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ARTICLE

Comparison of clinical outcomes between »
vector planning and manifest refraction
planning in small-incision lenticule extraction for
myopic astigmatism

Ikhyun Jun, MD, PhD, David Sung Yong Kang, MD, Samuel Arba-Mosquera, PhD,
Noel Alpins, AM, FRANZCO, FRCOphth, FACS, Dan Reinstein, MD, Seung Ki Jean, BS, Eung Kweon Kim, MD, PhD,
Kyoung Yul Seo, MD, PhD, Hyung Keun Lee, MD, PhD, Tae-im Kim, MD, PhD

Purpose: To compare clinical outcomes of small-incision lenticule
extraction (SMILE) between manifest refraction and vector planning
for myopic astigmatism with high ocular residual astigmatism (ORA).

Setting: Yonsei University College of Medicine and Eyereum Eye
Clinic, Seoul, Korea.

Design: Prospective, randomized, comparative case series.

Methods: We included 114 eyes of 114 patients with myopic
astigmatism and ORA =0.75 diopters (D); patients underwent
SMILE and were randomized into the manifest refraction planning
(68 eyes) or vector planning group (56 eyes). Visual acuity, manifest
refraction, corneal topography, and corneal aberration were mea-
sured preoperatively and postoperatively. Outcomes at 6 months
postoperatively were compared between the groups.

Results: The mean uncorrected and corrected distance visual
acuity, safety and efficacy indices, and aberrometric values were

correction, 2 treatment strategies are used, based on the

manifest refraction or the shape of the cornea.' * Al-
though the cylinder of the manifest refraction is mainly
caused by anterior corneal astigmatism, corneal topo-
graphic astigmatism is not always consistent with the re-
fractive cylinder.' The difference between corneal
astigmatism and refractive cylinder at the corneal plane can
be described as the ocular residual astigmatism (ORA),

In laser corneal refractive surgeries for astigmatism

comparable between the 2 groups at 6 months after SMILE.
Postoperative refractive cylinder differed significantly between the
groups (—0.22 + 0.18 D and —0.14 + 0.16 D in the manifest
refraction and vector planning groups, respectively; P = .02).
Postoperative comeal toricity (1.07 + 0.40 D vs 0.84 + 0.39 D:
P =.008) and ORA (0.98 + 0.31 D vs 0.85 + 0.32 D; P = .037)
differed significantly between the groups, with favorable results for
the vector planning method.

Conclusions: In myopic astigmatism with high ORA, manifest
refraction and vector planning in SMILE were effective with com-
parable visual outcomes; vector planning showed significantly
better postoperative refractive and corneal astigmatism and
ORA. Use of vector planning may improve refractive outcomes
in SMILE cases with high ORA.

J Cataract Refract Surg 2020; m:1-11 Copyright © 2020 Published by
Wolters Kluwer on behalf of ASCRS and ESCRS

calculated as the vectorial difference."” This difference is
caused by the posterior corneal surface and crystalline lens,
as well as by nonoptical perceptive factors."" Previous
studies have shown that ORA in the healthy astigmatic eyes
that underwent corneal refractive surgery was fairly large,
with a mean of 0.73 to 0.81 diopters (D), and even 34% to
46% over 1.0 D." °

High ORA has been shown to negatively affect the
postoperative visual and refractive outcomes after
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2 MANIFEST REFRACTION AND VECTOR PLANNING IN SMILE

corneal refractive surgeries.” '' Studies have been
conducted mainly to analyze the effect of high ORA on
laser in situ keratomileusis (LASIK); however, other
recent studies have also documented a limited treatment
effect with laser-assisted subepithelial keratectomy, and
even small-incision lenticule extraction (SMILE).> '
Moreover, it has been reported that postoperative
higher-order aberrations (HOAs), such as spherical
aberration and coma, increased more in patients with
high ORA."

To address this issue, astigmatism correction using the
vector planning (VP) method that incorporates topo-
graphic astigmatism and refractive astigmatism was pro-
posed." Refraction-based corrections completely ignore the
presence of ORA and rely on whatever refraction value
measured in the “spectacles.” VP is a strategy that allows the
astigmatic correction to be shifted from refraction based to
combining the refraction and topography along the ORA
difference. Theoretically, refraction-based treatment leads
to no residual refractive astigmatism, but excess residual
corneal astigmatism (all the ORA remains on the cornea),
and topography-based treatment leads to no residual
corneal astigmatism, but residual refractive astigmatism (all
the ORA in the spectacles). Using the VP method could
lead to a balance between residual refractive astigmatism
and residual corneal astigmatism. Using a 40:60 ratio, 40%
of the ORA would remain in the residual refraction, and
60% of the ORA would remain in the corneal astigmatism.
A customized photoastigmatic refractive keratectomy
using VP has been demonstrated to be effective and safe
in forme fruste and mild keratoconus.'” In addition,
a treatment strategy combining wavefront refraction and
topographic astigmatism was applied to perform LASIK in
high ORA and showed better visual outcomes under
mesopic conditions with greater reduction in corneal
astigmatism compared with the wavefront only group."’
Furthermore, a recent large-scale study showed that the
VP strategy resulted in comparable visual and refractive
outcomes and better postoperative corneal toricity and
ORA compared with conventional manifest refraction-
based treatment.'

SMILE is a recently developed refractive correction
operation that uses a femtosecond laser-based technique. '’
SMILE has been reported to be associated with a certain
amount of undercorrection of astigmatism and seems
to have limited efficacy for astigmatism correction in
eyes with high ORA.”'"'" Although the use of the triple
centration technique can partially mitigate the un-
dercorrection of astigmatism with SMILE, the issue
still persists, especially in cases of high astigmatism.""
Application of the VP approach in SMILE could be
a useful approach for overcoming these limitations.
Therefore, we aimed to comparatively investigate the
clinical outcomes of SMILE between manifest re-
fraction and VP, including visual, refraction, astigmatic
vector parameters, and aberrometric changes, in the
treatment of myopic astigmatism in eyes with high
ORA =20.75 D.

METHODS

Patients
This was a prospective randomized comparative case series study
approved by the Institutional Review Board of Yonsei University
College of Medicine (Seoul, South Korea; IRB No. 1-2018-0038)
and was registered at ClinicalTrials.gov (NCT03947944). The
study followed the tenets of the Declaration of Helsinki, and
written informed consent was obtained from all participants.
Patients scheduled to undergo SMILE surgery for the correction
of myopic astigmatism were enrolled in the study. The inclusion
criteria for this study were as follows: myopia <10 D with 20.75 D
of ORA; age 19 to 40 years; stable refraction for at least 1 year; and
corrected distance visual acuity (CDVA), 20.8 Snellen fraction.
Exclusion criteria were as follows: severe ocular surface disease,
including Stevens-Johnson syndrome, graft-versus-host disease,
or Sjogren syndrome; corneal epithelial pathology, such as re-
current corneal erosion or epithelial defects; keratoconus; cata-
racts; previous intraocular or corneal surgery; history of glaucoma;
and any posterior segment pathology. Participants were randomly
assigned to the manifest refraction planning group or VP group
using randomization tables. Right or left eye data were randomly
chosen using randomization tables, regardless of ocular domi-
nance, refraction, or presence of aberrations.

Preoperative and Postoperative Assessments

Before surgery, all patients underwent a detailed ophthalmological
examination that included evaluation of the logarithm of the
minimum angle of resolution uncorrected distance visual acuity
(UDVA) and CDVA, manifest refraction, slitamp examination
(Haag-Streit), intraocular pressure measurement (noncontact
tonometer, NT-530, NCT Nidek Co., Ltd.), keratometry, central
corneal thickness (ARK-530A autokeratometry, Nidek Co., Ltd.),
pupil size (Atlas, Carl Zeiss Meditec, AG), Scheimpflug-based
corneal topography (Pentacam HR, Oculus, Optikgerite GmbH),
and indirect fundoscopy. Corneal wavefront aberrations were
measured using the Keratron Scout (Optikon 2000). The exami-
nations were also performed at 1 month, 3 months, and 6 months
postoperatively. The baseline (preoperative) and 6-month post-
operative data were analyzed.

Surgical Technique

Treatments for astigmatism were planned using either the
manifest refraction (manifest refraction group) or the VP method
(VP group). All treatments were performed as described pre-
viously by a single, experienced surgeon (D.S.Y.K.)."' The triple
centration technique was used for all patients.'" The triple cen-
tration technique involves marking the first 2 points 7.0 mm apart
at the horizontal meridian by bisecting the first Purkinje reflex or
the coaxially sighted corneal light reflex while the patient is in the
sitting position and fixated on the center of the slitlamp beam.
Then, the slitlamp beam is vertically rotated, and a third marking
is made on the inferior cornea by bisecting the first Purkinje reflex
or the coaxially sighted corneal light reflex."’ SMILE surgery
was performed with standardized techniques using the 500-KHz
VisuMax system (Carl Zeiss Meditec AG). After the anterior
(upper) and posterior (lower) planes of the lenticule were defined,
both interfaces were dissected using a microspatula with a blunt
circular tip and extracted with microforceps. Subsequently, the
integrity of the lenticule was assessed. The standard manifest
refraction-based paradigm leaves 100% of the ORA uncorrected
postoperatively on the cornea (0% ORA incorporated in the re-
fractive treatment along with the manifest cylinder), whereas the
treatment plan for the VP group involved a combination of 60%
emphasis on the ORA by refractive cylinder and 40% by corneal
astigmatism, with a targeted spherical equivalent of 0.0 D, as
applied in a previous study. This 40%/60% emphasis ratio was
optimized distribution, which was calculated from a previous
study.'” Sim Ks calculated by averaging 3 consecutive values by
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Table 1. Characteristics of eyes that underwent SMILE using manifest refraction planning and vector planning.
Characteristics ' MRx VP | P Value
No. of eyes 68 (R:L = 33:25) 56 (R:L = 31:25) .868
Sex M:F = 31:27 M:F = 31:25 .838
Age, years 25.0 + 4.3 (19 to 39) 26.4 £ 5.2 (19 to 37) 112
Refractive errors (D)

Sphere —-3.33 + 1.53 (-7.50 to —0.37) —3.55 + 1.52 (-6.75 to —0.50) 439

Cylindrical -0.87 £ 050 (-2.00t00.00) | -0.88 +0.58 (~2.50t0 0.00) | 912

SE -8.77 £ 1.59 (-8.06 t0 —0.81) | —3.99 + 1.60 (~7.19 o —0.75) | 448
Planned cylinder correction -0.87 £ 0.50 (-2.00t0 0.00) | —1.30 £ 0.61 (~3.10 to —0.30) <.001*
LogMAR CDVA —0.06 + 0.06 (~0.18 to 0.05) —0.04 + 0.05 (—0.18 to 0.05) 116
LogMAR UDVA 1.15 + 0.38 (0.30 to 2.00) 1.16 + 0.36 (0.22 to 2.00) .885
CcCcT 551.64 = 27.28 (493 to 602) 555.80 + 22.64 (508 to 620) 378
Optical zone (mm) 6.53 = 0.09 (6.20 to 6.70) 6.50 + 0.06 (6.30 to 6.70) | .054
Lenticule thickness (um) 92.31 + 22.58 (39 to 146) 96.64 + 23.10 (54 to 150) f 313
Mean K (D) 43.21 + 1.24 (40.95 to 46.85) 43.53 + 1.09 (40.80 to 46.15) 137
Corneal toricity (D) 1.86 + 0.53 (0.80 to 2.80) 1.78 £ 0.58 (0.70 to 3.50) 455
ORA (D) 1.11 £ 0.27 (0.75 to 1.90) g 1.05 + 0.22 (0.75 to 1.89) 187

CCT = central corneal thickness; CDVA = corrected distance visual acuity; logMAR = logarithm of the minimum angle of resolution; MRx = manifest refraction
group; ORA = ocular residual astigmatism; SE = spherical equivalent; SMILE = small-incision lenticule extraction; UDVA = uncorrected distance visual acuity;

VP = vector planning group
Results are expressed as mean = SD (range).

Scheimpflug-based corneal topography examinations were used
for the corneal astigmatism in the VP group. Postoperatively,
0.5% topical levofloxacin (Cravit, Santen Pharmaceutical Co.,
Ltd.) and 0.1% fluorometholone (FML, Allergan, Inc.) were
applied every 2 hours for 1 day and then 4 times a day for
1 month, and thereafter, the dose was gradually lessened over
the following 3 months.

Statistical Analysis

In a previous study that compared between manifest refraction
and VP LASIK, 68% in the manifest refraction planning group and
90% in the VP group achieved SE within 0.13 D of the intended
value.' The calculated sample size was 53 or more in each group
when we set the power to 0.80 and a to 0.05. Results are expressed
as mean £ SD or SE. The Student f test was used to determine
significant differences between the groups. Linear regression
analyses were performed to compare achieved vs attempted
outcomes. Vector analyses using the Alpins method were per-
formed, and the accuracy of the calculations was confirmed by
using the ASSORT ISRS calculator, using corneal measurements
as an objective means of confirming equivalent/parallel treatment
effects in both groups.'"'" ' In corneal vector analysis, we used
the actual corneal refractive index (1.376), rather than the

keratometric refractive index (1.3375), because the keratometric
refractive index does not apply to post-ablated cornea, as this
assumes a change in the posterior cornea, which is not the case
with ablations. "’ The postoperative refractive target for the VP group
was not a zero cylinder, as the VP method uses a combination of
refractive and corneal astigmatism. The postoperative manifest
refraction can be affected by several factors, including examiner
bias for zero refractive cylinder, reduced corneal astigmatism, and
adaption and accommodation. Previous studies using VP have
shown that because of the greater reduction in corneal astig-
matism postoperatively compared with treatment based on re-
fractive parameters alone, the measured postoperative refractive
cylinder is actually less than the targeted amount, most likely due
to the better corneal shape resulting from VP. Therefore, an
objective corneal vector analysis has been used in this study.
Statistical analyses were performed using SPSS statistics software
(version 23, IBM Corporation). Differences were considered
statistically significant if the P value was <.05.

RESULTS

In total, 114 eyes of 114 patients who had an ORA 20.75 D
and underwent SMILE with manifest refraction planning
(58 eyes) or VP (56 eyes) were evaluated. The baseline

Table 2. Comparison of postoperative visual acuity and refractive errors of patients who underwent SMILE using manifest
refraction planning and vector planning.

MRx VP P Value
LogMAR UDVA —0.08 + 0.05 (~0.18 to 0.00) —0.06 = 0.05 (—0.18 to 0.00) 170
LogMAR CDVA ~0.09 £ 0.05 (-0.18 to 0.00) —0.07 + 0.05 (-0.18 to 0.00) .207
Sphere (D) 0.18 + 0.25 (-0.50 to 0.75) 0.11 £ 0.22 (-0.50 to 0.75) | 120
Cylindrical (D) -0.22£0.18(-0.75t0 0.000 | -0.14x0.16(-062t00.00) | .009*
SE (D) 0.07 + 0.22 (-0.50 to 0.50) 0.05 + 0.22 (-0.50 to 0.63) 528
Mean K (D) 30.82 + 1.62 (36.25 to 43.05) 39.93 £ 1.33 (36.60 to 42.65) .684
Comeal toricity (D) ! 1.10 = 0.37 (0.20 to 1.90) 0.84 = 0.39 (0.10 to 1.60) <.001*
ORA (D) [ 1.01 £ 0.29 (0.30 to 1.65) 0.85 £ 0.32 (0.10 to 1.35) .006*

CDVA = corrected distance visual acuity; logMAR = logarithm of the minimum angle of resolution; MRx = manifest refraction group; ORA = ocular residual
astigmatism; SE = spherical equivalent; SMILE = small-incision lenticule extraction; UDVA = uncorrected distance visual acuity; VP = vector planning group

Results are expressed as mean = SD (range).
‘Significantly different between MRx and VP groups using the t test,
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characteristics of the 2 groups of patients are shown in
Table 1. There were no statistically significant differ-
ences in baseline demographics between the 2 groups.
The preoperative ORA did not differ significantly be-
tween the manifest refraction group and the VP group
(P = .187).

A BB VP PostopUDVA B MRx Postop UDVA

Visual Acuity, Efficacy, and Safety

The mean logarithm of the minimum angle of resolution
UDVA was significantly improved 6 months post-
operatively in both groups (P <.001, Tables 1 and 2). The
postoperative UDV A was 20/12.5 or better in 9 (16%) and 4
(7%) eyes and 20/16 or better in 46 (79%) and 40 (72%) eyes
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m Figure 2. Comparative distri-
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i o 6-month postoperative ocular
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in the manifest refraction planning and VP groups, re-
spectively (Figure 1). Although 1 eye (2%) in the manifest
refraction planning group lost 1 line of CDVA, no eyes in
either group lost 2 or more lines of CDVA postoperatively
(Figure 1, C). No significant differences were observed in
postoperative UDVA and CDVA between the VP and
manifest refraction groups. At 6 months postoperatively,
there was no significant difference in the mean efficacy
index (ratio of postoperative UDVA to preoperative
CDVA) between the manifest refraction planning (1.05 +
0.11) and VP (1.06 + 0.11) groups (P = .686). In addition,
there was no significant difference in the mean safety index
(ratio of postoperative to preoperative CDVA) between the
manifest refraction planning (1.07 + 0.13) and VP (1.08 +
0.15) groups (P = .676).

A B

corneal toricity (B) at 6 months
after MRx and VP small-in-
cision lenticule extraction (MRx
= manifest refraction planning;
VP = vector planning).

Corneal Toricity (D)

Refraction
The mean postoperative manifest refraction SE was sig-
nificantly improved after SMILE in both groups (Tables 1|
and 2; P < .001). The accuracy of SE to the intended target
was excellent in both groups. All treated eyes in the
manifest refraction planning group and 55 (98%) eyes in
the VP group achieved SE within 0.5 D of the intended
value (Figure 1, D). The linear regression model of at-
tempted SE vs achieved SE was shown in Figure 1, F, and
there was no significant difference between the 2 groups.
With respect to astigmatism correction, 44 (76%) in the
manifest refraction planning group and 50 (89%) eyes in
the VP group exhibited postoperative cylinders of 0.25 D or
less (P=.03). Moreover, there was a significant difference in
the postoperative cylinder between the manifest refraction

Preoperative Comeal Astigmatism Postoperative Comneal Astigmatism
e VP B MRx e VP B MRx
® Summatedastigmatism mean M Summated astigmatism mean ® Summated astigmatism mean M Summated astigmatism mean
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:1.78D ” 186D :0.84D :1.10D
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Figure 3. Single-angle polar
18 plots of the preoperative (A)
and postoperative (B) corneal
toricity at 6 months after MRx
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080D . 078D 104D extraction (MRx = manifest

refraction planning; VP = vec-
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planning and VP groups (Table 2; P = .02). Figure 1, G
shows the linear regression model between the attempted
target-induced astigmatism (TIA) vector and achieved
surgically induced astigmatism vector (SIA). Higher line-
arity was observed in the VP group (R = 0.91) than in the
manifest refraction group (R* = 0.80). At 6 months post-
operatively, 32 (55%) and 38 (68%) eyes in the manifest
refraction planning and VP groups, respectively, achieved
an angle of error within +5 degrees (Figure 1, H).

Corneal Toricity and ORA

There were significant differences in the postoperative ORA
and corneal toricity between the 2 planning methods; the
VP method showed better results than the manifest re-
fraction planning method (Table 2). Figure 2 illustrates the
distribution of ORA and corneal toricity. At 6 months
postoperatively, 8 (14%) and 22 (39%) eyes in the manifest
refraction planning and VP groups, respectively, achieved
ORA <0.75 D (Figure 2, A). Furthermore, 7 (12%) eyes in

the manifest refraction planning group and 22 (39%) eyes
in the VP group had a postoperative corneal toricity of less
than 0.75 D (Figure 2, B). The arithmetic mean corneal
toricity was reduced in both groups, but a greater decrease
in the VP group (Tables | and 2). The summated corneal
astigmatism mean also reduced from 1.80 Ax 90 to 1.05 Ax
93 in the manifest refraction planning group and from 1.71
Ax 92 to 0.76 Ax 89 in the VP group, and the summated
refractive astigmatism mean also reduced from 0.75 Ax 178
t0 0.09 Ax 8 in the manifest refraction planning group and
from 0.74 Ax 178 to 0.02 Ax 85 in the VP group (Figure 3
and Figure S1, available at http:/jcrsjournal.org). The re-
sults in the VP group were significantly better than those in
the manifest refraction planning group.

Vector Analysis

Vector analysis of astigmatism was performed using
the Alpins method. The results of corneal vector analy-
sis are shown in Figure 4 and Figure S2 (available at

A Target Induced Astigmatism Vector B Surgically Induced Astigmatism Vector
o VP B MRx oVP B MRx
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http://jcrsjournal.org). Table 3 shows the results of corneal
vector analysis at 6 months postoperatively. As the amount
of treated cylinder in the VP group was larger than that in
the manifest refraction planning group, TIA and SIA were
both significantly higher in the vector planning group.
Difference vector, index of success, absolute values of angle
of error, and magnitude of error were not significantly
different between the 2 groups. The summated vector mean
of corneal difference vector was 0.12 Ax 74 in the manifest
refraction planning group and 0.13 Ax 148 in the VP group.
The correction index was 1.24 in the manifest refraction
planning group and 0.98 in the VP group, denoting a sig-
nificant difference. The linear regression model of TIA vs
SIA using corneal vector analysis including cardinal and
oblique astigmatism is shown in Figure 4. The slopes be-
tween TIA and SIA were closer to 1 in the VP group, and
a higher linearity was observed in the VP group.

HOA

Fable 4 and Figure 5 demonstrate the changes in corneal
aberrations in the 2 groups. The total corneal root mean
square HOAs were significantly induced after SMILE in both
groups (manifest refraction planning, P < .001; VP, P < .001).
The spherical aberration and coma were also increased
postoperatively in the both groups. There were no significant
differences in corneal root mean square HOAs, spherical
aberration, or coma between the groups. The corneal trefoil
was significantly reduced in the manifest refraction planning
group, but no change was observed in the VP group; however,
the absolute and delta values of corneal trefoil were not
significantly different between the 2 groups.

DISCUSSION

In this study, we evaluated the clinical outcomes of manifest
refraction planning and VP in SMILE in patients with
myopic astigmatism with ORA 20.75 D. The visual out-
comes of this study indicated that both methods for
astigmatism correction in SMILE are safe and effective for
myopic eyes with high ORA as previously shown in

i il VP
@B MRx

N . T s T T
S & IF S &F &F & &

C®
RMS HOA

Q‘q" thoﬁ tho
SphAb Trefoil
Figure 5. Changes in HOAs at 6 months after MRx and VP small-
incision lenticule extraction. Data are presented as mean = standard
error of the mean; *P < .05 (HOA = higher-order aberration; MRx =
manifest refraction planning; ns = not significant; RMS = root mean
square; SphAb = spherical aberration; VP = vector planning).

LASIK." There were no significant differences in the effi-
cacy and safety indices and postoperative visual acuity
between the 2 groups. However, postoperative refractive
astigmatism, corneal toricity, and ORA were superior with
the VP approach.

A large ORA has meaningful clinical implications; it may
result in suboptimal visual outcomes after laser refractive
corneal surgery, although a few studies found no associ-
ation between ORA and surgical outcomes.”” """ The
findings in those studies supported Alpins’ suggestion that
incorporation of topography and refractive value may be
necessary to treat patients with significant ORA pre-
operatively.' A recent study reported that postoperative
refractive astigmatism and index of success were signifi-
cantly higher in the high ORA group, and the authors
suggested that the VP method could improve postoperative
visual outcomes after SMILE."

Several attempts have been made to improve post-
operative clinical outcomes in patients with high ORA.*' *"
Recently, Arbelaez et al. compared manifest refraction-
based planning and VP, which is based on VP with
a 60% emphasis on the ORA by manifest refraction and
a 40% empbhasis by corneal astigmatism LASIK in eyes with
ORA 20.75 D, which otherwise would have been com-
pletely directed to the cornea to neutralize the internal
aberrations.' The VP approach elicited comparable visual
outcomes, higher accuracy, and lower postoperative corneal
toricity compared with the manifest refraction planning
group.'

In the current study, visual outcomes in SMILE were
observed to be comparable between the manifest refraction
planning and the VP groups, similar to the findings in
LASIK.' More importantly, we found that the postoperative
ORA and corneal toricity were better in the VP group.
Although the postoperative refractive cylinder was com-
parable between the 2 groups in LASIK, it was lower in the
VP group in SMILE (Figure 3). Overall, the VP strategy led
to considerably better astigmatism correction, including
refractive and corneal astigmatism, in SMILE.

The different outcomes of VP between LASIK and
SMILE may be due to a difference in postoperative tissue
remodeling between SMILE (which removes the lenticule
without creating a flap) and LASIK (which involves ab-
lation of corneal tissue using excimer laser). Less post-
operative cylinder in the VP group may be associated with
less postoperative corneal toricity and adaptation. Fur-
thermore, in corneal vector analysis, the correction index
was more accurate in the VP group (0.98) than in the
manifest refraction group (1.24). In addition, higher line-
arity and slope, closer to 1, between TIA and SIA were
observed in the VP group (Figure 4). Although it may be
affected by significantly lower TIA in the manifest re-
fraction group, another hypothesis is that the toric cornea is
forced to adapt to a flatter spherical interface in SMILE;
hence, the steep meridian of the cornea actually suffers
more deformation than the flat meridian. This may explain
why SMILE is less predictable in corneas with high toricity;
however, VP may help in SMILE because it is closer to the
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manifest refraction planning and vector planning.

Table 3. Comparison of comeal vector analysis parameters of topographic changes of patients who underwent SMILE using

Total Eyes
MRx VP P Value
TIA 0.79 £ 0.45 (0.00 to 1.78) 1.17 + 0.53 (0.27 to 2.73) <.001
SIA | 0.97 + 0.49 (0.19 to 2.36) 1.21 + 0.63 (0.17 to 2.93) .022°
DV 0.43 + 0.26 (0.03 to 1.18) 0.52 £ 0.24 (0.11 to 1.08) i 067
cl 1.24 + 1.54 (0.39 to 3.39) 0.98 + 1.57 (0.29 to 2.52) .005"
I0S 0.52 + 2.45 (0.03 to 2.90) 0.43 + 2,03 (0.08 to 1.93) 240
AofE —2.78 + 17.57 (—68 to 37) 3.84 + 13.28 (-33 to 52) .026*
|AofE] 12,60 + 12.44 (0 to 68) 9.46 + 10.01 (0 to 52) 143
MofE 0.17 £ 0.35 (-0.72 to 1.18) 0.04 + 0.41 (—0.65 to 0.89) ! .058
|MofE| 0.29 + 0.25 (0.00 to 1.18) 0.33 = 0.24 (0.00 to 0.89) | 418

AofE = angle of error; Cl = correction index; DV = difference vector; I0S = index of success; MofE = magnitude of error; MRx = manifest refraction group; SIA =
surgically induced astigmatism; SMILE = small-incision lenticule extraction; TIA = target-induced astigmatism; VP = vector planning group
Results are expressed as mean + SD (range). Cl and IOS are presented as geometric mean, and other values are presented as arithmetic mean.

*Significantly different between MRx and VP groups using a Student f test.

Table 4. Comparison of comeal aberrations of eyes that underwent SMILE using manifest refraction planning and vector
planning.
! RMS HOA Spherical Aberration
MRx VP P Value MRx _ VP | PValue

Preoperative | 0.43 £ 0.13 (0.29 to 0.86)| 0.41 £ 0.09 (0.21 t0 0.66)| .421 |0.22 + 0,07 (0.09 to 0.36)| 0.23 + 0.09 (0.02 to 0.38)i 595
6 month 052 £0.12 (024 0 0.85) 0.51 £ 0.13 (0.20t0 0.74)| .890 |0.27 + 0.13 (0.01 to0 0.59) 0.28 + 0.12 (~0.10t0 0.53) 836
P value (vs <.001* | <.001* .001" .002*

preoperative) | ! |
A (preoperative 0.09 +0.15 (—0.34 t0 0.39)0.10 + 0.15 (-0.33 t0 0.45) .622 0.05+0.11 (-0.15to 0.32)0.05 £ 0.11 (-0.3210 0.30) .884

vs 6 month) |

HOA = higher-order aberration; MRx = manifest refraction group; RMS = root mean square; SMILE = small-incision lenticule extraction: VP = vector planning

group; A = change
Results are expressed as mean + SD (range).
P value < .05.

corneal toricity orientation than manifest refraction
planning treatment.

The limitations of this study include its relatively small
sample size and lack of evaluation of functional visual
quality or visual symptoms. Although the post hoc power
calculation in postoperative corneal toricity was 0.95,
that of refractive cylinder and ORA was 0.71 and 0.73,
respectively, which is considered to be slightly low.
Nonetheless, we believe that the current study is valuable,
as to our knowledge, it is the first investigation of VP
strategy in SMILE in eyes with high ORA. Furthermore,
the current study was designed as a prospective ran-
domized comparative case series, although it is not
adouble-blind trial. This study may resolve some efficacy
concerns related to astigmatism undercorrection in
SMILE.

In conclusion, although both manifest refraction plan-
ning and VP in SMILE were safe and effective and yielded
comparable visual outcomes in myopic astigmatism with
high ORA, the postoperative refractive cylinder, corneal
toricity, and ORA were significantly reduced in the VP
approach. Therefore, we recommend the use of the VP
strategy in SMILE for treating myopic astigmatism of eyes

with high ORA to improve the predictability and accuracy
of astigmatism correction.

WHAT WAS KNOWN

® High ocular residual astigmatism (ORA) and high corneal
astigmatism cause less predictable refractive outcomes
after laser refractive surgery (LASIK, LASEK, and small-
incision lenticule extraction [SMILE]).

*® In patients with high ORA, the vector planning (VP) ap-
proach in LASIK for myopic astigmatism treatment
showed comparable visual outcomes and lower post-
operative corneal toricity compared with manifest re-
fraction planning.

WHAT THIS PAPER ADDS

* Performing SMILE for myopic astigmatism using the VP
method in patients with high ORA resulted in safe, excellent,
and predictable clinical outcomes, which is comparable to
manifest refraction-based planning in visual acuity and
higher-order aberrations.

* The postoperative refractive and corneal astigmatism and
ORA correction were less in the VP method than in
manifest refraction planning for SMILE in high ORA
patients.
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Table 3. Continued
Right Eyes Left Eyes
T
MRx VP PValue MRx [ VP P Value
0.76 + 0.45 (0.00 to 1.61) 1.17 £ 0.56 (0.36 to 2.73) 002" 0.84 + 0.46 (0.24 t0 1.78) 1.18 + 0.50 (0.27 to 2.20) .0158*
0.92 + 0.43 (0.21 to 1.80) 1.28 £ 0.66 (0.26 to 2.93) 027" 1.08 = 0.56 (0.19 to 2.36) 1.19 £ 0.61 (0.17 to 2.55) .349
0.40 + 0.25 (0.08 to 1.18) 0.53 + 0.26 (0.11 to 1.08) 035" 0.48 + 0.28 (0.03 to 1.16) 0.50 + 0.22 (0.12 to 0.90) 731
1.26 = 1.54 (0.53 to 3.28) 1.01 £ 1.54 (0.29 to 2.30) .048* 1.22 £ 1.54 (0.39 to 3.39) 0.95 + 1.58 (0.34 to 2.52) 052
0.50 + 2.42 (0.09 to 2.90) 0.44 + 2.04 (0.08 to 1.93) 529 0.54 + 2.53 (0.03 to 2.64) 0.42 + 2.05 (0.10 to 1.77) .303
—1.02 £ 15.75 (—44 to 37) 6.04 + 13.80 (—10 to 52) 064 —5.03 + 19.75 (—68 to 27) 1.11 £ 12.34 (-33 to 28) 194
11.73 £ 10.35 (0 to 44) 10.20 + 10.98 (0 to 52) 569 13.71 + 14.86 (0 to 68) 8.56 + 8.79 (0 to 33) 142
0.15+0.33 (-0.72 10 1.18) | 0.06 = 0.42 (—0.64 to 0.80) 317 0.20 + 0.38 (-0.45 to 1.05) | 0.01 + 0.40 (—0.65 to 0.89) .095
0.27 + 0.25 (0.00 to 1.18) 0.34 + 0.24 (0.00 to 0.80) 238 0.33 = 0.26 (0.00 to 1.05) 0.32 + 0.24 (0.00 to 0.89) 911
Table 4. Continued
Coma Trefoil
MRx VP P Value MRx VP PValue
0.23 £ 0.13 (0.04 to 0.66) 0.22 £ 0.10 (0.08 to 0.51) 512 0.21 + 0.09 (0.07 to 0.45) 0.18 + 0.09 (0.06 to 0.50) .086
0.29 + 0.14 (0.04 to 0.64) 0.29 + 0.14 (0.05 to 0.58) .802 0.18 + 0.08 (0.07 to 0.39) 0.17 + 0.09 (0.01 to 0.44) 350
008" .003" 006" 077
0.06 + 0.16 (-0.29 to 0.41) |0.07 + 0.16 (—-0.29 to 0.48) .790 -0.03 + 0.09 (-0.18 t0 0.22) | —0.02 + 0.08 (-0.19 to 0.17) 377
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000 Comparison of clinical outcomes between vector planning and manifest
refraction planning in small-incision lenticule extraction for myopic
astigmatism
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Alpins, AM, FRANZCO, FRCOphth, FACS, Dan Reinstein, MD, Seung Ki Jean, BS, Eung
Kweon Kim, MD, PhD, Kyoung Yul Seo, MD, PhD, Hyung Keun Lee, MD, PhD, Tae-im
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Vector planning was effective with comparable visual outcomes with a conventional manifest
refraction method, however showed less corneal and refractive astigmatism, and more ocular
residual astigmatism (ORA) reduction in high ORA patients during small-incision lenticule
extraction.
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