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Purpose: This retrospective case control study report includes 4 eyes of 4 patients (aged from 37 to 44 years) with keratoconus 
suspect (KCS) who underwent laser epithelial keratomileusis linked laser asymmetric keratectomy (L-LAK) as corneal remodeling 
technique in order to avoid postoperative corneal ectasia.
Patients and Methods: Four eyes of 4 patients showed corneal topography findings with abnormal localized steep keratometric 
curvature greater than 47.0 D and peripheral corneal thickness asymmetry (Total corneal central thickness deviations in four directions 
on Orbscan map (SUM)≥80 µm). L-LAK could be performed both the original ablation of refractive errors (SE from −1.25 to −5.50 
D) and the customized ablation (selective ablation of the thicker peripheral cornea averaging:64 µm selectively and the central cornea 
of the myopic shift due to LAK averaging-1.50D. The main outcome measures between preoperative and postoperative 2 year were 
refraction, visual acuity (UDVA), keratometry, corneal symmetry evaluating SUM.
Results: After 2 years, SEs (D, average) were −0.34, UDVA (LogMAR) was 0.00. keratometry including Kmax was markedly 
decreased, SUM had diminished markedly. There were no case of postoperative adverse effects.
Conclusion: L-LAK resulted in a decreased SUM, increased corneal symmetry, and no postoperative corneal ectasia with good visual 
outcomes in myopic patients with KCS.
Keywords: keratoconus suspect, corneal remodeling, L-LAK, KCS, linked laser asymmetric keratectomy

Introduction
Keratoconus suspect (KCS) has been one type of three earliest stage keratoconus. Referring to the earliest stage 
keratoconus, three names were widely encountered in the literature: forme fruste keratoconus (FFKC), preclinical or 
subclinical keratoconus, and KCS. For KCS, until now not defined definition, but focal steepening of the cornea over 
+47.0 D or slight bowing on topography, and asymmetric corneal thickness were important findings in diagnosis, and 
other several opinions were showed.1

True KCS is an absolute contraindication to laser refractive surgery (LRS) due to postoperative corneal ectasia,2 

possibly due to the thinner corneal steepening as an interaction of intraocular pressure, corneal stiffness and corneal 
thickness.3

Laser asymmetric keratectomy (LAK) as biomechanical customized method, linked with Vision Up software (Well C, 
approved FDA of Republic of Korea) has reported good results and the improvement of corneal symmetry because it 
could ablate only thicker peripheral cornea selectively.3–6 In evaluating corneal symmetry, SUM (The sum of corneal 
central thickness deviations in four directions on Orbscan map) as a new evaluation index was reported and very 
useful.3–6
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And also, LAK, so called, crescent keratectomy was reported to be good surgical results as corneal remodeling 
technique in patients with KCS, keratoconus.6,7

Laser epithelial keratomileusis linked laser asymmetric keratectomy (L-LAK) corrected refractive powers and also 
reduced SUM; it showed good surgical outcomes without postoperative adverse effects such as myopic regression in 
myopic patients with KCS.6

In this brief report, we will present the surgical techniques and outcomes of L-LAK as customized method to correct 
the refractive powers and also decrease the SUM in order to avoid LRS adverse effects.

Patients and Methods
This pilot study short report is about the surgical technology and postoperative results of L-LAK and included 4 eyes of 4 
myopic patients with KCS. This study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 
1983, and approved by the Korean National Institute for Bioethics Policy (approval No P01-202,101-21-004) as 
retrospective study. Written informed consent was obtained from all subjects involved in the study for publication of 
the details of their medical case and any accompanying images.

L-LAK was performed 4 patients with KCS by Min BM at the Woori Eye Clinic between January 2018 and 
July 2018. KCS was diagnosed as corneal topography findings with abnormal localized steep keratometric curvature 
greater than 47.0 D or an asymmetric bowtie pattern, a normal-appearing cornea on slit lamp biomicroscope, and at least 
1 of the following signs: peripheral corneal thickness asymmetry (SUM≥80 µm), oblique cylinder greater than 1.50 D, 
central corneal thickness less than 500 µm, or clinical KC in the fellow eye.6,8–10

The Vision-Up software3–6 was used to improve corneal shape (Figure 1A). The ablation amount, the direction, range 
of thicker cornea, and the amount of myopic shift due to LAK were evaluated with the Vision-Up software3–6 we could 
ablate the thicker cornea selectively with the excimer laser machine interfaced the Vision Up software, so the cornea 
could be become symmetric cornea without refractive errors (customized ablation, Figure 2), as determined by LAK. In 
four myopic patients (SE from −1.25 to −5.50 D, age from 37 to 44 years) with KCS manifesting focal corneal 
steepening over +47 diopters (average:48.30D) and a SUM of ≥ 80 µm (average:157 µm), L-LAK was recommended 
to improve corneal shape (Table 1). The 7.0 mm optic zone and 7–9 mm in transitional zone were ablated for correcting 
refractive errors without epithelium of a 10.0–10.5-mm in diameter for LASEK.

After analyzing the thicker corneal regions with the Vision-Up software (WellC, Republic of Korea) on topography 
(Figure 1),3–6 we performed original ablation (Figure 2A) and customized ablation (Figure 2B) (selective ablation of the 
thicker peripheral cornea (average:64 µm) and the central cornea of the myopic shift (average:-1.50D) due to LAK with 
the same laser machine of a 193-nm ISO-D 200 laser (Kera Harvest Inc., Taiwan) interfaced with the Vision-Up software 
(WellC, Republic of Korea). So, the cornea was improved shape to be symmetric without the refractive errors (Figure 1B 
and Figure 2C). The following variables were analyzed: the pre- and 2-year postoperative L-LAK spherical equivalent 
(SE), sphere, cylinder, uncorrected distance visual acuity (UDVA, LogMAR), intraocular pressure (IOP), pupil size, 
MeanK, Kmax, central pachymetry (CP), SUM (µm). The refraction was measured using an auto refractometer/ 
keratometer and was calculated as the SE. UDVA was measured at a distance of 3m using the Han Chun Suk visual 
distance acuity chart, and was converted to the logarithm of the minimum angle of resolution (LogMAR). IOPs were 
measured by applanation tonometer. CP, pupil size were measured on Orbscan II. Pre- and postoperative corneal 
symmetry were evaluated by SUM on Orbscan maps3–6 (Figure 1).

Results
Four eyes of four myopic patients (SE:-3.25±1.81 from −1.25 to −5.50 D, age: 41.0±3.2 from 37 to 44 years) underwent 
the L- LAK because of SUM ≥80 µm on Orbscan maps and Kmax ≥47.0D. Three male patients and 1 female patient. 
Intraoperatively, ablation depths (µm) of center and periphery were 72.8±32.5(45–110), 64.0±11.5(50 −76), respectively 
for L- LAK, myopic changes (D) after LAK were −1.50±0.20(−1.25 – −1.75), residual stromal depth (µm) was 391.8 
±18.9(380–420) at L- LAK (Table 1). After 2 years, the UDVA (LogMAR) was better from 0.53 preoperatively to 0.00 
postoperatively; hence, the L- LAK exhibited good visual results, and there was no postoperative cylindrical axial 
changes, the intraocular pressures and pupil size of the patients were similar between pre- and postoperative 2 year. 
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Figure 1 Pre and post-L-LAK Orbscan map of case 1. (A) Pre-L-LAK Orbscan map of case 1. Right bottom shows a pachymetric map: an example of measuring the 
differences in thickness between symmetrically opposed points is shown on the pachymetric map (0–180°, 45–225°, 90–270°, and 135–315°): 0–180°: 33 µm; 
45–225°: 17µm; 90–270°: 8 µm; 135–315°:46 µm; total (SUM): 104 µm. (B) Post-L-LAK Orbscan map of case 1. Right bottom shows a pachymetric map: an 
example of measuring the differences in thickness between symmetrically opposed points is shown on the pachymetric map (0–180°, 45–225°, 90–270°, and 
135–315°): 0–180°: 11 µm; 5–225°: 20µm; 90–270°: 6 µm; 135–315°:13 µm; total (SUM): 50 µm.
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Keratometry (MeanK, Kmax) (diopters) had decreased from +45.40±0.76 to +42.7±1.7, +48.30±0.26 to +44.03±1.29, 
respectively and the CP (µm) had changed from 577.8±18.9 to 513.8±43.8. There were no postoperative complications 
such as, myopic changes, severe dry eye, and halos etc. Further, SUM (µm) had diminished markedly from 156.8±42.1 
preoperative to 59.0±6.1 postoperative (Table 2).

Figure 2 L-LK ablation planning of case 1. (A) Original ablation plan of refractive errors (−3.50=−4.00,180°) of case 1 (B) LAK customized ablation of the thicker 
peripheral cornea evaluated by Vision Up software (Well C, Republic of Korea) on Orbscan II (Bausch & Lomb, Bridgewater, NJ, USA) corneal maps. (C) L-LAK ablation 
plan (total ablation= original ablation + customized ablation+ ablation of induced myopic shift due to LAK).

Table 1 Patients Findings

No. of case Mean±SD 1 2 3 4

Age (year) 41.0±3.2 37 40 43 44

Male(M) / Female (F) M F M M
Right(R) / Left (L) L L R R

Follow up (months) 24±0.0 24 24 24 24

Intraoperative findings
Optic zone (mm) 7.0±0.0 7.0 7.0 7.0 7.0

Ablation depth (um)

Central cornea 72.8±32.5 110 46 90 45
Peripheral asymmetric ablation 64.0±11.5 76 70 60 50

Residual stromal depth (um) 391.8±18.9 382 420 385 380

Myopic shift due to LAK (D) −1.50±0.20 −1.50 −1.75 −1.50 −1.25

Abbreviations: LAK, laser asymmetric keratectomy; D, diopters.

Table 2 Pre- and Post-Operative Findings

Items Preoperative Postoperative 2 Year

No. of Case Mean±SD 1 2 3 4 Mean±SD 1 2 3 4

SE(D) −3.25±1.81 −5.50 −1.25 −3.75 −2.50 −0.34±0.24 −0.50 0 −0.37 −0.50

Sphere (D) −2.31±1.03 −3.50 −1.0 −2.25 −2.50 −0.25±0.29 −0.50 0 0 −0.50
Cylinder (D) −1.88±1.93 −4.00 −0.50 −3.0 0.00 −0.19±0.38 0 0 −0.75 0

UDVA (LogMAR) 0.53±0.44 1 0.8 0.1 0.2 0.0±0.0 0 0 0 0

IOP (mmHg) 13.5±2.1 14 11 16 13 14.8±1.0 14 16 15 14
Pupil size (mm) 4.2±0.6 3.7 4.6 4.7 3.7 4.1±0.6 3.6 4.6 4.7 3.6

Mean K (D) 45.40±0.76 45.50 46.00 45.80 44.307 42.7±1.7 40.80 43.20 44.80 42.00

Kmax (D) 48.30±0.26 48.60 48.40 48.20 48.00 44.03±1.29 42.20 44.20 45.20 44.50
CP (µm) 577.8±18.9 559 596 592 564 513.8±43.8 455 556 508 536

SUM (µm) 156.8±42.1 104 207 158 158 59.0±6.1 59.0 63 62 61

Abbreviations: SE, spherical equivalent; D, diopters; UDVA, uncorrected distance visual acuity; LogMAR, the logarithm of the 
minimum angle of resolution; IOP, intraocular pressure. K, keratometry. CP, central pachymetry, SUM, sum of corneal central 
thickness deviations in four directions on Orbscan map.
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Postoperative 2 year later the SUM and Kmax markedly decreased postoperatively 59.0±6.1 µm, +44.03±1.29D, 
respectively). Good visual outcomes were showed without corneal ectasia after L-LAK (Table 2).

Discussion
All patients with KCS showed steep keratometric curvature greater than 47D, and SUM ≥ 80μm, which was one of the 
most important criteria of KCS. If patients with asymmetric cornea (the SUM ≥80 µm), the thinner corneal portion 
became easily protruded postoperatively due to biomechanical reactions, causing to corneal ectasia.3–6 It is explained that 
asymmetric corneal thickness and uneven curvature could be caused by biomechanical property distribution.3–6

In the patients SUM showed 157 μm in average preoperatively that showed higher than that of the symmetric cornea 
(SUM <80 μm). So Kmax showed over 47.0D. But at postoperative 2 year, SUM, and Kmax showed 59 μm, 44.03D, 
respectively Postoperative even cornea after decreasing corneal steepening over +47D is different than the previous our 
studies of LASIK with LAK in asymmetric cornea, and also in Min JS & Min BM ‘s study, LASIK with LAK reduced 
total corneal thickness deviation, improved corneal symmetry, and reduced blurring scores significantly than in LASIK 
without LAK in patients with SUM 80≥ µm.3

We employed the Orbscan maps for corneal topography visualization rather than the current Sheimpflug techniques. 
SUM can be calculated only on an Orbscan map because these maps feature a central visual axis and, thus, they are very 
useful for measuring symmetry.

Vision-Up software (Well C, Republic of Korea) was newly developed and approved in Republic of Korea, FDA and 
calculated corneal customized ablation plan (amounts of thicker cornea, the direction and range of laser ablation, and 
induced myopia due to LAK), so could be possible to be symmetric cornea and also correct the original refractive errors 
simultaneously.3–6 L-LAK could correct refractive errors (original ablation) and also improve corneal symmetry with 
reducing SUM (crescentic customized ablation), and also could avoid post-LASIK adverse effects including corneal ectasia 
in myopic patients with asymmetric corneal thickness (SUM Orbscan maps >80 µm).3–6 LAK could be new corneal 
remodeling method to make symmetric cornea on KCS or keratoconus with peripheral asymmetry of corneal thickness.6

LAK reduced SUM, improved corneal symmetry, could resolve shortcomings of LRS, It is a customised biomechanical 
asymmetric corneal ablation method that has been recently introduced; this method aims to achieve central-symmetric 
corneal thickness, and the improved corneal shape is maintained long-term without deformation, thus preventing visual 
abnormalities and increases corneal symmetry by decreasing SUM, and thereby, it is expected to prevent postoperative 
corneal changes to avoid postoperative LRS adverse effects such as reduced visual acuity due to postoperative myopic shift, 
blurring vision, etc.3 So it will be safe in correct myopic patients with KCS, especially with asymmetric cornea (SUM 
>80 µm) and focal steepening over +47.0 diopters. Additionally, it has been reported that LAK, in which only the thick parts 
of the cornea are cut to create central symmetry, can be a good method to: 1) avoid LRS's adverse effects;3 2) treat the 
distorted cornea after ocular surgeries, reduce the incidence of optical aberrations;4,6,11 and 3) reduce the effects of IOP 
pushing outward on the thin parts of the cornea in early KC or KCS with peripheral asymmetry of the corneal thickness.5,6 

In addition, further research on LAK and treatment indications needs to be conducted.
L-LAK could be a new corneal remodeling method,3–6 to make the cornea be symmetric in patients with KCS (SUM 

≥80 µm and Kmax ≥ 47D),3–6without postoperative corneal ectasia. It indicated in order to avoid LRS adverse effects,3 

a new enhancement method in patients with adverse effects after LRS,4 management of postoperative LRS or ocular 
surgery adverse effects,5,7 and a new corneal remodeling technique in KCS without postoperative corneal ectasia.6

But in this study, the number of cases is very limited, relative short follow up periods and not copmpative, so need large 
cases study, long term follow up and comparative study including combined corneal collagen crosslinking technique.

Conclusion
L-LAK, a new corneal remodeling method, resulted in a decreased SUM, increased corneal symmetry, and no post-
operative corneal ectasia with good visual outcomes in myopic patients with KCS manifesting peripheral corneal 
asymmetry (SUM) ≥80 µm) and focal steep keratometric curvature greater than 47D.
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Abbreviations
KCS, keratoconus suspect; UDVA, uncorrected distance visual acuity; LAK, laser asymmetric keratectomy; FFKC, 
forme fruste keratoconus; LRS, laser refractive surgery; SE, spherical equivalent; IOP, intraocular pressure.
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