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Abstract

Objectives: To evaluate a new corneal remodeling technique of LASEK with laser asymmetric keratectomy combined colla-

gen cross linking (L-LAK-CXL) in myopic patients with keratoconus suspect (KCS)

Methods: 23-40-year-old four myopic (-1.75 - -4.75 D) patients (4 eyes), of KCS with focal corneal steepening over +47.0 D
and peripheral asymmetric corneal thickness were included in this study. L-LAK-CXL was performed both original ablation
of refractive errors and customization ablation of thicker peripheral cornea (50-76 um) selectively and myopic change (-1.25
- -1.75D) due to the ablation of eripheral thicker cornea simultaneously under intergration of Vision Up software, and then
performed CXL without epithelium. We measured pre-and postoperative ocular findings including the sum of corneal thick-

ness deviations in four directions (SUM), decenteration of the thinnest point (DISTANCE), and TBUT.

Results: SE (D, average) decreased fr om -3.44 preoperatively to -0.34 postoperatively. UDVA (LogMAR, average) increased
from 0.93 preoperatively to 0.00 at postoperative and Kmax (average, D) had decreased from +48.00 preoperatively to
+43.88 at postoperative, IOP and pupil size were similar between pre- and postoperative. Central pachymetry (um, average)
decreased from 581 to 508. Postoperative corneal symmetry increased markedly due to decreased SUM and DISTANCE
(from 165 to 63pum, from 1.02 to 0.28, respectively). TBUT (seconds) increased from 5.78 preoperatively to 18.56 postopera-

tively. There was no postoperative corneal ectasia.

Conclusion: L-LAK- CXL improved corneal symmetry in four myopic patients with KCS by reducing the SUM, DIS-

TANCE, increasing TBUT and showing good postoperative visual outcomes.
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Introduction

Keratoconus (KC) is a well-defined progressive
corneal ectasia characterized by steepening corneal curva-
ture, changes in refractive error and changes in corneal

thickness that result in visual impairment [1].

Definition of keratoconus suspect (KCS) is not
defined, and there are several opinions for definition [1-9].
KCS has been showed focal steepening maybe over +47.0 D,
an asymmetrical, truncated or skewed-axis bowtie [2], cen-
tral corneal thickness less than 500um, oblique astigmatism
more than 1.5D [3] but did not result in visual impairment.
On diagnosis of KCS, Scheimpflug corneal topography and
epithelial mapping by corneal OCT were currently used
[10,11].

True KCS are an absolute contraindication to
LASIK or photorefractive keratectomy due to postoperative

ectasia [12].

Of these findings of KCS, focal steepening over
+47.0 D and peripheral corneal asymmetry of the thickness
could be very important because of the possibility of post-
LASIK or PRK corneal ectasia. In myopic patients with topo-
graphic asymmetry of the corneal thickness and steep
corneal curvature more than +47.0D, LASIK or PRK only
cannot avoid postoperative corneal ectatic changes, possibly
the postoperative thinner regions of the cornea are more
likely to be steepened as a result of corneal biomechanical in-
teraction of corneal thickness, corneal stiffness and intraocu-
lar pressure, leading to increased changes in optical aberra-
tions [13,14]. The introduction of eccentric thinning was re-
quired to produce asymmetric displacement and an eccen-
tric peak in dioptric curvature value if a normal elastic mod-
ulus was use [14]. Recently laser asymmetric keratectomy
(LAK) as customization method, integrated with Vision Up
software (Well C, Busan, South Korea) has yielded good re-
sults and the maintenance of corneal symmetry in myopic
patients with peripheral asymmetric cornea of the thickness
because it could ablate only thicker peripheral cornea selec-

tively as customization method [15-20].
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In collagen cross linking, riboflavin (vitamin B2) is
administered in conjunction with ultraviolet A (UVA, 365n-
m). The interaction of riboflavin and UV A cause formation
of reactive oxygen species, leading to the formation of addi-
tional covalent bonds between collagen molecules, with

consequent biomechanical stiffing of the cornea [21-23].

The present study showed the initial result of a
new corneal remodeling technique of L-LAK-CXL to cor-
rect refractive errors (original ablation) and peripheral
corneal asymmetry of the thickness (customization abla-
tion) simultaneously, in myopic patient with KCS, accom-
panied by peripheral asymmetry of corneal thickness (a
SUM of 280 pum) and focal corneal steepening (Kmax) over

+ 47.0 diopters.

Methods

This retrospective study included patients who
were treated at the Woori Eye Clinic between February
2019 and October 2020. This study was conducted in accor-
dance with the Declaration of Helsinki of 1975, as revised in
1983, and was approved by the Korean National Institute
for Bioethics Policy (approval number: PO1- 202206 -01-
016). Written informed consent was obtained from the pa-
tient for publication of the details of their medical case and

any accompanying images.

KCS was coined for corneal topography with ab-
normal localized steepening over +47.00 D or an asymmet-
ric bowtie pattern, a normal-appearing cornea on slit lamp
biomicroscope, and at least 1 of the following signs: minor
topographic asymmetry oblique cylinder greater than 1.50
D, central corneal thickness less than 500 pm, or clinical KC
in the fellow eye [1-9]. Additionally, the increase with a posi-
tive sign of the posterior coma to 90° were presented on
Scheimpfug pacido topography (Pentacam, Oculus, Wet-
zlar, Germany) [10].

Of patients with KCS who were treated at the
Woori Eye Clinic between February 2019 and October

2020.Inclusion criterias in this study were 1. who under-
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went L-LAK-CXL, 2. Who showed myopia of more than
-1.0 diopter, 3. KCS manifesting both corneal focal steepen-
ing (Kmax) > +47.0 D and minor topographic asymmetry
(SUM) 80 pm), 4. 20/20 in corrected vision, and 5. postop-
erative follow-up check over 1 year. Patients with follow-up
examination under 1 year, history of other ocular opera-
tions or trauma, pregnancy or lactation, glaucoma, and caus-
es of ocular astigmatism were excluded. The pre- and post-
L-LAK-CXL results were analyzed.

Patients with refractive errors underwent L-LAK
using a 193-nm ISO-D 200 laser (Kera Harvest Inc., Tai-
wan). Laser correction was performed by the same surgeon
(BM Min) using an identical method [15-20] for all pa-
tients. Local anesthesia was induced by instillation of 0.50%
propacaine hydrochloride (Alcaine, Alcon NV, Vilvoorde,
Belgium). For LASEK, a 9.0-9.5-mm diameter patch of
corneal epithelium was removed with a brush. For refrac-
tive correction, laser ablation was performed in the 6.0 - 6.5
mm optic zone and more 2.0 mm transitional zone to cor-
rect myopia and astigmatism. To perform LAK [15-20], we
used the Vision-Up software (WellC, Busan, Republic of Ko-
rea) to analyze the corneal deviations based on Orbscan II
(Bausch & Lomb, Bridgewater, NJ, USA) corneal maps. Th-
ese also served as predictors of corneal myopic change as a

result of the removal of the thicker corneal regions, as

determined by LAK. Therefore, we were able to

ablate the cornea to create central symmetry without chang-

PonsscaN

ing the refractive power [15-20]. The following variables
were analyzed: the pre- and postoperative (for L-LAK-
CXL); uncorrected distance visual acuity (UDVA), spherical
equivalent (SE), sphere, cylinder, intraocular pressure
(I0P), kappa angle on Orbscan map, central corneal thick-
ness (CP), pupil size, SUM (um), and distance between the
maximum posterior elevation (best-fit-sphere [BFS]) and
the visual axis (DISTANCE; mm). The refraction was mea-
sured using an auto refractometer/keratometer and was cal-

culated as the SE.

UDVA was measured at a distance of 6 m, and
was converted to the logarithm of the minimum angle of res-
olution (LogMAR). TBUT, tear osmolarity were measured
with Keratograph 4 (Oculus, Germany).

Pre- and postoperative deviations in corneal thick-
ness (SUM) and DISTANCE were analyzed using the identi-
cal method [15-20].

Surgical Technique of L-LAK-CXL

All patients were operated under administration.
To perform corneal remodeling with L-LAK [15-20], we
used the Vision-Up software (Well C, Busan, Republic of
Korea) toanalyze the corneal deviations based on Orbscan
IT (Bausch & Lomb, Bridgewater, NJ, USA) corneal maps
(Figure 1) to predict the amount of ablation on a thicker
corneal region and to determine the direction of the axis (de-

gree) (Figure 2a).

0010 mm Color seps Elvaton 67
Anterior - e oazmmsz o
Q

Figure 1: Pre-L-LAK-CXL Orbscan map . Right bottom shows a pachymetric map: an example of measuring the differences in thickness be-
tween symmetrically opposed points is shown on the pachymetric map (0-180°, 45-225°, 90-270°, and 135-315°): 0-180°: 13 pm; 45-225° 19

um; 90-270° 49 pm; 135-315°:48 um; total (SUM): 129 pum. Right top map: Measuring the distance between the maximum posterior elevation
(best-fit-sphere; BES) and the visual axis (DISTANCE :1.20). Corneal apex: temporally deviated (right upper red circle). The thinnest point

(X,Y) is indicated by the lower red square, and the posterior high on thicker cornea, and front elevation on the thinner cornea is also shown.
Kmax is 47.3 D
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These also served as predictors of corneal myopic
change as a result of the removal of the thicker corneal re-
gions (customization ablation, Figure 2a), as determined by
LAK. We operated original ablation for original refractive
errors (Figure 2b) and customization ablation (Figures 2a)

for both the thicker peripheral cornea and the central

4

cornea to correct myopic shift due to LAK simultaneously
with the same laser machine of a 193-nm ISO-D 200 laser
(Kera Harvest Inc., Taiwan). Therefore, we were able to
ablate the cornea to create central symmetry withoutchang-
ing the refractive power (Figure 2c, and 3). Intraoperatively,
optic zone (mm) in L- LAKwas 6.4, transitional zone (mm)

was from 6.4 to 8.4.

Figure 2: L-LAK plan

(a). Customization ablation plan (LAK planning) of case 1 of both
the thicker peripheral cornea and myopic shift (-1.50 D) on the

(b). Original ablation plan of refractive errors (-4.0=-1.0 180°) of

(c). L-LAK ablation plan (total ablation= original ablation + cus-
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Figure 3: Post operatver-L-LAK-CXL Orbscan map. Right bottom pachymetric map: an example of measuring the differences in thickness be-
tween symmetrically opposed points is shown on the pachymetric map (0-180°, 45-225°, 90-270°, and 135-315°): 0-180°: 24 pm; 45-225°: 6
pm; 90-270° 4 pm; 135-315°: 28 pm; total (SUM): 62 um. Left bottom power map: nasal purple-colored LAK ablation pattern on thicker pe-
ripheral cornea. Right top map: shows the measured distance between the maximum posterior elevation (best-fit-sphere; BFS) and the visual

axis (DIATANCE: 0.20). Corneal apex: centered (right upper red circle). The thinnest point (X, Y) is indicated by the lower red square. Kmax

is 44.8 D
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CXL [21-23] was performed after L-LAK under
the epithelium off state. 0.1% Riboflavin (10mg riboflav-
in-5-phosphate in 10 mL dextran-T-500 20% solution)
(Vibe X: Avedro Inc., Waltham, MA, USA) was adminis-
tered topically every 5 minutes for 30 minutes. Before UV ir-
radiation, the surgeon confirmed that the riboflavin was ful-
ly absorbed into the corneal stroma by slit lamp inspection
and the presence of a riboflavin flare in the anterior cham-
ber. The cornea was exposed to UV light with a wavelength
of 370 nm and irradiance of 3.0 mW/cm2 of UVA light
(Avedro Inc., Boston, MA, USA) for a total time of 30 min-

utes, and then T-lens fitted. After close observation postop-

eratively, discharged. Topical antibiotic (Vigamox; Alcon,
Fort Worth, Tx, USA) were instillated every 6 hour for 1
week, and steroid eye solution (Ocumetholone; Samil Phar-
maceutical, Seoul, Republic of Korea) were instillated every

6 hour for 6 weeks.

Results

The age range of the patients was 23-40 years (av-
erage: 31.8 years). The male-to-female ratio was 1:1, follow
up periods (months) were 18-30 (average 23.8). Follow up
period (months) was from 18 to 30 (average 24) (Table 1).

Table 1: Patients Findings

No of case 1 2 3 4
Age(year) 40 40 23 24
Male(M) / Female(F) F F M M
Right(R) / Left(L) F L R R
Follow up(months) 18 23 24 30

Intraoperatively, optic zone (mm) was 6.4, abla-
tion depth (um) was 45-96 (average: 69) in the central

cornea and 50-76(average 64) in peripheral cornea, myopic

shift (diopters) due to LAK-SCAP was -1.25 - -1.75 (aver-
age: 1.50), residual stromal depth (um) was 390-461 (aver-
age: 438) for L-LAK (Table 2).

Table 2: Intra L-LAK findings

No of case

Optic zone(mm)

64 | 64 | 64 | 64

Ablation depth(um)Central cornea(original ablation)Peripheral asymmetric ablation (customization ablation) | 9676

4670 | 9060 | 4550

Residual stromal depth(um)

390 | 461 | 444 | 457

Myopic changes due to LAK(D)

-1.50 | -1.75 | -1.50 | -1.25

Abbreviations: LAK, laser asymmetric keratectomy; D, dioters

For pre and postoperative findings (Table 3), SE
(diopters) were -1.75 - -5.50 (average: - 3.44), but 0 - -0.50
(average: -0.34) after L-LAK-CXL, IOP and pupil size were
similar between pre and postoperative. The UDVA (Log-

MAR) had increased after L-LAK-CAL (from an average of
0.93 to 0.00); hence, the L-LAK-CXL exhibited good out-
comes for SE and UDVA. There were no cylindrical axial

changes.

Table 3: Preoperative and postoperative dermatology

Items Preoperative Postoperative
No of case 1 2 3 4 1 2 3 4
SE(D) -4.5 -1.75 -4.75 -2.75 -0.5 0 -0.37 -0.5
Sphere (D) -4 -1 -3.25 -2.75 -0.5 0 0 -0.5
Cylinder (D) -1 -1.5 -3 0 0 0 -0.75 0
JScholar Publishers J Ophthalmol Open Access 2023 | Vol 7: 102



UDVA (LogMAR) 1 0.8 1 0.9 0 0 0 0
IOP (mmHg) 14 15 16 14 14 16 15 14
Pupil size (mm) 4.7 4.7 4.8 4.2 4.9 4.6 4.7 4

Abbreviations: SE, spherical equivalent; D, dioters; UDVA, uncorrected distance visual acuity; LogMAR, the logarithm of the minimum an-

gle of resolution; IOP, intraocular pressure

And the CP (um) had decreased postoperatively and Kmax were decreased postoperatively (from 44.96 to
(from an average of 581 to 508). In keratometry, Kmean 42.65 and from 48.00 to 43.88, respectively) (Table. 4).

Table 4: Comparative keratometric and pachymetric findings between preoperative and postoperative

Items Preoperative Postoperative
No of case 1 2 3 4 1 2 3 4
Keratometry(D)
Mean K 43.75 46.00 45.80 44.30 39.00 44.80 44.80 42.00
Kmax 47.30 48.40 48.20 48.00 40.60 45.20 45.20 44.50
Pachymetry
CP (um) 577 591 594 562 439 559 501 534

Abbreviations: D, diopters; CP, central pachymetry

Further, the sum of the corneal thickness devia- the visual axis (DISTANCE) decreased (from 165 to 63 um,
tions in four directions (SUM) and the distance between the from 1.02 to 0.28mm, respectively) after the L-LAK-CXL.
maximum posterior elevation (best-fit-sphere [BFS]) and The angle kappa values were lowered after the L-LAK-CXL

(Table 5).

Table 5: Comparative corneal symmetry findings between preoperative and postoperative

Items Preoperative Postoperative
No of case 1 2 3 4 1 2 3 4
SUM (um) 129 203 168 158 60 62 63 66
DISTANCE (mm) 1.20 0.79 0.88 1.21 0.40 0.1 0.40 0.20
Kappa angle(degree) 4.25 3.68 3.87 4.24 221 1.87 2.12 2.20
TBUT was increased postoperatively (from 5.78 to creased postoperatively (from 0.58 to 0.20 mOsmol/L in av-
18.56 seconds in average), and tear osmolarity was de- erage) (Table 6). There was no corneal ectasia postoperative-
ly.

Table 6: Comparative tear film findings between preoperative and postoperative

Items Preoperative Postoperative
No of Case 1 2 3 4 1 2 3 4
TBUT (second) 5.34 4,89 5.56 7.34 14.55 20.22 23.13 16.34
Tear osmolarity (mOsmol/L) 0.75 0.47 0.45 0.64 0.12 0.23 0.32 0.14

Abbreviations: TBUT, tear break out time.

JScholar Publishers J Ophthalmol Open Access 2023 | Vol 7: 102



Discussion

In this study, the SUM on Orbscan map and focal
corneal steepening (Kmax) markedly decreased postopera-
tively, and SE and UDVA showed good outcomes and no
corneal ectatic change after L-LAK-CXL. When the SUM
on an Orbscan map is >80 um (asymmetric cornea), corneal
biomechanical interaction of corneal thickness, corneal stiff-
ness and intraocular pressure causes the protrusion of re-
gions of the cornea that have become thinner after the laser
ablation easily, which steepens the cornea further, leading
to ectasia [15-20,24-26]. With LAK, this parameter might
be markedly decreased; in patients who underwent L-LAK-
CXL, the SUM (um in average) was significantly decreased
from 165, preoperatively to 63 postoperatively. Moreover,
the reduction in DISTANCE (average) between visual axis
center and thinnest point was changed from an average of
1.02 mm to 0.28 mm after L-LAK-CXL. It can be evidence
that means to improvement in corneal symmetricity. So, we
could correct the refractive errors in myopic patients with

KCS without postoperative corneal ectasia [15-20].

In this study topography was assessed with an Orb-
scan map that can calculate SUM and the distance between
the BFS and visual axis (DISTANCE). This method was
quite useful for measuring the symmetry of the cornea cen-
tered on the visual axis [15-20]. But for detecting the earlier
stage of KC, corneal aberrometry findings such as the poste-
rior coma to 90° with Scheimpflug topography and focal
epithelial thinning and epithelial thickness in the thinnest
corneal zone with anterior corneal OCT are currently used
as a indicater [27]. LAK could be executed exactly with the
help of Vision-Up software (Well C, Busan, Republic of Ko-
rea) to analyze the corneal thickness deviations based on
Orbscan IT (Bausch & Lomb, Bridgewater, NJ, USA) corneal
pachymatric maps, and to predict the amounts of ablation
in a thicker corneal region, the direction of axis (degree),
amounts of ablation, and corneal myopic change as a result
of the removal of the thicker corneal regions. Therefore, we
were able to ablate the cornea to create central symmetry
without changing refractive power [15-20]. LAK could be
new customization method15-20 to make symmetric cornea
on KCS, additionally CXL made it keep well [21-23].

For focal corneal steepening (Kmax), the postoper-
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ative Kmax (average) was flatten to +43.88 diopters, com-
pared that of the pre-L-LAK (+48.00 diopters), and also
TBUTs (seconds in average) were markedly increased from
5.78 at pre-L-LAK to 18.56 at post-L-LAK-CXL. It may be
expected that irregular cornea manifesting focal steepening
cornea at pre-L-LAK-CXL could make the tear break easily,
but postoperative even cornea could keep the tear layer well
[28-30]. The relationship between corneal morphology and
TBUT will be studied more in future. There are several limi-
tations in this study. 1. Because L-LAK-CXL is a recently de-
veloped technology, we were able to follow up for short peri-
ods in only four patients with KCS; thus, more studies with
longer follow-up times, with a large number of patients
with KCS were needed, and 2. Changes of corneal dryness
are required in the future to investigate the outcomes, in-
cluding the stability of corneal symmetry and corneal curva-
ture over time. 3. It is necessary to study various races only

by studying only Koreans.

Conclusion

In conclusion L-LAK-CXL, a novel corneal remod-
eling technique, resulted in a decreased SUM and DIS-
TANCE, increased corneal symmetry, and increased TBUT
with good visual outcomes in a myopic patient with kerato-
conus suspect manifesting peripheral asymmetry of corneal
thickness (a SUM of >80 um) and focal corneal steepening

(Kmax) over + 47.0 diopters.
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