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1 | INTRODUCTION

Corneal cross-linking (CXL) using riboflavin and UV-A light
irradiation has been established as a primary treatment option
for halting disease progression in individuals affected by kera-
toconus. Evidences from laboratory data on donor human

Abbreviation: CXL, corneal cross-linking.
Marco Lombardo and Giuseppe Lombardo should be considered joint
first author.
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Seven human donor eye globes underwent
corneal cross-linking using theranostic
UV-A device with accessory corneal ionto-

riboflavin solution. Theranostic- Predi
guided UV-A light illumination assessed
riboflavin distribution and treated corneas

at 10 mW/cm? for 9 min with a 5.0-mm
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beam size. Corneal topography maps were

taken at baseline and 2-h post-treatment. Analysis utilized corneal topography ele-
vation data, with results showing controlled riboflavin delivery led to a consistent
gradient, with 40% higher levels centrally (248 + 79 pg/cm®) than peripherally
(180 + 72 pg/cm® at +2.5 mm from the center). Theranostic-guided UV-A light
irradiation resulted in significant changes in corneal topography, with a decrease
in best-fit sphere value (—0.7 + 0.2 D; p < 0.001) and consistent downward shift
in corneal elevation map (—11.7 + 3.7 pm). The coefficient of variation was 2.5%,
indicating high procedure performance in achieving significant and reliable cor-

corneal cross-linking, corneal iontophoresis, riboflavin, theranostics

eyes have demonstrated that the procedure can increase the
biomechanical strength of the treated cornea [1, 2].

Clinical studies have observed anterior corneal flat-
tening after CXL treatment of corneal ectasia resulting,
in some circumstances, in improved visual acuity, pri-
marily in transepithelial protocols [3, 4]. However, there
was considerable variability in the refractive and topo-
graphic outcomes of CXL procedures.

Corneal iontophoresis is a method that involves the
application of a low electric field to generate an active
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transport of ionized substances into the corneal stroma
across the intact epithelium [5]. The ionized substances
are driven into the tissue primarily by two mechanisms,
such as electromigration (i.e., the motion of molecules
based on flow of current) and electro-osmosis (i.e., the
motion of the solvent). The passive diffusion of the mole-
cules and the increased tissue permeability induced by
electric current may contribute in enhancing the penetra-
tion of therapeutic molecules into the stroma, although
to a lesser extent than the aforementioned primary mech-
anisms [6]. The topical iontophoresis strategy has been
extensively used for delivering therapeutic molecules into
the cornea, including antimicrobials, corticosteroids, and
vitamins [7]. Corneal iontophoresis has also been success-
fully validated for the delivery of riboflavin for treatment
of keratoconus with transepithelial CXL, decreasing the
overall treatment duration and improving the safety of the
procedure [8, 9]. Riboflavin-5-phosphate is a negatively,
low molecular weight, charged molecule and therefore an
optimal candidate for electrically assisted delivery. Authors
have shown in laboratory studies that iontophoresis was
able to impregnate the corneal stroma with riboflavin
through the intact epithelium and to enhance corneal
biomechanical strength [10]. In addition, clinical studies
have assessed the long-term safety and efficacy of this
approach in the treatment of progressive keratoconus with
transepithelial CXL treatment [11-13].

Theranostics is an emergent therapeutic approach in the
management of keratoconus by utilizing simultaneous UV-A
light mediated fluorescence imaging techniques for assessing
riboflavin concentration and enabling targeted photo-
activation of the substance in the cornea. The technology has
shown to offer a precise and personalized approach for
significant improvement of corneal tissue strength, regardless
of CXL treatment protocol used, whether it involved
removing the corneal epithelium or not [14-16].

By monitoring the concentration and distribution of
riboflavin permeating the stroma and its controlled
photo-activation under UV-A light in real time, the effec-
tiveness of corneal iontophoresis could be maximized. In
this study, we aimed to evaluate a novel corneal ionto-
phoresis device, which is directly controlled by a thera-
nostic UV-A device, for delivering a 0.22% riboflavin
ophthalmic solution into the cornea of eye bank donor
human eye globes. The iontophoresis device has been
designed for patterned delivery of riboflavin through the
intact epithelium in order to create a spatial concentra-
tion gradient of riboflavin greater in the center of the
treated corneal zone compared to the surrounding zones.
The amount of riboflavin delivered to the cornea is
controlled by modulating the amplitude of the electric
current (between 1 and 2 mA), application time (between
4 and 10 min.), and the size and shape of the apertures in

contact with the corneal surface. The amplitude of the
current determines the rate of flows of electrical charge
carriers, which are primarily responsible for the ribofla-
vin delivery. The application time controls the duration
of current application and the size and shape of the
apertures in contact with the cornea regulate the spatial
distribution of riboflavin into the corneal stroma.

The hypothesis of the study was that spatial patterned
delivery of riboflavin with higher and consistent levels in
the central area of the treated cornea compared to the
surrounding areas, followed by theranostic-guided UV-A
light irradiation, would lead to a reliable downward shift
of corneal shape.

2 | EXPERIMENTAL SECTION

Seven human eye globes, not suitable for transplantation,
were obtained from the Veneto Eye Bank Foundation
(Venezia Zelarino, Italy). The eye globes were explanted
between 6 and 12 h after death and immediately pre-
served at 4°C in corneal storage medium enriched with
15% dextran. All tissues were used for experiments within
48 h. All human eyes were used in compliance with the
guidelines of the Declaration of Helsinki for research
involving the use of human tissue.

2.1 | Theranostic-guided CXL procedure
All eye globes with intact epithelium underwent ribofla-
vin/UV-A CXL procedure using theranostic UV-A device
(C4V CHROMOA4VIS, Regensight). Description of the
UV-A device was given in previous reports [14, 15].
Briefly, the theranostic device integrates a sophisticated
system enabling the simultaneous UV-A light-mediated
measurement of riboflavin concentration distribution
and the photo-activation of the substance within the
corneal stroma. In this study, the theranostic device was
connected to accessory corneal iontophoresis device
(DoRSight, Regensight) for patterned delivery of a 0.22%
riboflavin ophthalmic solution (RitSight, Regensight) into
the corneal stroma through the intact epithelium. This
riboflavin ophthalmic solution has been specifically
developed for corneal iontophoresis delivery. The product
consists of riboflavin-5-phosphate as primary substance
and a double phosphate buffer, which makes the liquid
formulation negatively charged to enhance conductivity
and facilitate the electromigration of riboflavin into the
cornea through the intact epithelium.

The first step of the theranostic-guided CXL treat-
ment consisted in focusing the Placido rings of the medi-
cal device's optical head onto the cornea through the
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FIGURE 1

Testing procedure. (A) The donor human eye globe was mounted on a custom-designed eye holder and pre-conditioned. The

eye holder could be tilted 90° to perform corneal topography. The corneal iontophoresis delivery system consists of (B) an outer segment,

which is suctioned onto the eye and (C) an inner segment, which is filled with riboflavin liquid ophthalmic solution and connected via cable

to the theranostic UV-A medical device. (D) At the end of application time, the inner segment is removed, the excess of riboflavin

thoroughly dried with a Merocel sponge and the riboflavin corneal concentration distribution measured by theranostic UV-A device.

interaction with an augmented reality system displayed
on the touchscreen. Once focusing was completed,
an image of the central 5.0 mm of the cornea to treat
was acquired by pressing the footswitch to activate a
3 mW/cm? UV-A light irradiance for 2s; the measure
was recorded as baseline corneal fluorescence signal from
the UV-A theranostic device (this signal was subtracted
from theranostic measurements obtained after riboflavin
application and during UV-A light photo-therapy)
[14, 15]. Therefore, the application of the corneal ionto-
phoresis system was done under amber-led light illumi-
nation generated by the medical device's optical head to
center it onto the pupil of the eye. Application of the
active electrode, which is embedded in a plastic bath
inner tube, followed by the suctioning of the silicone
outer segment to the limbus. The inner tube was placed
onto the corneal surface, passing through the outer tube;
it was then filled with the riboflavin ophthalmic solution.
The passive electrode of the iontophoresis device was
connected to a crocodile clip, which was clamped to the
optic nerve. Once placed onto the eye, the delivery device
was operated through the graphic user interface (GUI) of
the theranostic UV-A device; the amplitude of the cur-
rent generated by the active device ranged between 1.0
and 2.0 mA. In this study, duration of iontophoresis
delivery was 7 min in all cases. At the end of riboflavin
application, the theranostic UV-A device recorded the
fluorescence image of the cornea to estimate the ribofla-
vin corneal concentration [14, 15]. The theranostic mea-
surement was performed over 5.0 mm area by irradiating
the cornea under treatment with 3 mW/cm? UV-A power
density for 2 s (as for the baseline measure); the thera-
nostic device processed corneal fluorescence images
and provided the operator with a measure estimating
the riboflavin spatial concentration distribution in
the corneal stroma. The key operational steps of the
novel corneal iontophoresis device are summarized in
Figure 1. The distal end of the inner tube was designed
with apertures of various sizes and shapes in order to

enhance the penetration of riboflavin into the central
targeted volume of the cornea rather than surrounding
tissue volumes. The application time and the sizes and
shapes of distal apertures were determined experimentally
to reach a targeted spatial concentration distribution
of riboflavin in the corneal stroma (data not published).
At the end of application time, the delivery device was
removed from the eye globe and the cornea underwent
10 mW/cm? UV-A irradiance for 9 min (5.4 J/cm® UV-A
light energy dose) with a 5.0-mm beam size (Figure 2). At
pre-set time intervals during irradiation, the theranostic
UV-A device measured the amount of corneal riboflavin
photo-activated over the 5.0 mm zone by irradiating the
cornea under treatment with 3 mW/cm? UV-A power
density for 2 s (as for the baseline measure). No riboflavin
drop was instilled over the corneal surface during UV-A
light irradiation in any sample.

2.2 | Testing procedure

Each eye globe was kept in a 15% dextran-enriched stor-
age solution at room temperature for 30 minutes before
commencing the experiment. The eye globe was then
gently mounted into a specially designed holder, with
known vertical/horizontal orientation, to guarantee
proper centration during the topography measurements.
The intraocular pressure (IOP) of the eye globe was
adjusted to 18 mmHg by means of a water column, which
was connected via a needle to the optic nerve and filled
with sterile water for injection. Before the experiment,
the pressure of each eye globe was kept constant
at 18 mmHg for 20 min in order to achieve a unique
pre-stressing reference state of the corneal tissue before
testing [17-19]. The pressure of the eye was then kept
constant at 18 mmHg for the entire duration of the
experiment. A commercial air conditioner heat pump
was used to maintain the room temperature and
humidity constant during the experiment.
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(A)

FIGURE 2

(A) The distal end of the corneal iontophoresis inner segment, which is applied onto the corneal surface, consists of

apertures of varying size and shape covering a 10-mm diameter. (B and C) The system allows, under controlled low-current field generated
by the theranostic UV-A device, for precise, spatial patterned delivery of riboflavin with higher levels in the central zone than surrounding
zones of the treated cornea. This study focused on treating the pre-pupillary central 5.0 mm diameter of the cornea.

Central corneal thickness (CCT) was acquired by
Anterior-Segment OCT imaging (AS-OCT; HS-100,
Canon) and corneal topography was performed using a
Placido disc topographer (Keratron Scout, Optikon 2000).
AS-OCT and corneal topography maps were taken at
baseline (after the pre-stressing procedure) and 2 h after
treatment. The elevation maps were evaluated by using
internal software of the topographer. Elevation data were
expressed using the best-fit sphere (BFS) in diopters (D);
the BFS corresponds to the virtual spherocylindric sur-
face that best fits the axial map over central 3.0 mm [20].
In Keratron topographer, the BFS corresponds to the
average of the simulated keratometry values, SimKgteep
and SimKg,,, which are the average dioptric values of the
3.0 mm central rings of the major and minor axes, respec-
tively. The system calculates the relative elevation based
on the deviation of axial map from the BFS; subtraction
elevation maps using BFS have been found to be accurate
for describing subtle variations in surface geometry and
valuable when the true topography must be known [21].
In this study, height difference maps were generated
between the elevation data recorded at baseline and 2 h
after treatment, after matching the maps at three refer-
ence points at 7.0 mm (i.e., outside the treatment zone)
from the vertex point (x = 0; y = 0; corresponding to the
highest point in corneal elevation) in order to cancel
the tilt; the difference value at the vertex point of the
keratograph (expressed in micrometers; pm) was used for
analysis.

2.3 | Statistical analysis

Data were expressed as mean + standard deviation with
95% confidence intervals. Sample size was calculated to
obtain a mean difference of 10 pm (SD 30%) between the
vertex point in subtraction elevation topography maps
(ie., treatment map minus baseline map). A minimum

sample size of 5 eye globes was needed to achieve 95%
statistical power (3) at a statistical significance of 5% ().
The targeted mean difference of 10 pm in height differ-
ence maps was determined according to the notion that
standard CXL treatment achieves on average —1.0 + 0.8
D corneal apex flattening at 12 months postoperatively
[22, 23], theoretically corresponding to a downward shift
in anterior corneal elevation of 8 pm with a treatment
zone of 5.0 mm [24, 25].

Baseline and postoperative BFS data were compared
using paired ¢t test. The coefficient of variation (CoV)
was calculated to estimate the reliability of the proce-
dure. A regression curve was developed to correlate the
downward shift in corneal elevation (Y) as a function of
the riboflavin spatial concentration ratio (C,.s,) and the
concentration of the substance at +2.50 mm (C5 smm) as
predictors:

Y:bO"’bl*Cratio"'bZ*CzASmma (1)

where by, by, and b, are the coefficients of regression and
Cratio 1S the ratio of the riboflavin concentration in the
center of treated cornea with respect to the mean concen-
tration of the substance at +2.5 mm from the center.

3 | RESULTS AND DISCUSSION

All samples underwent through testing and the process
was successfully completed in all cases. The mean donor
age was 70 + 7 years. The mean cadaver time was
12 + 4 h. At baseline, the mean CCT was 581 + 56 pm; it
did not change at the end of experiments (593 + 63 pm).
During the experiments, the room temperature was 25.6
+ 0.8°C and the relative humidity was 54 + 3%. Testing
on eye bank donor eye globes was performed under mon-
itoring of IOP and environmental parameters to assess
the effectiveness of the new strategy for spatial targeted

51017 SUOLLILIOD AIIE.D 3 ! fdde 3L Aq pouienob 8 S1Le YO ‘38N J0 S [N 0 A1 BUIIUO 3| UO (SUOIPUOD-PUE-SUWLSY W00 A3 1 ARe.q1jBu 1 |Uo//:SdL) SUORIPUOD PLE SWid 1 aU1 95 *[1202/20/2T] Uo AiqiTauiluo AB|Im 'ewioy Jud Aq 890005202 01 [/Z00T OT/10p/u0Y" By Aeicl pu|uo//SdIy WOJ) pepROIUMOQ *L *Z0Z ‘8790798T



LOMBARDO ET AL.

OURNAL OF

(B)

(A) Concentration [j.g/cm |

1350

300

1250

10

12

14

FIGURE 3

50f9
PHOTONICSJ—

Concentration [pglcma}
3 I 3 B 8
S ) S S 3

g

o
L

°
~
w
st
)
o
=
®

8
3

Concentration [ug/cm3]
= 0 »
) 3 b
3 S S

=3
S

Delivery of riboflavin into the cornea through the corneal iontophoresis-controlled system allows for achieving targeted

concentration distribution of the substance into the cornea with averagely 40% higher levels in the central zone of the treated cornea
compared to surrounding areas (+2.5 mm from center). In (A and B), the real-time theranostic UV-A device monitoring system of corneal
riboflavin concentration distribution (the bar indicates concentration in pg/cm?®) and the resulting concentration profiles along two axes,

respectively.

delivery of riboflavin into the cornea prior to UV-A light
irradiation in theranostic-guided CXL procedure. Several
factors make the use of the whole eye preferable for pre-
clinical testing of new medical devices: temperature and
humidity of the environment, which may influence cor-
neal biomechanics, can be monitored; the corneal tissue
can be mounted with respect to its correct vertical/
horizontal orientation and native boundary conditions of
the cornea are preserved (the procedure is minimally
invasive for the corneal tissue); the applied stress is gen-
erated by monitored IOP and a unique pre-stressing refer-
ence state can be achieved for all samples. The use of
corneal topography allows detailed characterization
of the corneal surface with micrometric resolution and
data can be easily analyzed using standardized units of
measure, which are relevant in the clinical setting and
facilitate the translation of findings into practical
applications.

After 7 min of corneal iontophoresis application, the
average peak corneal riboflavin concentration was
248 + 79 pug/cm’; a pseudo-Gaussian distribution concen-
tration profile was found in all samples, with a mean
corneal riboflavin concentration of 180 + 72 pg/cm’ at

+2.50 mm from the central concentration peak (Figure 3).
The ratio of riboflavin concentration between the center
and +2.50 mm surrounding zones was 14 +0.2. At
the end of UV-A light irradiation, the average corneal
riboflavin concentration decreased by 57 + 7% (resulting
109 + 43 pg/cm?) at the center and by 54 + 6% (resulting
83 + 34 ug/cm®) at +2.50 mm surrounding zone. The
average BFS significantly flattened from 43.1 + 1.2 D to
424 + 1.3 D after treatment (p < 0.001). The induced
change at the vertex point of subtraction elevation topog-
raphy maps was —11.7 + 3.7 pm (95% confidence interval
[CI]: —10.3 to —13.1 pm; CoV: —0.3 um); the CoV was
2.5% of the average downward shift, thus confirming the
high performance of the procedure in achieving a repeat-
able effect on corneal shape change. A representative case
is shown in Figure 4. A statistically significant correlation
was found between the level of downward shift in corneal
elevation and the predictors, including the ratio of ribofla-
vin concentration and the concentration at +2.50 mm
(R =0.92; p = 0.02; Figure 5). The outcome data of the
laboratory study were summarized in Table 1.

The concentration of riboflavin plays a crucial role in
generating covalent chemical bonds between stromal
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FIGURE 4 The subtraction elevation topography map for sample code 223518 (see Table 1) demonstrated a significant —11.4 pm
downward shift following theranostic-guided CXL treatment with spatial targeted delivery of 0.22% riboflavin and 5.0 mm UV-A light beam
irradiation. This finding evidenced a measurable change in the anterior corneal topography of the sample after treatment. CXL, corneal

cross-linking.

= FIGURE 5 Correlation between the
downward shift in corneal elevation at
& vertex point induced by theranostic-
" 5 5} R =0.92 guided CXL treatment with corneal
E g . T i P=0.02 iontophoresis-controlled system and the
e T 10 et outcome predicted by a two-predictor
2 '(% " Pt ’ o model incorporating the spatial
_§ % 12 et ad concentration distribution of riboflavin
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g s 1 — = - substance at +2.5 mm with respect to
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-16 . symbol represents an eye bank human
donor eye (n = 7). CXL, corneal cross-
48 linking.
-18 -16 -14 12 -10 -8 6 -4

Predicted downward shift in corneal elevation (um)

proteins in the cornea [26-28]. An improved under-
standing of CXL procedure has led to the theorization
that the treatment could also be used to produce a
predictable and reproducible corneal shape change.
In this study, controlled delivery of riboflavin and
UV-A light irradiation were centered onto the pupil

in order to test the effect of theranostic-guided UV-A
light photo-therapy on central corneal flattening;
the UV-A device, however, allows for focusing on
the specific area of interest, such as the keratoconus
apex, using the integrated blue light Placido disc
system and the amber lights illumination system.
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Downward shift at

Peak riboflavin riboflavin Corneal BFS* vertex point of
concentration concentration Corneal BFS* at after corneal height
Sample code  (pg/cm?®) (ng/cm?) baseline (D) treatment (D) difference maps (pm)
Code 223464 180 130 43.34 42.67 -7.7
Code 223518 280 190 44.15 43.53 —11.4
Code 224482 267 180 42.74 42.11 —12.4
Code 222412 256 141 43.99 43.60 -7.0
Code 230984 110 80 41.30 40.64 —10.8
Code 231007 295 250 41.72 40.57 —16.1
Code 232077 350 290 44.15 43.54 —16.4
M +SD 248 + 79 180 + 72 43.06 + 1.18 42.38 +£1.33 —11.7 £ 3.7

Note: In the bottom row, data are expressed as mean (M) + standard deviation (SD).

“BFS: best-fit sphere.

This ensures that the treatment is accurately directed
toward the desired corneal region to flatten.

The authors have predicted that under appropriate
photo-activation by UV-A light, the tissue biomechanical
response could be selectively differentiated according to
the controlled spatial distribution of riboflavin concentra-
tion and may cause the cornea to deform to a defined
shape [29-31]. Based upon these considerations, control-
ling the riboflavin spatial concentration distribution in
the corneal stroma, the UV-A light intensity and/or treat-
ment time would result in different amount and spatial
distribution of induced cross-linking bonds among
stromal proteins and therefore in a different increase in
corneal stiffness. In this study, the application time of
riboflavin (7 min) and the UV-A light irradiation protocol
(10 mW/cm? for 9 min with 5.0 mm beam size) were the
same for all eyes; this approach helped ensure that
the primary hypothesis of the study was accurately tested
and any observed effects could be attributed directly to
non-uniform spatial concentration distribution of stromal
riboflavin prior to UV-A light illumination. On the other
hand, manual application of riboflavin onto the cornea,
which likely generates uniform concentration distribu-
tion across the stroma [32], combined with a gradient
change of energy dose during UV-A illumination did not
lead to effective corneal flattening, as theorized by Roy
et al. [33] In a pilot study on 50 patients with keratoco-
nus, Shetty et al. [34] compared the effect on corneal
tomography of four different UV-A light irradiation pro-
tocols after the application of 0.1% riboflavin ophthalmic
solution for 20 min on de-epithelialized corneas. The
authors found that a 9.0 mm beam diameter UV-A light
illumination with a gradient change of energy dose in
three to five circles (with higher energy in the central
than peripheral circles, ranging from 15 to 0.5 J/cm®)

centred on the steepest curvature provided lower decrease
in maximum keratometry value (K;,,,) compared with a
uniform UV-A light illumination treatment. Previous
reports have shown that higher UV-A light power densi-
ties and energy dose were associated with a structural
weakening of the corneal tissue [35, 36]. Due to the lack of
experimental studies supporting the efficacy of a gradient
distribution of UV-A light fluence in achieving a predict-
able flattening the cornea, it is difficult to draw significant
conclusions on the hypothesis and methodology proposed
by these authors [33, 34]. The absence of real-time moni-
toring of corneal riboflavin concentration data also makes
it challenging to determine the primary cause of their
unsuccessful outcomes [14, 15, 30-32].

The theory supporting the hypothesis that non-
homogeneous photopolymerization of the corneal tissue
may cause a more pronounced flattening of the anterior
cornea than homogeneous photopolymerization was based
on the characteristics of stromal architecture [37]. The
microstructural organization of the human cornea has
been deeply investigated by many authors who reported
regional differences in the histology and biomechanics of
the corneal tissue [38-41]. Differences in the regional
response of the cornea in relation to the photopolymeriza-
tion profile may depend on the different postoperative
strength distribution in the specialized architecture of stro-
mal collagen lamellae induced by theranostic-mediated
UV-A light photo-activation [42-45].

Further research will include analysis of whether
the amount of the downward shift in anterior corneal
elevation induced by theranostic UV-A photo-therapy
using controlled corneal iontophoresis may be influ-
enced by the application time of riboflavin and/or by
the UV-A light beam width [8]. In this system, the
delivery time of corneal iontophoresis can be set from
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4 to 10 min and the UV-A light beam from 5.0 to
9.0 mm diameter.

A corneal riboflavin concentration >140 pg/cm® has
been shown to be sufficient for inducing significant mechan-
ical stiffening of the corneal stroma when delivering
5.4 J/cm® UV-A energy dose [46]. In the previous report [10],
the authors demonstrated that transepithelial CXL treatment
using corneal iontophoresis was effective in improving tissue
stiffness in inflation experiments of human donor eye globes.
The same authors [16], using theranostic UV-A device, have
measured in human donor eye globes a mean riboflavin cor-
neal concentration of 176 + 8 pg/cm® (30% lower than
found in the present study) using iontophoresis-assisted uni-
form delivery of 0.1% riboflavin ophthalmic solution at
1 mA current for 5 min.

4 | CONCLUSION

In this study, a corneal iontophoresis-controlled system
designed for spatial targeted delivery of riboflavin during
theranostic-guided UV-A light photo-therapy was tested.
Impregnation of the cornea with a consistent spatial
concentration gradient of riboflavin led to an efficient and
precise shape change of the cornea under theranostic
UV-A light-mediated illumination. These findings sup-
ported the hypothesis that riboflavin spatial concentration
distribution may play a crucial role in the photopolymeri-
zation process of the cornea and provided further insight
into potential application for theranostic-guided UV-A
light photo-therapy in corneal reshaping procedures. Clini-
cal research is necessary to explore this possibility and
determine the effectiveness of this novel procedure in
achieving a targeted corneal flattening in individuals.
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