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Background To analyze the clinical outcomes after topography-guided femtosecond laser-assisted laser in situ
keratomileusis (FS-LASIK) with Phorcides Analytic Engine (PAE) algorithm or Custom-Q FS-LASIK for myopia with non-

Methods In this retrospective study, a total of 90 eyes with myopia without manifest astigmatism (82 patients) were
included. All surgeries were performed by topography-guided FS-LASIK planned with a PAE algorithm (42 eyes)
or Custom-Q system (48 eyes). Refractive, visual outcomes and corneal aberrations were compared between the two

Results At 6 months postoperatively, the postoperative uncorrected distance visual acuity (UDVA) was 20/20

or better in 42 eyes (100%) in the PAE compared with 44 eyes (92%) in Custom-Q (P=.120). The postoperative UDVA
of 20/16 or better was measured in 92% of eyes in the PAE group and 81% of eyes in the Custom Q group (P=.320).
Postoperative corrected distance visual acuity, manifest refractive spherical equivalent and refractive astigmatism
were similar between the two groups (P>.05). The postoperative optical path difference (OPD) and Strehl ratio (SR)
were significantly better in the PAE group compared with the Custom Q group.

Conclusions Topography-guided FS-LASIK with PAE algorithm or Custom Q demonstrated similar refractive efficacy
and predictability. PAE for the patients with zero manifest astigmatism demonstrated better results in correcting

Keywords FS-LASIK, Topography-guided, Nonastigmatic eyes

Background

With the prevalence of refractive surgery is increasing,
femtosecond laser—assisted laser in situ keratomileusis
(FS-LASIK) has been the preferred refractive surgery for
correction of myopia and astigmatism [1]. Treatment of
astigmatism in excimer laser ablation vision correction
procedures is commonly done by two strategies: ocular

*Correspondence:

Yueguo Chen

chenyueguo@263.net

! Department of Ophthalmology, Peking University Third Hospital,
Beijing Key Laboratory of Restoration of Damaged Ocular Nerve,
Peking University Third Hospital, 49 North Garden Rd, Haidian District,
Beijing 100191, China

B BMC

refraction of the eye or the shape of the cornea [2]. Wave-
front optimized ablation (WFO) treats the refractive
astigmatism based on the manifest refraction with an
additional ablation in the periphery to correct the posi-
tive spherical aberration [3, 4]. Custom-Q ablation algo-
rithm is also based on the manifest refraction which can
establish a target asphericity [4, 5]. Besides, topography-
guided customized ablation treatment (TCAT) was origi-
nally developed as a method to regularize the uniform
corneal surface and neutralize corneal irregularities [6,
7]. The two strategies rarely coincide in magnitude or axis
[8]. This difference can be precisely described by ocu-
lar residual astigmatism (ORA), relevant to the corneal
irregularity, lenticular astigmatism, and other nonopti-
cal perceptive factors [2, 9-12]. The Phorcides Analytic
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Engine (PAE) algorithm combines the anterior corneal
astigmatism, topographic irregularities, posterior corneal
astigmatism and lenticular astigmatism when determin-
ing the optimal treatment of an eye with topography-
guided FS-LASIK, which have been shown to be effective
[13-16].

The aim of our study was to present the outcomes of
topography-guided FS-LASIK for correcting myopia in
patients planned by PAE. Previously, we compared the
clinical outcomes in FS-LASIK planned with the PAE
when the ORA was great or not [16]. Our attention was
drawn to a specific patient cohort: those with myopia but
no astigmatism. These individuals exhibited exceptional
preoperative visual acuity, higher ORA, and responsive
postoperative indicators. Thus, for this study, to simplify
the astigmatism vector analysis, amplify the effects of
PAE, and reduce interference factors, we retrospectively
included patients with zero manifest astigmatism.

Moreover, we enrolled the Custom-Q cohort as a ref-
erence to facilitate comparison of visual outcomes. Our
primary focus was on evaluating the outcomes and accu-
racy of the PAE algorithm in topography-guided FS-
LASIK, rather than solely emphasizing the discrepancies
in the effectiveness between the two ablation profiles. To
the best of our knowledge, no previous studies have been
conducted on patients without manifest astigmatism. In
this study, we present the results based on the safety, effi-
cacy, and accuracy of FS-LASIK at the 6-month follow-
up in each group.

Patients and methods

Patients

In this retrospective study, 90 eyes with manifest myopia
but without astigmatism that required refractive cor-
rection at Peking University Third Hospital from Janu-
ary 2018 to September 2022 were analyzed. All patients
were sufficiently informed consent of the two algorithms,
and the selection of the surgical approach was non-ran-
domized based on preoperative examination and patient
preference. Patients meeting the inclusion criteria were
consecutively enrolled. The study received approval from
the ethics committee of our institute(# KYC2023-363)
and was conducted in accordance with the tenets of the
Declaration of Helsinki. A written informed consent
was obtained from each patient prior to the surgical
procedure.

The inclusion criteria were age between 18 and
49 years, medically suitable for LASIK, having zero mani-
fest astigmatism in noncycloplegic refraction and only
myopia with corrected distance visual acuity (CDVA) no
worse than 20/25, with a documented refractive stability
for a minimum period of 1 year and discontinuation of
soft contact lenses for at least 2 weeks. Exclusion criteria
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were: anisometropia greater than 1.50 D in the spheri-
cal equivalent, corneal thickness of less than 500 um or
predictive postoperative residual stromal bed less than
280 pum, topographic and/or tomographic evidence of
corneal ectasia, previous ocular surgery, history of her-
petic eye disease, corneal scarring, collagen vascular dis-
ease, pregnancy, and lactation.

Preoperative examinations

Preoperative evaluation included UDVA and CDVA,
manifest cycloplegic and noncycloplegic refraction, slit-
lamp biomicroscopy, dilated fundus evaluation, corneal
thickness, combined corneal topography and tomogra-
phy (Sirius; CSO, Florence, Italy), and corneal topography
(Fig. 1, Vario Topolyzer, WaveLight; Alcon Laboratories,
Inc., Fort Worth, TX). The total corneal aberrations and
optic quality in a 6-mm zone were obtained from com-
bined corneal topography and tomography. Parameters
of corneal aberrations and optical quality included opti-
cal path difference (OPD); root mean square (RMS) of
higher order aberrations (HOAs), corneal astigmatism,
spherical aberration (SA), coma and Strehl ratio (SR).
Corneal cylinder data was obtained from the Vario
Topolyzer Placido-based topography.

Surgical procedures

All surgeries were performed by an experienced refrac-
tive surgeon (YC) under topical anesthesia. All flaps
were created by the WaveLight FS200 femtosecond laser
(Alcon Laboratories, Inc). The flap/canal/hinge param-
eters were: flap thickness of 110 pum; flap diameter of 8.5
to 9 mm; side-cut angle of 100°; hinge angle of 50°; and
canal width of 1.5 mm. Following blunt dissection and
flap lifting, the stromal bed was ablated with an excimer
laser (EX500 WaveLight) using an optical zone of 6.5 mm
with a 1.25-mm transition zone.

The software of PAE was offered by Dr. Mark Lobanoff.
In the calculate table, after carefully checking and amend-
ing the transferred data, we input anterior and posterior
corneal negative cylinder (power and axis) of 5 mm zone
from Sirius combined topography and tomography [16].
Then, PAE uses geographic imaging software (GIS) to
analyze the corneal topographic treatment image pro-
duced by the Contoura® Vision planning laptop. Each
talus radius is measured, and its refractive effect is ana-
lyzed (Fig. 2). The refraction data (sphere, cylinder, and
axis) used for all the PAE cases followed the calculated
recommended results with PAE (Fig. 3).

The physiological Q-value provided preoperatively
by the Topolyzer was taken as reference. The postop-
erative Q-target was programmed to be equal to the
preoperative physiological Q. The ablation profile was
centered on an estimated visual axis determined by the
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Fig. 2 The PAE uses geographic imaging software to analyze the corneal topographic treatment image. The talus from Fig. 2 is corresponding

to the irregularities image from Fig. 1, and its refractive effect is analyzed

topographer (taking 75% of the pupil toward the cor-
neal vertex [offset value]), which closely approximates
the visual axis.

Infrared images of the iris were captured with the
Topolyzer Vario topographer to control static and
dynamic cyclotorsion during surgery. Patients were
requested to focus on a pulsing green fixation light
throughout the ablation. All treatments were centered
on the pupil and all surgeries were programmed for

emmetropia using the treatment nomogram provided
by the manufacturer.

Postoperative care and follow-up

Postoperatively, all eyes received treatment with 0.1%
fluorometholone (FML; Allergan pharmaceuticals, Dub-
lin, Ireland) in tapering dose for 4 weeks, 0.5% levo-
floxacin (Cravit; Santen Pharmaceutical (China) Co.
Ltd., Jiangsu, China) four times a day for 2 weeks, and
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Fig. 3 The PAE determines the lower-order astigmatic vector created by all sources (anterior cornea, posterior cornea and lenticular) and uses
vector addition to calculate the final astigmatic vector. The figure (marked in red box) showing a manifest astigmatism is zero, but the anterior

corneal cylinder and modified cylinder are not

lubricating drops four times a day for at least 4 weeks.
The follow-up visits data had been obtained for stability
at least 6 months. The follow-up examinations involved
measurements of UDVA, slit-lamp examination, mani-
fest refraction, CDVA, and combined corneal topography
and tomography.

Statistical analysis

The Shapiro—Wilk test was used for confirming nor-
mality of data. Results were expressed as mean +SD
(range); normally distributed data were analyzed using
t test between the two groups and the non-normally
distributed data were analyzed using Wilcoxon signed-
rank test preoperatively. The linear mixed model was
applied considering the relevance between eyes in
individual patients post operatively. The paired t-test
was used to assess differences between preopera-
tive and postoperative parameters under the assump-
tion of normality, and Wilcoxon signed-rank test was
used in case the data were not normally distributed.

Comparison of the percentage of eyes between the
preoperative and the postoperative used the chi-square
test and Fisher exact test. Linear regression analyses
were performed to compare achieved vs attempted
outcomes. In corneal vector analysis, the keratometric
refractive index (1.3375) was used. Data were analyzed
using SPSS software (version 25.0; SPSS, Inc., Chicago,
IL). A P value of less than 0.05 was considered statisti-
cally significant.

The results were based on the standard for reporting
astigmatism outcomes of refractive surgery [17].

Results

This study included 90 eyes of 82 patients, among them
67 were women and 15 were men. Table 1 contained
the two groups preoperative parameters. They were
reasonably matched in Age, UDVA, sphere and CDVA.
No significant differences were observed between the
two groups.
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Table 1 Comparison of preoperative parameters

Parameter PAE (n=42) Custom-Q (n=48) P
Age,y 2948+6.53 (19,49) 29.85+6.95 (1845) 0.740
UDVA (log MAR) 1.15£0.23 (0.70,1.70) 1.12+0.26 (0.52,1.70) 0.560
Manifest Sphere(D) -5.74+1.44 (-8.25,-3.25) -5.92+1.58 (-9.50,-2.50) 0.569
Manifest Cylinder(D) 0 0 -

CDVA (log MAR) -0.06£0.03 (-0.08, 0.05) -0.05+0.04 (-0.15,0.05) 0438
Corneal Cylinder -0.87+0.29 (-1.60,-0.19) -0.79+0.38 (-2.09,-0.25) 0.064
ORA(D) -0.87+0.29 (-1.60,-0.19) -0.79+0.38 (-2.09, -0.25) 0.064
Modified Sphere(D) -542+1.23(-748,-3.18) -5.65+1.43(-8.50,-2.50) 0432
Modified Cylinder(D) -0.27+0.11 (-0.58, -0.06) 0 <0.001"

Results are expressed as mean +SD (range) *Statistically significant

Custom-QThe refraction data planned with Q-factor customized corneal ablation treatment, PAE The refraction data planned with Phorcides Analytic Engine algorithm
system, UDVA uncorrected distance visual acuity, logMAR logarithm of the minimum angle of resolution, D diopters, CDVA corrected distance visual acuity, ORA ocular

residual astigmatism

Table 2 Comparison of refractive outcomes at 6 months
postoperatively

Parameter PAE (n=42) Custom-Q(n=48) P
UDVA (log MAR) -0.07+£0.03(-0.18,0) -0.07+0.04 0.903
(-0.18,0.10)

Manifest Sphere(D)  0.12+0.33 (-0.50, 0.02+0.25 (-0.50, 0.120
1.25) 0.75)

Manifest Cylinder(D) -0.16+0.20 (-0.50,0) -0.15+0.21(-0.75,0) 0.734

MRSE(D) 0.04+0.29 -0.05+0.28 0.137
(-0.50,1.00) (-0.50,0.75)

CDVA (log MAR) -0.09+0.04 (-0.18, -0.09+0.04 (-0.18,0) 0.821
-0.04)

TIA 0 0 -

SIA 0.16£0.20(0,0.50)  0.15£0.21(0,0.75)  0.734

DV -0.16+0.20 (-0.50,0) -0.15+0.21 (-0.75,0) 0.734

Cl - - -

Results are expressed as mean = SD (range)

Custom-Q The refraction data planned with Q-factor customized corneal
ablation treatment, PAE The refraction data planned with Phorcides Analytic
Engine algorithm system, UDVA uncorrected distance visual acuity, logMAR
logarithm of the minimum angle of resolution, D diopters, MRSE manifest
refractive spherical equivalent, CDVA corrected distance visual acuity, ORA ocular
residual astigmatism

Visual acuity, efficacy, and safety

The mean logMAR UDVA improved significantly
6 months postoperatively in both groups (P<0.001)
(Tables 1 and 2). No significant differences were observed
in postoperative UDVA, Sphere, Cylinder, MRSE, CDVA
between the two groups.

Figure 4A showed the distribution of monocular
postoperative UDVA and preoperative CDVA. The pre-
operative CDVA was 20/20 or better in 41 eyes (98%)
in the PAE compared with 47 eyes (98%) in Custom-
Q, with no statistical significance (P>0.99). The post-
operative UDVA was 20/20 or better in 42 eyes (100%)

in the PAE compared with 44 eyes (92%) in Custom-Q,
with no statistical significance (P=0.120). The preop-
erative CDVA was 20/16 or better in 37 eyes (88%) in
the PAE compared with 43 eyes (90%) in Custom-Q,
with no statistical significance (P=0.823). The postop-
erative UDVA was 20/16 or better in 39 eyes (92%) and
39 eyes (81%) in the PAE and Custom-Q, respectively
(P=0.320).

Figure 4B showed the differences between preopera-
tive CDVA and postoperative UDVA. At the 6-month
follow-up, 3 eyes (7%) in the PAE (B1) and 6 eyes (13%)
in the Custom-Q (B2) achieved 1 or more Snellen lines
of UDVA compared with the preoperative CDVA. No
significant differences were observed between the two
groups (P=0.157).

Figure 4C showed the changes in monocular CDVA.
11 eyes (26%) in the PAE (C1) and 13 eyes (27%) in
the Custom-Q (C2) achieved 1 or more Snellen lines
of postoperative CDVA compared with the preopera-
tive CDVA. No significant differences were observed
between the two groups (P=0.828).

Accuracy
Figure 4D showed the relationship between the
attempted and achieved SE. (coefficient of determination
R2=0.997 in the PAE and R2=0.998 in the Custom-Q).

Figure 4E showed the accuracy of SE to the intended
target. At the 6-month follow-up, 23 eyes (55%) in the
PAE and 25 eyes (52%) in the Custom-Q achieved an SE
between -0.13 D and+0.13 D, respectively. No signifi-
cant differences were observed between the two groups
(P=0.969).

Figure 4F showed the distribution of monocular pre-
operative & postoperative astigmatism. 33 eyes (79%)
in the PAE and 41 eyes (85%) in Custom-Q achieved a
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Fig. 4 Visual outcomes after PAE and Custom-Q FS-LASIK. A
Cumulative 6-month postoperative UDVA and preoperative CDVA.
Changes in the Snellen lines of postoperative UDVA (B) and CDVA
(C), compared with preoperative CDVA. D The relationship

between the attempted and achieved spherical equivalent (SEQ). E
The accuracy of the SEQ compared with the intended target. F The
comparative distribution of preoperative and 6-month postoperative
astigmatism

postoperative refractive astigmatism of 0.25 D or less. No
significant differences were observed between the two
groups (P=0.176).

Higher-order aberrations

Table 3 demonstrated the changes in corneal aberrations
and Strehl ratio (SR) in 6-mm optical zone in two groups.
No significant differences were observed between the
two groups preoperatively (P=0.122; P=0.783; P=0.075;
P=0.577; P=0.743; P=0.249). At postoperative
6 months, there were statistically significant differences
in OPD (P=0.044) and SR (P=0.027).

The bottom row demonstrates the delta values between
postoperatively and preoperatively in corneal aberrations
in the two groups. There were significant different in
OPD, AST RMS and SR in two groups.

Discussion

The discrepancy between corneal astigmatism and mani-
fest astigmatism, which is crucial for determining the
appropriate surgical treatment, has been a long-standing
issue [8]. This difference may result in excess corneal
astigmatism and resultant vision decreased [18]. We pre-
viously compared the clinical outcomes between TCAT
LASIK and WFO LASIK in myopic patients [19]. The
outcomes indicated that TCAT induced less corneal opti-
cal path difference, fewer higher order aberrations, and
less coma than WFO LASIK. But it was not as accurate
as WFO, especially in astigmatism correction. Therefore,
a new alternative PAE combines the advantages of topog-
raphy-guided LASIK while not being constrained solely
by corneal astigmatism magnitude and axis as inputs to
the ablation algorithm. This approach may thus provide
an ablation pattern that is more responsive to corneal
asymmetries.

The goal of this study was to determine whether using
the PAE algorithm with topography-guided FS-LASIK
improved clinical outcomes. It involved a retrospec-
tive evaluation of a specific patient cohort consisting of
individuals with myopia but no manifest astigmatism.
Although their manifest refraction might measure zero
astigmatism, this could be artificially influenced by cor-
neal high-order aberrations [20]. PAE, separating high-
order aberrations from lower order aberrations to som
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Table 3 Comparison of the corneal aberration difference
between postoperative and preoperative values (With 6-mm

Optical Zone)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

Preop
6mo
P value (vs preop)

A (Preop vs 6
mo)

OPD(pm)

PAE

0.77+0.25 (0.35,1.72)
0.85+0.20 (0.54,1.30)
0.047"

0.07+0.26 (-0.76,0.55)

RMSh(um)

PAE

044+0.16 (0.20,1.19)
0.70+0.20 (0.44,1.11)
<0001"

0.27+0.22 (-0.24,0.66)

AST RMS(um)

PAE

0.63+0.23 (0.20,1.25)
0.42+0.21 (0.04,0.96)
<0001"

-021+0.26
(-1.11,0.38)

Coma RMS(um)

PAE

0.23+0.13 (0.06,0.72)
0.38+0.18 (0.09,0.89)
<0001"

0.15+0.20 (-0.25,0.70)

SA RMS(um)

PAE

0.23+0.08 (003,048)

048+0.15 (0.22,0.83)
<0001"

0.25+0.15 (-0.01,0.57)

SR

PAE

0.16+0.05 (0.08,0.29)
0.18+0.05 (0.09,0.39)
0.143

0.01+0.07 (-0.20,0.23)

Custom-Q

0.72+0.26 (0.32,1.52)
0.95+0.28 (0.53, 1.78)
<0001"

0.24+0.28 (-0.24,1.17)

Custom-Q
043+0.11(0.22,0.68)
0.78+0.22 (0.44, 1.46)
<0001"

0.35+0.24 (-0.07,
1.08)

Custom-Q

0.55+0.30 (0.06, 1.48)
0.50+0.30 (0.06,1.44)
0.064

-0.05+0.23
(-0.52,0.53)

Custom-Q

0.24+0.13 (0.01,0.50)
0.43+0.22 (0.07,0.98)
<0001"

0.19+0.24 (-0.27,0.85)

Custom-Q

0.22+0.08 (0.04,0.44)
0.51+0.16 (0.27,0.90)
<0001"

0.28+0.17 (0.01,0.70)

Custom-Q

0.17+0.05 (0.07,0.38)
0.15+0.04 (0.09, 0.28)
0.061

-0.02+0.05
(-0.14,0.07)

P
0.122
0.044"

0.006

0.783
0.106

0.088

0.075
0.176

0.004

0.577
0.257

0.362

0.743
0.400

0.334

0.249
0.027"

0.017

Results are expressed as mean £ SD (range) *Statistically significant

Custom-Q The refraction data planned with Q-factor customized corneal
ablation treatment, OPD optical path difference, RMSh root mean square

of higher order aberrations, AST RMS the root mean square of higher order
aberrations of corneal astigmatism, Coma RMS the root mean square of coma, SA
RMS the root mean square of higher order aberrations of spherical aberration,

SR Strehl ratio
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e extent improved the best corrected visual acuity after
the refractive surgery. This clinical trial demonstrated
for the first time the efficacy of correcting myopia with
zero manifest astigmatism using topography-guided
FS-LASIK.

ORA had been reported as a potentially limiting fac-
tor in the predictability of refractive correction [21-23].
A recently conducted large retrospective study [12] sug-
gested that ORA in Chinese adults with myopia was
affected by multiple ocular factors and the distribution
was 0.74+0.39 D, which was similar with the mean pre-
operative ORA in the PAE group(-0.87+0.29) and the
Custom-Q group(-0.79+0.38). Previous studies found
that using the PAE for topography-guided surgery plan-
ning and Custom-Q ablation treatments for the correc-
tion of myopia with astigmatism yielded excellent visual
and refractive results [5, 13—15]. Lobanoff et al. noted
that more than 94% of patients in the PAE group had
20/20 or better UDVA postoperatively, 62.5% had 20/16
or better UDVA [13]. Brunson et al. found that 60% of
eyes had UDVA of 20/15 and 99% had UDVA of 20/20
using the PAE [14]. Alves EM et published that 87% in
the Custom-Q group had a UDVA of 20/16 at the end
of 12 months, and 100% in reached a UDVA of 20/25 or
better [5]. Our study showed that 92% in Custom-Q and
100% in PAE had 20/20 or better UDVA postoperative.
74% of eyes had no change in CDVA in PAE and 71% in
the Custom-Q. 26% achieved 1 or more Snellen lines of
CDVA in PAE and 27% in the Custom-Q. The higher like-
lihood of 20/16 UDVA postoperative and relatively lower
changes in the Snellen lines of postoperative CDVA com-
pared with preoperative CDVA due to the difference in
the relatively higher preoperative UDVA in our study.

The corneal aberrations and SR were found to be cor-
related with visual outcomes after refractive corneal sur-
gery. Pre-existing HOAs can be exacerbated by LASIK
due to the ablation process itself, as well as various other
factors such as corneal dehydration and decentration
[24, 25]. In this study, as the cases without astigmatism
companied with better corneal aberrations preoperative,
the postoperative parameters (RMSh, Coma RMS, SA
RMS) in higher-order aberration failed to show supe-
riority. However, the postoperative OPD and SR in PAE
group is better than Custom-Q. SR, as a visual image
quality metric, had been shown to be predictive of sub-
jective best focus and well correlated with change in
visual performance [26]. Additionally, the delta values
between postoperative and preoperative corneal aberra-
tions demonstrated significant differences in OPD, AST
RMS, and SR between the two groups. This finding serves
as a reminder that individuals with myopia but without
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astigmatism still require treatment for their corneal
irregularities. Custom-Q ablation attempts to maintain
the original shape of the cornea, while the TCAT aims
to regularize the uniform corneal surface and neutralize
corneal irregularities [5]. The better result may be attrib-
uted to the theoretical benefits of topography guided
ablation with PAE algorithms, which is more responsive
to asymmetry on the cornea and considered the topo-
graphic irregularities [13].

Previously, some studies had discussed the limitations
of the PAE and attempted to demonstrate its inaccuracy
[27-29]. They disagreed with Phorcides’ assumptions that
astigmatism posterior to the anterior corneal surface is
significant, requires treatment. In this study, we enrolled
patients without manifest astigmatism, ensuring that the
ORA equaled the astigmatism of the anterior corneal
surface. The excellent postoperative visual acuity, along
with comparable data in postoperative sphere, cylinder,
and MRSE, suggested that the PAE was as accurate as
Custom-Q, with the stable corneal aberrations. This dem-
onstrated that in patients without manifest astigmatism,
PAE not only addressed the limitations of previous stud-
ies on TCAT [19] but also achieved comparable refractive
accuracy to conventional refraction algorithms while pre-
serving its advantages to achieve better HOA outcomes.
However, this conclusion is only based on patients with-
out manifest astigmatism, which reduced the interference
of noncycloplegic refraction error. However, achieving
excellent clinical outcomes from theoretical calculations,
particularly in terms of the accuracy of subjective exami-
nation, requires more comprehensive consideration. The
concept of PAE was highly appealing, yet the precise
treatment calculation demanded accurate preoperative
measurements to meet its requirements effectively.

There were limitations to this study. The small sample
size was due to the rare occurrence of myopia with zero
manifest astigmatism. Furthermore, we only compared
visual acuity, refraction, and corneal aberrations between
the two groups; we did not have additional data such as
subjective satisfaction. In addition, several flap related
parameters could contribute to cylindrical changes.
Lastly, this study had a retrospective design. For stronger
evidence, a prospective, randomized, double-blind com-
parative study in normal contralateral eyes would be
more convincing.

In conclusion, the results of visual acuity, efficacy,
safety, accuracy were similar in the two groups. Topog-
raphy guided ablation with PAE algorithms for patients
with zero manifest astigmatism demonstrated better
results in correcting corneal aberrations. Further under-
standing of topography guided with PAE algorithms to
tolerate deviation and obtain more accurate refractive
results was expected.
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Abbreviations

FS-LASIK  Femtosecond laser—assisted laser in situ keratomileusis
PAE Phorcides Analytic Engine

UDVA Uncorrected distance visual acuity

ASTRMS  Root mean square of corneal astigmatism

SR Strehl ratio

WFO Wavefront optimized ablation

TCAT Topography-guided customized ablation treatment
ORA Ocular residual astigmatism

CDVA Corrected distance visual acuity

OPD Optical path difference

RMS Root mean square

HOAs Higher order aberrations

SA Spherical aberration

GIS Geographic imaging software
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