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Purpose of the Study: To compare visual outcome, higher order aberrations (HOAs)
of topography guided and Q value adjusted ablation in the fellow eye of patients
undergoing photorefractive keratectomy (PRK) for the correction of myopia and myo-
pic astigmatism.

Methods: Prospective randomized controlled interventional clinical study. The eyes of 52
patients undergoing PRK for myopia and astigmatism were included, that is, 104 eyes in
total. In each patient, eyes were randomly allocated to group I: one eye received topography
guided PRK using Contoura ablation software, or group II: the other eye received Q value
adjusted PRK using Custom Q ablation software.

Follow-Up: Six months.

Results: At the end of 6 months, LogMAR UDVA was —0.04 + 0.12 and —0.05 + 0.11 (p
= 0.688), while LogMAR CDVA was —0.06 + 0.09 and —0.06 = 0.1 in group I and group
II, respectively (p = 0.972). Both groups showed a progressive oblate shift with time.
This oblate shift was insignificantly less in group I by Topolyzer at 6mm, 15° and 30° at
0.102, p = 0.138, p = 0.245, respectively). Topolyzer identified a

significant difference between the change in coma and trefoil in both groups at 6 months

6 months (p =

(p<0.001 and p = 0.001, respectively). This was caused by the significant worsening of
coma in group II (p<0.001) and the significant improvement of trefoil in group I (p =
0.007). No significant difference was found between groups in the change of ISV or ABR
(p = 0.955 and 0.982, respectively). Ablation depth is a significant predictor of AQ at
6mm, 15° and 30° (p = 0.009, 0.039 and 0, respectively). No significant difference was
found in the Strehl ratio or contrast sensitivity, although they were insignificantly better
in group I (p = 0.785 and p = 0.745, respectively).

Conclusion: TG PRK and CQ PRK yielded similar results regarding UDVA, CDVA,
MRSE, safety, predictability and contrast sensitivity. Both groups showed a progressive
oblate shift, which was less in the TG group but the difference was statistically
insignificant. TG PRK showed significantly improved trefoil HOA as compared to
CQ PRK.
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Introduction

Conventional excimer laser ablation patterns used in the correction of myopia and/
or astigmatism can reduce quality of vision that is attributed to the induced optical
aberrations. Spherical aberration, caused by the oblate shift, seems to be the most
prevalent of these optical aberrations. Therefore, aspheric ablation profiles and
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wavefront analysis were studied in an attempt to minimize
the induced optical aberrations.'*

The Q value is a shape factor used to characterize the
amount of corneal asphericity numerically and its impor-
tance was described in earlier studies on PRK.’> The
Custom Q ablation allows the surgeon to define the target
Q factor. The only pre-operative data this treatment needs,
other than the patient’s refraction, is the mean corneal
asphericity.*

On the other hand, topography guided ablation
reshapes the corneal irregularities into an ideal curve.
Hence, it is primarily used to treat irregular astigmatism
in post-LASIK eyes.”® However, it has also proven its
safety and efficacy in myopia and astigmatism in virgin
corneas.’

In this study, topography guided PRK, a customized
ablation based on corneal topography, is compared to
Custom Q PRK, a
treatment.

non-individualized aspheric

Patients and Methods
This study was a prospective randomized controlled
clinical study. In each patient, one eye was randomly
assigned for topography-guided (TG) PRK (group I) and
the other for custom-Q (CQ) PRK (group II) for correc-
tion of myopia and/or astigmatism. Simple randomiza-
tion was done.

This study was conducted following approval by the
Research Ethics Committee, Cairo University, Faculty of
Medicine (N-85-2017) and within the tenets of the
Declaration of Helsinki (clinical trials registration ID
[NCT03291873] at clinicaltrials.gov). Written informed
consent was obtained from each subject undergoing the
procedure and stated that their unidentified data will be
used for scientific publication.
included in this

Patients were if they

were over 18 years of age with stable myopia (up to

study

—6.5) with or without astigmatism (up to —4.75).
Exclusion criteria were previous refractive surgery,
established or forme-fruste keratoconus, macular or
retinal disease, autoimmune disease, pregnancy and
lactation.

The preoperative examination for each patient included
UDVA, CDVA, manifest and cycloplegic refraction, slit
lamp biomicroscopy, tonometry and dilated fundoscopy.
Corneal tomography was performed using a CSO Sirius
Scheimpflug camera combined with Placido corneal

topography (CSO, Florence, Italy). Three high quality
scans were obtained.

Corneal topography using a Topolyzer Vario
(Wavelight AG, Erlangen, Germany) was performed
on all patients preoperatively. At least 4, and up to 8,
good quality images were taken of each eye.
Repeatability of the Topolyzer and Sirius images was
considered acceptable with a coefficient of variance of
< 1% and reliable with an intraclass correlation coeffi-
cient (ICC) of >0.8.

In group I, the topography maps, together with
pupil size and position, were exported to the T-CAT
(Wavelight AG,

Germany). The amount and axis of the cylinder used

Contoura  software Erlangen,
were determined by manifest refraction and not the
topographic cylinder.

In group II, the manifest refraction data was used and
Custom Q software (Wavelight AG, Erlangen, Germany)
was used to plan the treatment.

The target Q was set according to a nomogram con-
sidering the patient’s age: a target Q of —0.46 for patients
older than 35 years, a target Q of —0.4 for patients 30 to 35
years and a target Q of —0.3 for patients younger than 30.
In some eyes where the preoperative Q (obtained from the
Topolyzer images) was more negative (more prolate cor-
neas) than the target Q, the target Q was left the same as
preoperatively.

No adjustment of sphere was done in either group.

Operative Steps

The operating surgeon for all cases was one of two (YS
or MH). The epithelium was removed using a blunt
spatula followed by ablation utilizing the Alcon/
Wavelight EX 500 platform (Wavelight AG, Erlangen,
Germany). Mitomycin C 0.02% was used in all eyes.
Topical steroids were tapered gradually over the period
of one month while topical lubricants were used for 3
months.

Fifty-eight patients were enrolled in this study. Only in
53 patients were good quality, reproducible images
obtained by the Topolyzer. In the 5 patients who failed to
obtain reproducible topography maps, both eyes under-
went CQ PRK and were excluded.

In one patient from the TG group, postoperative
images on all visits were of poor quality; therefore, this
patient was excluded. Fifty-two patients (104 eyes) were
followed up for 6 months.
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Follow-Up

Postoperatively, UDVA, CDVA and corneal topography
using Topolyzer were assessed on each visit, at 1, 3 and
6 months. The Topolyzer measured the Q value of the
anterior corneal surface through a 6mm aperture on the
cornea and at 15° and 30°degrees peripherally from the
corneal apex. AQ is the difference between postoperative
Q and preoperative Q. Aberration coefficients of astigma-
tism, coma, trefoil and spherical aberrations were mea-
sured by the Topolyzer. The aberration coefficient (ABR)
was calculated from the Zernike analysis output of the
Topolyzer. If there are no abnormal corneal aberrations,
ABR is 0; otherwise, ABR becomes 1.0 or greater. The
index of surface variance (ISV) measured by the
Topolyzer gives the deviation of individual corneal radii
from the mean value. It is elevated in all types of irregu-
larity of the corneal surface (=37 abnormal, >41
pathological).

Total RMS, RMS astigmatism, RMS coma, RMS sphe-
rical aberrations and Strehl ratio (the ratio between the
peak luminous intensity of the point spread function
(PSF) of the optical system under examination and the
peak generated by a flat wavefront through the same
pupil — the ratio decreases as the aberration increases)
were measured using CSO Sirius tomography (CSO,
Florence, Italy) at 1, 3 and 6 months.

To assess quality of vision, contrast sensitivity using
the Cambridge low contrast sensitivity chart was tested at
6 months.

Primary outcomes included UDVA, CDVA, refractive
cylinder and MRSE at 1, 3 and 6 months. The change in
Q value (6mm, 15°and 30°) and the change in higher

order aberrations (HOAs) were identified by the

Secondary outcomes included: correlation of AQ in the
CQ group with preoperative Q, target Q, change in Q, K1,
K2, age and ablation depth. Change in Q at 6mm, total
RMS, RMS astigmatism, RMS coma and RMS spherical
aberrations were measured by corneal tomography using a
Sirius Scheimpflug camera (CSO, Florence, Italy) and
assessment of quality of vision.

Statistical Analysis

SPSS (Statistical Package for the Social Sciences) version
26 (IBM Corp., Armonk, NY, USA) was
Comparisons between quantitative variables were done

used.

using the non-parametric Mann—Whitney test. For compar-
ison of serial measurements within each patient, the non-
parametric Friedman test and Wilcoxon signed rank test
were used. Comparisons between quantitative variables
were done using the non-parametric Kruskal-Wallis and
Mann—Whitney tests.

Correlations between quantitative variables were done
using Spearman's correlation coefficient. Linear regression
analysis was done to detect independent predictors of AQ.
An exact test was used instead when expected frequency
was less than 5. P-values of <0.05 were considered statis-
tically significant.

Results
This study included 52 patients — 24 males (46.2%) and 28
females (53.8%). The mean age of the patients was 26.71
+ 6.75 years (range: 18-43 years). Demographic data and
surgical eyes are shown in Table 1.

At one-month follow-up, all 52 patients (100%) pre-
sented; 92.3% of patients from the TG group (48/52)
and 90.3% of patients from the CQ group (47/52) com-

Topolyzer. pleted the 6-month follow-up. (One patient had
Table 1 Age, Gender and Surgical Eyes in Both Groups
Group
TOPO G Custom Q
Count % Count %
Age | 26.71 * 6.75 years (1843 years) <30 years 33 63.5 Same as Topo G (contralateral eye study)
30-35 years 14 26.9
>35 years 5 9.6
Eye Right eye 33 63.5 18 34.6
Left eye 19 36.5 34 65.4
Gender Male 24 46.2 24 46.2
Female 28 53.8 28 53.8
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Table 2 Preoperative Topographic and Refractive Data in the 2 Groups

Topo G Custom Q P-
Mean | SD Range 95.0% | 95.0% | Mean | SD Range 95.0% | 95.0% | AUe

Lower Upper Lower Upper

CL for CL for CL for CL for

Mean Mean Mean Mean
Preoperative 529.62 | 42.81 | 457.00-627.00 | 517.70 54153 | 535.06 | 41.34 | 458.00-612.00 | 523.55 546.57 | 0.501
Pachymetry
Preoperative ki | 43.03 1.61 39.78-46.30 42.58 43.48 43.14 1.60 39.71-46.49 42.69 43.58 0.701
Preoperative k2 | 44.36 1.55 40.56-47.84 43.93 44.79 44.30 1.53 40.91-47.84 43.87 44.72 0.881
Preoperative Q | —0.36 | 0.1l | —0.6I1 --0.18 -0.39 -0.33 —0.34 | 0.13 | —0.66——0.02 —-0.38 —-0.31 0.396
Preoperative -2.33 1.41 —5.75-0.00 -2.72 -1.93 —2.50 1.48 —6.50-0.00 -291 —2.09 0.562
sphere
Preoperative -1.02 | 092 —4.75-0.00 —-1.28 —-0.76 -0.89 | 0.77 —4.00-0.00 -1.10 —0.67 0.557
cylinder

enhancement in the CQ adjusted eye two months after Safety

surgery and was thus excluded from the 3- and 6-month
follow-ups.)

There was no statistically significant difference
between the 2 groups in terms of preoperative pachy-
metry, K1, K2, Q value, sphere or cylinder, as shown in
Table 2.

In the TG group, the mean difference between the
measured topographic cylinder and the refractive cylinder
in axis was 14.29° + 20.02° (range: 0—118 °) and the mean
difference in power was —0.46 £ 0.49 D (range: —2.34—
0.27 D).

In the CQ group, the mean target Q was —0.4 £ 0.09
and the difference between the target Q and the preopera-
tive Q was —0.06 + 0.09.

The mean estimated ablation depth was 55.05 =+
17.13p (range: 20.17-99.39 p) in the TG group and
53.08 £ 18.61 p (range: 13.47-96.68 ) in the CQ
group (p = 0.628).

Refractive Outcomes

No significant difference was found between the 2
groups in LogMAR UDVA, or LogMAR CDVA at 1, 3
or 6 months postoperatively, as shown in Table 3.

Forty-five eyes (95.7%) from the CQ group had < 0.25
D cylinder at 6 months compared to 42 eyes (87.5%) from
the TG group (p > 0.05).

The postoperative MRSE was significantly lower in the
CQ group compared to the TG group at 3 months (p =
0.046) but at 6 months no significant difference was
observed.

Of the 104 eyes, 6.3% lost 1 or more lines of CDVA in
the TG group compared to 6.4% of the CQ group.
The CDVA was 0.0 LogMAR (20/20) or better in
93.9% of eyes in the TG group and in 93.6% in the

CQ group.

Efficacy
The percentage of patients achieving LogMAR UCVA of
—0.10 (20/16) or better was 48% in the TG group and
46.3% in the Q value adjusted group.

Of patients in the TG group, 77.2% achieved LogMAR
UCVA of 0.00 (20/20) or better compared to 86.7% in the

CQ group.

Predictability

Of eyes in the CQ group, 100% were within 0.5 D of
emmetropia, compared to 93.8% of eyes in the TG group.
The difference between groups was non-significant (p =
0.242).

Stability

Stability was similar in both groups (p > 0.05), with 11
eyes (21.2%) in the TG group and 9 eyes (17.3%) in the
CQ group having an MRSE change of more than 0.5D
over 1, 3 and 6 months postoperatively.

Q Value

In the TG group, AQ 15° shows an initial prolate shift at
1 month, as shown in Figure 1. This shift was only

temporary and both groups showed a statistically
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TopolyzerQ TopolyzerQ TopolyzerQ TopolyzerQ  between the decrease in both groups at 6 months, as
0.05 - topreop- - dsim am om shown in Table 9 and Figure 2A.
o TG PRK induced a statistically insignificant
0.5 decrease in coma at 6 months, as shown in Table 7,
unlike the significant increase in coma in the CQ group
——TOPOG 0.1

CustomQ 15

Figure | Q value at 15° in the 2 groups.
Abbreviations: preop, preoperative; m, month/s.

significant oblate shift at 6 months compared to preo-
peratively in all 3 areas of measurement, as shown in
Tables 4 and 5. This oblate shift was smaller in the TG
group compared to the CQ group in the 3 areas of
measurement, but with p-values of > 0.05, as shown in
Table 6.

It was noted that the rate of progressive postoperative
oblate shift was more gradual from 3 to 6 months in both
groups (as shown in Figure 1).

Corneal Aberrations, ABR and ISV

The aberration coefficient of astigmatism significantly
decreased at 6 months in both groups, as shown in
Tables 7 and 8. No significant difference was found

Table 4 Q Value by Topolyzer in TG Group

at 6 months, as shown in Table 8. A statistically sig-
nificant difference was found between the changes in
both groups at 6 months, as shown in Table 9 and
Figure 2B.

TG PRK caused a statistically significant decrease in
trefoil at 6 months, as shown in Table 7, compared to the
insignificant increase in trefoil in the CQ group, as shown
in Table 8. A statistically significant difference was found
between the changes in both groups at 6 months, as shown
in Table 9 and Figure 2C.

Spherical aberrations were significantly increased in
both groups at 6 months, as shown in Tables 7 and 8.
TG PRK caused a smaller increase in spherical aberrations
than CQ PRK at 6 months, but the difference was not
statistically significant, as shown in Table 9 and
Figure 2D.

A statistically significant increase in ABR in both
groups was found at 6 months (p = 0.001 and 0.003,
respectively).

An increase in ISV at 6 months was not statistically
significant in either groups (p > 0.05).

There were no statistically significant differences
between the groups in terms of the increase in ABR or
ISV, as shown in Table 10.

TOPO G P-value
Mean | SD | Minimum | Maximum 95.0% Lower CL for 95.0% Upper CL for
Mean Mean
Q 6mm | Preoperative | —0.30 | 0.1 —0.66 —0.11 -0.33 -0.27 < 0.001*
I month -0.22 | 0.44 =111 0.84 -0.35 —-0.10
3 months —0.11 | 0.40 -1.02 0.83 -0.23 0.00
6 months —0.07 | 0.40 —0.88 0.83 —0.18 0.05
Q I5° Preoperative | —0.24 | 0.11 —0.45 0.04 -0.27 —0.21 < 0.001*
I month —0.30 | 0.40 —1.15 0.84 -0.41 —-0.19
3 months -0.13 | 0.40 —1.04 0.88 -0.25 —-0.02
6 months —0.11 | 0.36 -0.91 0.84 -0.21 0.00
Q 30° Preoperative | —0.37 | 0.11 —0.62 —0.18 -0.40 -0.34 < 0.001*
I month -0.04 | 0.35 —0.66 0.67 —0.14 0.05
3 months 0.02 | 03I —0.63 0.67 —0.07 0.11
6 months 0.02 | 0.30 —-0.58 0.67 -0.07 0.11

Note: *Significant p-value: < 0.05.
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Table 5 Q Values by Topolyzer in CQ Group
Custom Q P-value
Mean | SD | Minimum | Maximum 95.0% Lower CL for 95.0% Upper CL for
Mean Mean
Q 6mm | Preoperative | —0.28 | 0.14 —0.67 0.16 -0.32 -0.24 < 0.001*
| month —-0.07 | 0.49 —-0.96 1.41 -0.20 0.07
3 months 0.06 | 0.43 -0.81 1.08 -0.07 0.18
6 months 0.08 0.38 -0.85 0.89 -0.03 0.19
Ql5° Preoperative | —0.23 | 0.13 —0.63 0.11 -0.27 -0.20 < 0.001*
| month -0.19 | 0.39 -0.99 0.76 -0.30 —-0.08
3 months -0.02 | 0.40 —-0.80 1.08 —-0.14 0.10
6 months 0.0l 0.35 -0.79 0.92 -0.09 0.11
Q30° Preoperative | —0.35 | 0.17 —0.66 0.45 -0.40 -0.30 < 0.001*
| month 0.05 0.34 —-0.55 0.97 -0.04 0.14
3 months 0.09 0.31 —0.45 0.86 0.00 0.18
6 months 0.11 0.31 -0.51 0.90 0.02 0.20

Note: *Significant p-value: < 0.05.

Predictors of AQ in CQ Group

In the CQ group, a significant positive correlation was
found between AQ (in all 3 areas of measurement)
with age and the estimated ablation depth. No signifi-
cant correlation was found with the target Q or the
change in Q (target — preoperative Q), as shown in
Table 11.

Estimated ablation depth in the CQ group was found to
be a statistically significant predictor of AQ on performing
linear regression of age and ablation depth, as shown in
Table 12.

In the CQ group, each patient had a different target
Q according to the nomogram used based on patient’s
age. Q 6mm at 6 months was significantly higher (more
oblate cornea) in 30-35 year old patients compared to
those younger than 30 years, as shown in Tables 13
and 14.

HOAs and Strehl Ratio by Combined
Placido Disc and Scheimpflug Camera
Corneal Tomography

There was no statistically significant difference in the
percentage of change in total RMS, RMS astigmatism
and RMS spherical aberrations between the groups, but
the increase in RMS for coma was significantly higher in
the CQ group at 1, 3 and 6 months, as shown in Table 15.

The median percentage increase (improvement) of
the Strehl in the TG
group; however, no significant difference between

ratio was slightly higher
the groups was found at 6 months, as shown in
Table 15.

Contrast Sensitivity

At 6 months, the difference in contrast sensitivity between
the TG group (195.79 £+ 86.65 C/S [range: 70—44]) and CQ
group (184.38 + 72.29 C/S [range: 78—400]) was not
statistically significant (p = 0.745).

Complications

One month after surgery, 5 eyes in the TG group and 6
eyes in the CQ group had grade 1 haze that disap-
peared by 6 months in all eyes. One patient had
enhancement in the CQ adjusted eye 2 months after
surgery, thus was excluded from 3- and 6-month fol-

low-ups.

Discussion

Topography guided ablation was primarily used for irre-
gular astigmatism and retreatments in severely aberrated
corneas with decreased CDVA for which even refraction is
unreliable,®” then started to gain popularity for the treat-
ment of virgin corneas.'’
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Table 6 Comparison of AQ at |, 3 and 6 Months Between the 2 Groups

P-
value

0.147
0.086
0.102

0.193
0.160
0.138

0.204
0.309
0.245

Custom Q

95.0%
Upper CL

for Mean

0.33
0.44
0.45

0.14
0.32

0.33

0.49
0.52
0.54

95.0%
Lower CL

for Mean

0.09
0.22
0.26

—-0.06
0.11

0.15

0.30
0.34
0.36

1.50
1.24
1.03

0.87

1.19

1.06

1.43
1.32
1.36

Minimum | Maximum

—-0.52
-0.36
-0.22

-0.72
—0.42
—0.34

—0.47
—0.60

—-0.31

Standard
Deviation

0.44
0.39
0.33

0.36
0.36

0.

30

0.34
0.31

0.30

Mean

0.21
0.33
0.35

0.04
0.21
0.24

0.40
0.43
0.45

Group

TOPO G

95.0%
Upper CL

for Mean

0.19
0.28
0.33

0.04
0.2

0.23

0.42
0.47
0.47

95.0%
Lower CL

for Mean

—0.04
0.07
0.12

—0.16
—-0.01
0.03

0.23
0.30
0.30

1.08
1.00
1.00

0.96
0.97
0.96

1.00
1.10

10

Minimum | Maximum

-0.72
~0.58
~0.44

-0.75
—0.64
—0.52

—-0.31

-0.17
—-0.12

Standard
Deviation

0.41
0.37
0.36

0.37
0.37

0.34

33

0.

0.29
0.28

Mean

0.07
0.

18

0.23

—0.06

0.10
0.1

3

0.32
0.3

8

0.39

Change of Q from
Preoperative

I month

3 months

6 months

I month

3 months

6 months

| month

3 months

6 months

AQ 6mm

AQ I5°

AQ 30°

Custom Q ablation induces a controlled amount
of spherical aberration to increase the depth of
focus, while maintaining the prolate shape of the
cornea.'!

In the present study we found no significant difference
between TG PRK and CQ PRK in UDVA, CDVA or
MRSE at 1.3 or 6 months postoperatively, similar to the
results of Hamza et al, who compared TG LASIK to CQ
LASIK at 3 months.”

In the present study, 93.8% of eyes in the TG group
were within 0.5 D of emmetropia. TG ablation in
virgin eyes using manifest refraction is more predict-
able than TG ablation using topography neutralizing
techniques in post-refractive surgery eyes. The latter
resulted in 75% of eyes within 0.5 D of emmetropia.'’
Of the eyes of the CQ group in our study, 100% were
within 0.5 D of emmetropia. Target Q was changed
according to a nomogram and no adjustment of sphere
was done.

Studies have reported different ways to increase
predictability in CQ ablation. Some have recommended
adjustment in the refractive nomogram when changing
the target Q.'*'? Others have recommended keeping
the target Q unchanged from its preoperative values.'
In our study we neither kept the target Q unchanged
nor made any adjustments in the refractive nomogram,
and we still had 100% of the cases within 0.5 D of
emmetropia in the CQ group.

The ISV, a clue to regularization of the anterior
corneal contour, was reported to improve significantly
after TG LASIK in irregular corneas, and increase
insignificantly after TG PRK in irregular corneas.'’
This was similar to the results in our 2 groups, where
the ISV increased insignificantly, probably due to the
healing process and epithelial remodeling after PRK,
besides the fact that we included regular corneas in
virgin eyes in contrast to the irregular corneas in
those studies.

Koller et al reported that CQ LASIK causes less
oblate shift than wavefront guided LASIK. The differ-
ence was statistically significant only within the inner
3.5 mm of the cornea (Q10 and 15 degrees from the
apex of the cornea).'® However, in our study, the CQ
group produced a more oblate shift compared to the TG
group.

Different studies have reported the time needed
stabilization after PRK.
Some reported that it can take years for corneal

for epithelial thickness
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Table 7 Corneal Aberrations by Topolyzer in TG Group

Aberration coefficient TOPO G P-value
Mean SD Minimum | Maximum | 95.0% Lower 95.0% Upper
CL for Mean CL for Mean
Aberration coefficient of | Preoperative | 0.001453 | 0.000845 | 0.000232 0.004310 0.001218 0.001688 < 0.001*
astigmatism | month 0.000828 | 0.000341 0.000245 0.001570 0.000733 0.000923
3 months 0.000783 | 0.000367 | 0.000147 0.001744 0.000678 0.000888
6 months 0.000828 | 0.000373 | 0.000180 0.001692 0.000720 0.000936
Aberration coefficient of | Preoperative | 0.000343 | 0.000128 | 0.000129 0.000696 0.000307 0.000378 0.081
coma | month 0.000338 | 0.000227 | 0.000031 0.001155 0.000274 0.000401
3 months 0.000341 | 0.000221 0.000092 0.000998 0.000277 0.000404
6 months 0.000318 | 0.000205 | 0.000025 0.001025 0.000258 0.000377
Aberration coefficient of | Preoperative | 0.000236 | 0.000124 | 0.000006 0.000463 0.000201 0.000271 0.007*
trefoil | month 0.000196 | 0.000154 | 0.000007 0.000940 0.000153 0.000239
3 months 0.000171 | 0.000143 | 0.000020 0.000940 0.000130 0.000212
6 months 0.000184 | 0.000156 | 0.000020 0.000940 0.000139 0.000230
Aberration coefficient of | Preoperative | 0.000271 | 0.000087 | 0.000048 0.000438 0.000247 0.000295 < 0.001*
spherical aberration | month 0.000279 | 0.000196 | 0.000012 0.000867 0.000225 0.000333
3 months 0.000356 | 0.000245 | 0.000009 0.000956 0.000286 0.000426
6 months 0.000352 | 0.000210 | 0.000009 0.000867 0.000291 0.000413

Note: *Significant p-value: < 0.05.

Table 8 Corneal Aberrations by Topolyzer in CQ Group

Aberration Custom Q P-value
Coefficient .. .
Mean SD Minimum | Maximum | 95.0% Lower CL 95.0% Upper CL
for Mean for Mean
Astigmatism Preoperative | 0.001337 | 0.001136 | 0.000219 0.007360 0.001021 0.001653 < 0.001*
| month 0.000904 | 0.000308 | 0.000250 0.001542 0.000818 0.000990
3 months 0.000842 | 0.000340 | 0.000200 0.001791 0.000743 0.000940
6 months 0.000835 | 0.000334 | 0.000200 0.001704 0.000737 0.000933
Coma Preoperative | 0.000304 | 0.000124 | 0.000009 0.000549 0.000269 0.000338 < 0.001*
| month 0.000470 | 0.000256 | 0.000076 0.001554 0.000399 0.000541
3 months 0.000417 | 0.000178 | 0.000076 0.000729 0.000365 0.000468
6 months 0.000456 | 0.000247 | 0.000036 0.001445 0.000384 0.000529
Trefoil Preoperative | 0.000221 | 0.000109 | 0.000039 0.000528 0.000190 0.000251 0.098
| month 0.000235 | 0.000122 | 0.000023 0.000584 0.000201 0.000269
3 months 0.000256 | 0.000098 | 0.000073 0.000529 0.000227 0.000284
6 months 0.000294 | 0.000204 | 0.000047 0.001439 0.000234 0.000354
Spherical Preoperative | 0.000273 | 0.000104 | 0.000016 0.00044 1| 0.000244 0.000301 < 0.001*
aberration | month 0.000305 | 0.000210 | 0.000016 0.000847 0.000247 0.000364
3 months 0.000395 | 0.000230 | 0.000008 0.001046 0.000328 0.000461
6 months 0.000434 | 0.000242 | 0.000082 0.001165 0.000363 0.000505

Note: *Significant p-value: < 0.05.
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Figure 2 (A) Aberration coefficients of astigmatism by Topolyzer, (B) aberration coefficients of coma by Topolyzer, (C) aberration coefficients of trefoil by Topolyzer, (D)
aberration coefficients of spherical aberrations by Topolyzer.
Abbreviations: preop, preoperative; m, month/s.

thickness to return to preoperative levels.'” months, with no significant change during 3 to 6
However, the rate of the highest increase in months.'®'® Likewise, in the present study, although
thickness was reported to be between 1 and 3 Q values (oblate shift) continued until 6 months,

Table 10 Change in ABR and ISV from Preoperative Values in the 2 Groups at the 3 Follow-Up Visits

Group P-
value
TOPO G Custom Q
Mean | Standard 95.0% 95.0% Mean | Standard 95.0% 95.0%

Deviation | Lower CL | Upper CL Deviation | Lower CL | Upper CL

for Mean for Mean for Mean for Mean
Change of ABR | | month 0.84 0.74 0.64 1.05 0.83 0.78 0.61 1.05 0.906
from 3 months | 0.62 0.76 0.41 0.84 0.65 0.8l 0.42 0.89 0.664
preoperative 6 months | 0.65 0.79 0.42 0.88 0.63 0.83 0.38 0.87 0.955
Change of ISV | month 2.00 6.49 0.19 3.8l 1.44 8.16 —0.83 371 0.635
from 3 months | 043 6.32 -1.39 2.24 0.69 8.04 —1.65 3.02 0.925
preoperative 6 months | 0.23 6.06 —-1.53 1.99 0.57 727 —-1.56 271 0.982
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Table 11 Correlation Between AQ and Various Factors in CQ Group

CQ Group AQ Preoperative Q | Target Q | Change in Q Kl K2 Age Ablation Depth
AQ 6mm Correlation Coefficient 0.280 0.069 -0.244 0.193 0.077 0.356 0.490
P-value 0.056 0.645 0.099 0.193 0.609 0.014* < 0.001*
N 47 47 47 47 47 47 47
AQ 15° Correlation Coefficient 0.291 0.037 —0.276 0.143 0.000 0.377 0412
P-value 0.047%* 0.806 0.061 0.337 0.997 0.009* 0.004*
N 47 47 47 47 47 47 47
AQ 30° Correlation Coefficient 0.025 —0.049 -0.122 0.383 0.291 0.364 0.720
P-value 0.866 0.745 0413 0.008* | 0.047*% | 0.012* < 0.001*
N 47 47 47 47 47 47 47

Note: *Significant p-value: < 0.05.

Table 12 Linear Regression Analysis for Independent Predictors of AQ in CQ Group

Coefficients™ P
Model Unstandardized Standardized Coefficients T P-value | 95.0% Confidence Interval for B
Coefficients
B Std. Error Beta Lower Bound | Upper Bound
AQ 6mm (Constant) -0.303 0.184 —1.645 0.107 -0.674 0.068
Age 0.012 0.007 0.247 1.806 0.078 -0.001 0.025
Ablation depth | 0.006 0.002 0.372 2716 0.009* 0.002 0.011
AQ 15° (Constant) -0.234 0.177 -1.322 0.193 -0.591 0.123
Age 0.008 0.006 0.189 1.306 0.198 —0.004 0.021
Ablation depth | 0.005 0.002 0.308 2.126 0.039* 0.000 0.009
AQ 30° (Constant) -0.270 0.137 -1.974 0.055 —0.546 0.006
Age 0.008 0.005 0.176 1.559 0.126 —-0.002 0.017
Ablation depth | 0.010 0.002 0.626 5.536 0.000%* 0.006 0.013

Notes: *Significant p-value: < 0.05. *Group = Custom Q. *Dependent Variable: AQ 6mm. B unstandardized coefficient. Beta standardized coefficient.

the rate of increase was more gradual from 3 to 6
months.

Koller et al reported a linear relation between amount
of oblate shift and that of myopic correction."'® Our
the
correlation between oblate shift and ablation depth in the
CQ group. Ablation depth
significant predictor of oblate shift even when using an
ablation profile that controls the intended Q shift. The
correlation between the oblate shift and both target Q

results confirm significant positive

continues to be a

and change in Q was not statistically significant.
This finding contradicts Koller et al's assumption
that, by increasing the prolateness of the target Q, the

oblate shift will be further diminished.!® However,
that

Q-targets will not necessarily diminish the remaining

Chen and Stojanovic reported more prolate

oblate shift found in CQ ablation,”® which explains our
results. This is attributed to a decrease in effective
radiant laser energy towards the periphery, reflection

losses,”®  corneal  biomechanical responses  and

epithelial and stromal remodeling after surface

ablation.?!

CQ ablation enables near and distance vision by
increasing depth of focus, hence its use in correction
of presbyopia, without excessive reduction in the qual-
ity of wvision.'"® This explains CQ

why our
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P-
value
0.463

0.391

0.728
0.672
0.698
0.037*
0.968
0.135
0.258

0.064

1.16
0.20
0.00
0.00
0.16
0.71

—0.04
0.52
0.45
0.90

0.54
-0.20

Minimum | Maximum

0.00
—-0.20
—0.50

0.16
—0.47
-0.07
—0.54

0.14

> 35 Years

.16
0.

00

0.00
0.

00

-0.32
0.22
—-0.29

0.

14

—0.44
025

SD | Median

0.34
0.14
0.00
0.09
0.25
0.22
0.17
0.22
0.41
0.31

091
0.00
0.00
—0.04
—0.24
0.32
-0.25
0.18
-0.27
0.35

20.00
0.10
0.18
0.10

—0.17
0.49

—0.13

0.

28

-0.17
0.57

0.48
—-0.20

Minimum | Maximum | Mean

Age

0.00
—-0.20
—0.56

0.01
—0.55
-0.07
—-0.59

0.00

30-35 Years

0.60
0.

00

0.00

0.17

SD | Median

5.57
0.11

231
—0.03
0.01

0.25

20.00
0.20
0.18
0.20
0.05
0.89

0.11

0.92
—0.11

0.68

0.10
—-0.30

Minimum | Maximum | Mean

0.00
—-0.30
—0.67
-0.85
—0.63
-0.79
—0.66

—0.51

< 30 Years

0.80
-0.10
0.00
-0.10
-0.27

0.0l

-0.23

-0.09

—-0.37
0.03

SD | Median

3.28
0.10
0.04
0.10
0.14
0.42
0.14
0.40
0.12
0.31

Mean
1.26

—0.06
0.0l
-0.07
-0.29

0.

00

-0.23

—-0.03

—0.37
0.03

Table 13 Comparison of the 3 Age Groups in CQ Group

UDVA preoperative

UDVA 6 months

CDVA preoperative
CDVA 6 months

Topo Q 6mm preoperative

Topo Q 6mm 6 months

Topo Q 15° preoperative
Topo Q 15° 6 months

Topo Q 30° preoperative
Topo Q 30° 6 months

Note: *Significant p-value: < 0.05.

Table 14 P-value Between the 2 Age Groups in CQ Group

Topo Q 6mm 6 P-value
<30 vs 30-35 0.045*
<30vs>35 0.055
30-35vs > 35 0.764

Note: *Significant p-value: < 0.05.

group showed significantly worsened postoperative
coma while the TG PRK group showed a statistically
insignificant improvement of coma. The CQ group
showed a statistically insignificant worsening of
trefoil in contrast to the TG group that showed signifi-
cantly improved trefoil. This created the statistically
significant difference between the groups in coma and
trefoil.

Our results were different from the findings of Hamza
et al, who reported non-significant differences between TG
LASK and CQ LASIK in terms of total RMS, coma,
trefoil and spherical aberrations.”

Contrast sensitivity was smaller in the CQ group,
but the difference was statistically insignificant. No
statistically significant difference in Strehl ratio was
found between the 2 groups at any follow-up.
However, intragroup analysis proved that it increased
significantly from the preoperative data in both groups
(17.98% increase in the TG group [p = 0.033] and
11.96% increase in the CQ group [p < 0.001] at 6
months.

These findings may support what other authors have
concluded, that is, that the quality of vision produced by
oblate corneas is mostly similar to that produced by
prolate ones, due to the interrelation of multiple factors
affecting the subjective evaluation of quality of
vision.'®*2

To the best of our knowledge, this is the first con-
tralateral study comparing TG and CQ PRK. We
conclude that topography guided utilizing manifest
cylinder and Q value adjusted PRK without adjustment
of manifest sphere yielded similar results regarding VA
and quality of wvision in cases of myopia or
astigmatism. However, a progressive oblate shift was
noted with time in both groups, thus larger
sample sizes and longer follow-up periods are recom-
mended to confirm these findings. A limitation of our
study was the relatively short follow-up period
(6 months).
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Table 15 Percentage Change of RMS and Strehl Ratio at I, 3 and 6 Months: Comparison Between the 2 Groups

Percentage TOPO G Custom Q P-
Change from R . value
) Mean SD Median 95.0% 95.0% Mean SD Median | 95.0% 95.0%

Preoperative
Lower Upper Lower Upper
CL for | CL for CL for | CL for
Mean Mean Mean Mean
Total RMS I month | —8.10 | 41.89 | —10.40 -21.16 4.95 —1.04 | 47.39 0.24 —14.24 12.15 0.489
3 months | —13.89 | 36.54 | —13.68 -25.73 —2.04 -3.92 | 4237 -6.76 -16.22 839 0.348
6 months | —10.95 | 39.15 | —13.38 —23.64 1.74 -2.63 40.36 -3.03 —14.35 9.09 0417
RMS | month | —14.40 | 55.71 | —25.61 -31.76 2.96 —15.86 | 57.83 —32.96 -31.96 0.24 0.876
Astigmatism 3 months | —=32.15 | 36.18 | —28.64 —43.88 —20.43 | —3044 | 52.24 -39.92 —45.61 —15.27 0.615
6 months | —26.32 | 41.32 | —31.58 -39.71 -12.92 | —-27.71 | 50.01 —38.29 —42.23 -13.19 0.573
RMS Coma I month 7.09 7271 | —18.09 —15.57 29.75 56.83 97.72 27.56 29.62 84.03 0.002%*
3 months | 1696 | 73.98 -2.50 —-7.02 40.94 6792 | 117.71 35.15 33.74 102.10 | 0.003*
6 months | 21.99 | 70.73 6.45 —0.94 44.91 74.37 | 120.92 46.45 39.26 109.48 | 0.004*
RMS Spherical | month 36.30 | 81.48 20.87 1091 61.69 56.52 | 100.65 50.00 28.50 84.54 0.440
aberration 3 months | 56.05 | 83.39 51.43 29.01 83.08 114.69 | 189.26 70.82 59.73 169.64 0.090
6 months | 71.86 | 90.25 57.14 42.61 101.12 116.25 | 185.69 74.17 62.33 170.16 0.242
Strehl ratio | month 37.89 | 67.79 24.27 16.76 59.02 36.75 80.13 14.24 14.45 59.06 0.643
3 months | 4021 | 79.30 14.56 14.50 65.92 62.97 97.40 37.00 34.69 91.25 0.290
6 months | 45.07 | 78.49 17.98 19.63 70.52 49.76 | 101.02 11.96 20.43 79.09 0.785
Note: *Significant p-value: < 0.05.
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