97 on the attempted versus the

Table | Preoperative Demographic and Refractive Characteristics of the Included Patients

Parameters Group A

Group B

No. of eyes 330 (165 Patients)

322 (160 Patients)

Age, Y (range)

Gender ratio

Attempted SEQ (range)
Attempted cylinder (range)
CDVA

Follow-up

38.84+8.35 (22 to 48)

45.45% F/54.55% M

—4.85 + 1.90 (—1.38 to —9.0 D)
—0.95 + 0.80 D (0.00 to —2.75 D)
76% 220/16; 100% =20/20

12 months

39.4819.36 (21 to 49)

51.55% F/48.45% M

—5.0 £ 1.93 (-1.38 to —8.75 D)
—0.91 £ 0.81 D (0.00 to —2.75 D)
73% 220/16; 100% =20/20

12 months

Abbreviations: SEQ, spherical equivalent refraction;

CDVA, corrected distance visual acuity; D, diopters.
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Figure 3 Attempted versus achieved spherical equivalent refraction: (A) group A and (B) group B.

achieved spherical equivalent scatter plot in group A and
group B suggests that both groups led to a predictable

outcome.

The accuracy and predictability of the residual mani-
fest SE within + 0.5D was 82.86% of eyes in group A, and
83.93% in group B (P = 0.10, Figure 4A and B).

Attempted SEQ (D)
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Figure 4 Postoperative spherical equivalent refractive accuracy in dioptres: (A) group A and (B) group B.

Stability

Figure 5A and B shows the long-term stability in both
groups between three and 12 months. Only 7.93% and
8.20% had a change greater than 0.5 D in groups A and
B, respectively (P= 0.8). However, the spherical equivalent
had insignificant change from —0.23 £ 0.41 D at 3rd month
to —0.26 + 0.33 D at 12th month in group A and from
—0.26 + 0.40 D at 3rd month to —0.25 + 0.33 D at 12th
month in group B (P-value: 0.62).

Astigmatism Analysis

Figure 6A and B show refractive astigmatism at 12 months
postoperatively were 92.06% of eyes were <0.5 astigmatism
dioptre, while 100% of eyes were <1.0 astigmatism dioptre in
group A (315 eyes); however, 91.80% of eyes were <0.5
astigmatism dioptre, while 100% of eyes were <1.0 astigma-
tism dioptre in group B (305 eyes) (P-value: 0.72).

Figure 7A and B; show the vector analysis results at 12
months postoperatively, the arithmetic mean was 1.3+12.38
in group A, and 1.4+11.4 in group B; however, the absolute
mean was 8.4+10.16 in group A, and 7.8+11.18 in group B.
The percentage of refractive astigmatism angle error <—15°
was 6.03% in group A, and 8.52% in group B; however, the
percentage of refractive astigmatism angle error > —15° was
7.62% in group A and 6.23% in group B. The mean of the
target induced astigmatism (TIA) was 0.95+0.80, and the
surgically induced astigmatism (SIA) was 0.77+88 in group
A, and TIA was 0.91+0.81, and SIA was 0.74+0.88 in group
B (P =0.6).

Discussion
The combined VisuMax® femtosecond laser, Carl Zeiss

Meditec, Jena, Germany'’ and WaveLight EX500

0

Excimer laser, Alcon Laboratories, Inc.?’ excimer laser,

315 eyes
12 months postop

% changed > 0.50 D
3-12mo =7.93%

Mean + SD Spherical Equivalent Refraction (D) >

Time After Surgery (Months)

Figure 5 Stability of spherical equivalent refraction: (A) group A and (B) group B.

305 eyes
12 months postop

% changed > 0.50 D
3-12mo = 8.20%

(v y)

Mean + SD Spherical Equivalent Refraction (D)
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Figure 7 Postoperative refractive astigmatism angle of error: (A) group A and (B) group B.

and some topography and tomography instruments were
used clinically.?!

Clinical outcomes of previous WaveLight excimer laser
machines have been studied by previous investigators.'

The EX500 laser employs a 1050 Hz multidimensional
active tracker with an estimated response time of 2 ms,
able to track pupil size from 1.5 mm to 8 mm.>

The Allegretto EX500 excimer laser machine shows
the capability to import the topographic data from the
Vario-WaveLight® to the treatment mode, and then custo-
mize the excimer laser treatment to each patient’s cornea
(T-CAT treatment).'?

applications of T-CAT treatments in irregular and virgin
24-26

Previous studies have reported the

eyes with these Allegretto excimer laser machines.

Clinical and anterior corneal astigmatism rarely match
in power and axis. The ocular residual astigmatism (ORA)
after refractive surgery means the difference between ante-
rior corneal and clinical astigmatism.”’” ORA represents a

refractive problem that needs more research. It has an
important surgical problem which is; to what astigmatism
power and axis to treat by topography-guided treatment to
get rid of the ORA after surgery. T-CAT treatments pre-
cisely capture the measured anterior corneal astigmatism
power and axis and it combines that data into the treatment
profile, resulting in a smoother cornea. Many trials have
been done to replace the conventional strategies for treat-
ing clinical astigmatism.”®*° Both treatment protocols,
either manifest refractive or measured ACA, accomplished
superb efficacy, accuracy, and safety, with a small benefit
in eyes treated on the clinical astigmatism protocol.”
The 12 months clinical results show magnificent
refractive outcome, predictability, and stability with both
treatment protocols. The modification of the manifest
refraction according to Alcon protocol'® led to superior
visual function especially with UDVA, CDVA, and sphe-

rical equivalent. The only detected defect in ALCON
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protocol'® was it does not consider what the refractive

surgeon can do if there is no clinical cylinder and the

measured one has a magnitude and axis. This point needs

detailed research to advise the surgeons what to do in such

cases (either the surgeon enters the clinical sphere with

T-CAT or optimize treatment or the surgeon enters the

measured cylinder according to Alcon protocol with

T-CAT treatment). The mystery of treating on clinical

astigmatism versus measured ACA in eyes with significant

ORA was previously studied by investigators to ameliorate

refractive surgical outcomes.

30-32

Conclusion
Topographic modification of the magnitude and axis of

astigmatism treated using ALCON protocol when different

from the clinical refraction may offer comparable out-

comes in topography-guided myopic Femto-LASIK using

clinical refraction protocol if we applied the Alcon pre-

calculation considerations.'® These feedbacks may alter

the current clinical paradigm of using subjective refraction

used in excimer laser machines for vision correction.

However, more detailed research studies are required to
evaluate the ALCON T-CAT protocol.
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