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Abstract

Purpose To analyze changes in corneal densitome-
try 3 months after accelerated corneal collagen cross-
linking (CXL) measured with Scheimpflug
tomography.

Methods In this study we reviewed charts and
anterior segment data of patients who had undergone
accelerated pulsed epithelium-off CXL (30 mW/cm?
for 4 min, 8 min total radiation time) for treatment of
progressive keratoconus in the Department of
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many. Visual, topographic, pachymetric and densito-
metric data were extracted before surgery and at the
3-month follow-up. Corneal densitometry measure-
ments from different corneal layers and zones
obtained using Scheimpflug tomography (Pentacam
HR, Oculus).

Results The study investigated 12 eyes of 12
patients. The anterior (120 um) stromal layer within
the 0.0 to 2.0 mm and 2.0 to 6.0 mm concentric zones
showed a significant elevation of mean densitometry
3 months post-surgery (P = 0.045; P = 0.015) com-
pared to baseline. A mean stromal demarcation line
was apparent at a depth of 203.00 um =+ 13.53 (SD).
After accelerated CXL, no change in mean corrected
distance visual acuity (LogMAR) was observed but a
thinning of the cornea measured by a significant
reduction in central pachymetry (pm).

Conclusion Accelerated CXL results in an increase
in corneal densitometry, particularly in the anterior
stromal layer within the two central concentric zones
(0.0 to 2.0 mm and 2.0 to 6.0 mm) of the cornea at
3 months postoperatively. The changes in corneal
densitometry of the anterior stromal layer did not
correlate with postoperative visual acuity or central
pachymetry.
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Abbreviations

BSS Balanced salt solution

CDVA Corrected distance visual acuity

CXL Corneal collagen cross-linking

D Diopter

GSU Grayscale unit

LogMAR Logarithm of the minimum angle of
resolution

OCT Optical coherence tomography

UDVA Uncorrected distance visual acuity

UV-A Ultraviolet-A

Introduction

Keratoconus is a degenerative noninflammatory dis-
order of the eye, showing a progressive corneal ectasia
with increasing irregular astigmatism accompanied by
possible scarring or hydrops. If the disease progresses,
it may ultimately end in corneal transplantation. The
etiology of keratoconus seems to be multifactorial and
is still to this day, not completely understood. How-
ever, it seems to have genetic and environmental
components [1] and one of the most important risk
factors for developing keratoconus is chronic eye
rubbing which, apart from other known risk factors
such as atopy or Down’s syndrome, is the only
modifiable factor [2].

Corneal collagen cross-linking (CXL) is a treat-
ment option that aims to slow or halt progression of
keratoconus and other ectatic corneal diseases with the
application of riboflavin (vitamin B2) as a photosen-
sitizer combined with ultraviolet-A (UV-A) light
exposure. During the treatment, the epithelium of the
cornea is removed and riboflavin (vitamin B2) eye
drops are applied with a certain exposure time;
thereafter, the eye is radiated with UV-A light. Several
methods of “epi-on” (transepithelial) CXL have been
proposed in order to keep the corneal epithelium intact
which should be less painful and help avoid other
CXL-associated adverse events. However, the evi-
dence so far is that epi-off CXL remains the most
effective method of strengthening the cornea and
slowing keratoconus progression [3]. The duration of
this procedure depends on the protocol and the CXL
procedure applied, but is usually from a few minutes to
an hour [1, 4, 5]. Classic CXL following the Dresden
protocol with 3 mW/cm? for 30 min applying a total
energy of 5.4 J/cm® is the most widely used and
studied protocol as compared to modified accelerated
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CXL protocols available [6], which also provide
promising, however, controversy results concerning
treatment efficacy [7-10].

Clinical results after CXL showed a reduction of
keratometric values, astigmatism, improved visual
acuity and leads to an increased corneal rigidity with
stiffening of the anterior corneal stroma, thereby
halting keratoconus progression [4, 11-14]. However,
CXL often leads to a preliminary loss of vision
postoperatively. This reduction of visual acuity can
either be attributed to changes in corneal topography
or a loss of transparency of the corneal stroma [15, 16].
During the first month after CXL, an increased corneal
optical density (haze) [17, 18] can often be observed.
Prior studies used a confocal microscope or Scheimp-
flug tomography technique to measure densitometry in
order to identify an increased optical density [17-20].

Pircher et al. [21] showed that CXL following the
Dresden protocol induces stromal changes leading to
an increased densitometry, particularly in the anterior
stroma of the central (0.0 to 2.0 mm) corneal zone
[21]. However, this loss of corneal transparency did
not correlate with the postoperative visual acuity
values [21].

The aim of the current work was to analyze changes
in corneal densitometry 3 months after accelerated
CXL using Scheimpflug tomography in eyes with
progressive keratoconus.

Materials and methods
Patient population and study design

In this retrospective study, data analysis was con-
ducted including all patients suffering from progres-
sive keratoconus [22] over 18 years of age, who
underwent accelerated CXL (Avedro, Inc., 230 Third
Avenue, Waltham, MA 02451) from September 2014
to April 2015 in the Department of Ophthalmology,
Goethe University, Frankfurt, Germany. Except for
keratoconus, the eyes did not show any other ocular
pathology. Patients with prior surgery or other eye
disorders (corneal dystrophies, pterygium, prior cor-
neal infections, cornea verticillata) that have an
influence on corneal curvature were excluded from
data analysis.

The study was performed in accordance with the
Declaration of Helsinki, and ethical approval was
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obtained from the local ethics commission. Visual
acuity, topographic, pachymetry and densitometry
data were extracted from patients’ charts, Scheimpflug
tomography (Pentacam HR, Oculus) and the corneal
demarcation line were measured with optical coher-
ence tomography (Visante'™ OCT, Zeiss) and ana-
lyzed before surgery and at follow-up 3 months after
treatment.

Surgical technique and accelerated CXL protocol

The same surgeon (T.K.) performed all procedures
using the accelerated CXL protocol. Accelerated CXL
was performed with Avedro’s KXL® System (Avedro,
Inc., 230 Third Avenue, Waltham, MA 02451). The
KXL® device has a homogeneous beam intensity
profile with a beam diameter of 9 mm leading to an
even dose of UV-A light energy applied across the
surface of the cornea. Prior to the development of the
KXL® device, CXL was performed using devices with
Gaussian beam profiles, which resulted in a higher
irradiation intensity in the center of the cornea [23].
The “epithelium-off™ protocol for accelerated CXL
was followed. First, a topical anesthetic (Propara-
caine-POS® 0.5% eye drops, active substance: prox-
ymetacainhydrochlorid) was instilled on the cornea
and a speculum was inserted. Under standard hygienic
precautions, debridement of the epithelium was per-
formed and Riboflavin (VibeX Rapid™: 0.1% ribo-
flavin, hydroxypropyl methylcellulose) was applied to
completely saturate and cover the exposed corneal
stroma reapplying riboflavin at least once every two
minutes for a total up to 10 min saturation time. Prior
to starting irradiation, the eye was rinsed with a
balanced salt solution, BSS® (BSS® balanced salt
solution, Alcon) and then given pulsed (1 s “on”, 1 s
“off”) UV-A treatment at 30 mW/cm? for 4 min with
8 min total UV-A time where a dose of 7.2 J/cm?
(365 nm) was initiated. During UV-A treatment, the
cornea was saturated with BSS® as needed. After
treatment antibiotic and corticosteroid drops were
administered and a bandage soft contact lens was
placed on the eye and removed after epithelialization.

Follow-up
Patients received standard care with local antibiotic

(Floxal EDO® eye drops, active substance: ofloxacin)
and corticosteroid (Dexa EDO® eye drops, active

substance: dexamethasone) treatment 3 drops per day
for 4 days, followed by a local corticosteroid treat-
ment (Efflumidex® eye drops, active substance: fluo-
rometholone) 4 drops per day for 1 week and a weekly
reduction of one drop per week thereafter. Moreover,
the patients received lubricant eye medication (Cel-
lufresh® eye drops, active substance: carboxymethyl-
cellulose sodium) 4 drops per day for 4 weeks.
Postoperative follow-up examinations were per-
formed daily from day 1 to day 4 until reepithelial-
ization was complete. During a complete
ophthalmological examination, 1 and 3 months post-
operative, the uncorrected and corrected distance
visual acuity (UCVA and CDVA, respectively) and
corneal topography including the densitometry mea-
surement were performed.

Imaging corneal densitometry

Changes in corneal transparency were measured with
backward light scattering as measured by Scheimpflug
tomography (Pentacam HR, Oculus Optikgerite
GmbH). Densitometry values were analyzed preoper-
atively and 3 months postoperatively (Fig. 1). Expe-
rienced operators performed all measurements in a
dark room. Patients were always instructed to blink
two times immediately before the measurement and
then to open the eye wide without blinking to ensure
that the eyelid did not cover the cornea. Only
examinations with automatically triggered Scheimp-
flug scans (25 images in 2 s) that revealed the device’s
software quality check “OK” were used for analysis.
The standardized Scheimpflug densitometry is
expressed in grayscale units (GSUs), which defines
backward light scatter on a scale of 0 (minimum
scatter; maximum transparency) to 100 (maximum
scatter; minimum transparency). Scheimpflug tomog-
raphy allows the investigator to analyze the corneal
densitometry at various concentric zones (0.0 to 2.0,
2.0 t0 6.0, 6.0 to 10.0, 10.0 to 12.0 mm) and stromal
depths of the cornea [anterior stromal layer (120 pm),
posterior stromal layer (60 pm), middle stromal layer
between these two layers] (Fig. 1).

Statistical analysis
A power calculation was conducted with BiAS for

Windows (Version 11.01) and determined that with
n = 12 patients’ eyes a power of at least 90% is
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«Fig. 1 Example of corneal densitometry analysis by Scheimp-
flug tomography (Pentacam HR, Oculus Optikgerdte GmbH)
before and after accelerated corneal Crosslinking in keratoconus
patients. a Preoperative corneal densitometry measurement.
b Corneal densitometry 3 months postoperative after acceler-
ated corneal Crosslinking. Scheimpflug densitometry measured
in gray-scale-units (GSU) at different concentric zones (0.0 to
2.0;2.0t0 6.0; 6.0 to 10.0; 10.0 to 12.0 mm) and stromal depths
of the cornea (anterior stromal layer (120 um), posterior stromal
layer (60 pm), middle stromal layer between these two layers).
The standardized Scheimpflug densitometry is expressed in
gray-scale-units (GSUs), which defines backward light scatter
on a scale of 0 (minimum scatter; maximum transparency) to
100 (maximum scatter; minimum transparency)

achieved [21]. Data management was performed using
Excel® for Mac 2011 version 14.5.9 (Microsoft) and
SPSS® Statistics for Mac version 24.0 (IBM) for
statistical analyses. Shapiro—Wilks analysis was per-
formed to determine whether the sample was normally
distributed. If the sample followed normal distribution
changes at 3 months follow-up, it was compared with
the baseline using a paired 7 test. If the data were not
normally distributed, a Wilcoxon test was utilized to
determine the level of significance. Due to multiple
testing adjustments using Bonferroni method were
conducted. All data are reported as mean =+ 2 standard
deviations. A two-sided probability value (P) less than
0.05 was considered statistically significant. Pearson
correlation coefficients (r) were calculated to assess
the correlation of UCVA, CDVA and pachymetry with
corneal densitometry values of the anterior stromal
layer (0.0 to 12.0 mm).

Results

In this study, 12 eyes of 12 patients suffering from
progressive keratoconus who were treated with accel-
erated CXL in the Department of Ophthalmology,
Goethe University, Frankfurt, were retrospectively
analyzed. The mean age of the 9 men and 3 women
was 36 £ 13 years (range 18 to 55 years). All patients
attended a 3-month postoperative follow-up examina-
tion. No surgery-related complications were recorded,
and epithelial closure was observed within 4 days in
all patients.

There was no significant change in mean UCVA
and CDVA (Table 1, Fig. 2) from preoperatively to
3 months postoperatively (P = 0.473; P = 0.864).

The mean spherical equivalent (P = 0.976), maxi-
mum keratometry (P = 0.363) and simulated ker-
atometry (P = 0.110) also showed no significant
changes. However, the central pachymetry showed a
significant decrease from 470.08 £ 32.02 um to
453.08 £ 35.44 um (mean =+ standard deviation)
(P < 0.001) 3 months after accelerated CXL. The
mean stromal demarcation line showed at a depth of
203.67 &+ 13.53 um (mean = standard deviation)
(Table 1).

Table 2 shows the corneal densitometry results for
backward light scattering as measured by Scheimpflug
tomography (Pentacam HR, Oculus). Three months
after accelerated CXL, the mean corneal densitometry
of the three stromal layers (anterior, middle and
posterior) had increased compared to baseline mea-
surements preoperatively. The anterior stromal layer
showed a significant increase in mean densitometry
(P < 0.05) (Table 2, Fig. 3), whereas the middle and
posterior layers just showed a slight but nonsignificant
increase in mean densitometry. Within the anterior
(120 pm) stromal layer, the two central concentric
zones (0.0 to 2.0 mm and 2.0 to 6.0 mm) showed a
significant elevation of mean densitometry (GSU)
3 months post-surgery (P < 0.05) compared to the
baseline (Table 2, Fig. 3). No significant correlation
(P > 0.05) between corneal densitometry values of
the anterior stromal layer (0.0 to 12.0 mm), UCVA,
CDVA and pachymetry (r < 0.2, r < 0.2, r <0.4)
was observed at the postoperative examination visit.

Discussion

Today CXL is the only and thus indispensable
procedure to manage the treatment of progressive
keratoconus or other corneal ectatic disease by halting
or even stopping ectatic progression [1, 11]. However,
often a reduction of visual acuity can be postopera-
tively detected [4, 19], which might be attributable to
loss of corneal transparency.

Currently, differing propositions exist in order to
explain the loss of transparency of the corneal stroma
as an increase in collagen fiber diameter [24], cellular
reaction by activation of keratocytes [25, 26] and a
change in the refractive index [27] of the stroma after
corneal CXL. The most likely reason for corneal haze
after CXL seems to be a complex wound healing
process comprising of a transformation of keratocytes
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Table 1 Changes in uncorrected distance visual acuity (log-
MAR), corrected distance visual acuity (logMAR), manifest
refraction spherical equivalent (D), maximum keratometry (D),

simulated keratometry (D), central corneal thickness (pm),
demarcation line (um) data before and 3 months after accel-
erated corneal CXL

Mean + SD

Time point UDVA CDVA MRSE (D) Kmax (D) SimK (D) CCT (um) DM line (um)
(logMAR) (logMAR)

Preoperative 1.08 £ 0.41 0.47 £ 0.31 — 416 £ 450 59.52 +£7.00 49.53 +£4.77 470.08 + 32.02 -

3 months 1.01 + 043 0.48 + 041 — 413 £530 60.10 £ 7.03 4997 + 4.72 453.08* + 35.44 203.67 + 13.53

UDVA uncorrected distance visual acuity, CDVA corrected distance visual acuity, MRSE manifest refraction spherical equivalent,
Kmax maximum keratometry, SimK simulated keratometry, CCT central corneal thickness, DM line demarcation line, D diopter

*P value < 0.05

Fig. 2 Changes in
uncorrected distance visual
acuity (UDVA) and distance
corrected visual acuity
(DCVA) before and 000

3 months after accelerated

corneal cross-linking 000 |

000
001 |
001 |
001 |

visual acuity [logMAR]

001 |
001 |
002

into myofibroblasts, which are associated with stromal
remodeling [25, 26, 28].

This study investigates corneal densitometry as
measured by Scheimpflug tomography and their
possible effect on clinical parameters, such as visual
acuity and pachymetry after accelerated CXL in
progressive keratoconus patients. In the study, corneal
densitometry was assessed using the Scheimpflug
imagining device that provides the option to analyze
corneal stromal changes in different corneal depths
and concentric zones.

The results of the current study reveal an increase of
corneal densitometry in all three stromal layers
(anterior, middle and posterior) 3 months after accel-
erated CXL, however, only a significant increase in the
anterior stromal layer (120 pm). The highest change in
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preoperative

UDVA and CDVA before and after accelerated CXL

3 months

H UDVA
CDVA

densitometry and significant backward light scattering
was measured in the anterior stromal layer, particu-
larly in the two central zones (0.0 to 2.0 mm and 2.0 to
6.0 mm). These findings are in line with the results of
Pircher et al. [21] and Kim et al. [29] who also
demonstrated a significant increase in densitometry
after conventional CXL, especially in the anterior
stroma of the central zone 3 months after CXL in eyes
with progressive keratoconus [21, 29]. Their results
similarly showed the greatest corneal changes in the
anterior stromal layer within the 0.0 to 2.0 mm
concentric zone of the cornea.

Thus, the significant increase in densitometry
3 months after accelerated CXL is restricted to the
anterior stromal layer of the cornea. It might be
reasonably assumed that stray light in the anterior
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Tab!e 2 Scheimpflug Time point (n = 12)

densitometry measurements

(Pentacam HR, Oculus Parameter (mean £ SD) Preoperative 3 months Delta P value

Optikgerdte GmbH) in

stromal layers and Stromal layer over 0—12 mm zone

concentric zones over time Anterior 24.07 + 5.48 2822 £5.23 4.15 0.03*
Middle 15.21 + 3.06 16.56 + 2.36 1.35 > 0.20
Posterior 12.72 £ 2.48 13.37 £ 1.85 0.65 > 0.20
Zone (mm)—Anterior layer (120 pm)
0.0 to 2.0 29.69 + 10.49 38.80 £+ 10.61 9.12 0.045*
2.0 to 6.0 22.78 + 4.89 28.82 + 4.89 6.03 0.015*
6.0 to 10.0 19.41 £ 4.44 20.68 + 3.06 1.54 > 0.20
10.0 to 12.0 32.90 £+ 10.98 33.78 £ 13.20 0.86 > 0.20
Zone (mm)—Middle layer
0.0 to 2.0 16.41 + 3.56 18.82 + 3.87 2.40 > 0.20
2.0 to 6.0 15.17 £ 1.77 13.60 + 3.44 -1.58 > 0.20
6.0 to 10.0 13.60 + 3.44 14.23 + 2.64 0.63 > 0.20
10.0 to 12.0 21.62 £ 5.16 23.90 £ 8.25 2.28 > 0.20
Zone (mm)—Posterior layer (60 yum)
0.0 to 2.0 1146 £ 2.73 11.68 £ 2.06 0.23 > 0.20
2.0 to 6.0 11.58 +1.92 12.14 + 0.94 0.57 > 0.20

*P value < 0.05 6.0 to 10.0 12.25 £ 2.95 12.90 + 2.57 0.65 > 0.20

(Bonferroni adjusted 10.0 to 12.0 18.27 + 3.85 19.89 + 4.11 1.63 > 0.20

P values)

Fig. 3 Statistical
significance (*P< 0.05) of
changes in corneal
densitometry in different
stromal layers and
concentric zones 3 months
after accelerated CXL

10-12 mm g

stromal layer is more pronounced because the
riboflavin concentration, UV-A intensity [30, 31]
and oxygen concentration [32] decline toward the
middle and deeper posterior stromal layers.

In contrast to prior studies the UV-A-irradiation
device (KXL® System, Avedro, Inc., 230 Third
Avenue, Waltham, MA 02451) used in this study has
no Gaussian beam profile but a homogeneous beam
intensity profile leading to an even dose of UV-A light

Anterior stromal layer*

Middle stromal layer

" Posterior stromal layer

energy applied across the surface of the cornea. CXL
performed using devices with Gaussian beam profiles
for example, as in the study by Pircher et al. [21]
resulted in a higher irradiation intensity in the center of
the cornea [23]. Nevertheless, in this study, a statis-
tically significant increase in densitometry readings at
3 months postoperative could only be observed in the
0.0 to 2.0 mm and 2.0 to 6.0 mm corneal concentric
zones but not in the 6.0 to 10.0 mm zone, despite the
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UV-A irradiation being performed in a 9.0 mm
diameter beam with a homogeneous beam intensity
profile. Koller et al. [33] support this finding conclud-
ing that the intended depth of CXL is achieved only in
the central part of the cornea, and 3 mm away from the
center the CXL depth just reaches 65% of the central
depth. This finding is also in line with Pircher et al.
[21] who reported an increase in densitometry in the
0.0 to 2.0 mm and 2.0 to 6.0 mm corneal zone [21].
Thus, a homogenous beam profile with an even UV-A
exposure does not result in different corneal densito-
metry distribution after accelerated CXL compared to
treatment with a Gaussian beam profile after CXL
following the Dresden protocol applying a total energy
of 5.4 J/em? compared to a total energy of 7.2 J/cm?
following the accelerated CXL protocol in this study
[6]. Future studies are needed in order to study
different irradiation procedures and their effect on
densitometry distribution and visual outcome to verify
our finding.

The UCVA and CDVA showed no significant
changes 3 months after accelerated CXL. Recent
studies did not demonstrate a correlation between
corneal densitometry values and visual acuity out-
comes [19, 21]. Likewise in this study, UCVA and
CDVA did not correlate with the changes in corneal
densitometry of the anterior stromal layer (0.0 to
12.0 mm). Thus, despite the significant increase in
densitometry in the anterior stromal layer 3 months
postoperative, no significant effect on the visual acuity
outcome was observed. The mean stromal demarca-
tion line in this study showed at a depth of
203.67 £ 13.53 um, which is similar to the results
of Moramarco [34] showing a demarcation line at a
depth of 213 £ 47.38 um also after using pulsed UV-
A light CXL with 8 min (1 s on/l s off) of UV-A
exposure at 30 mW/cm? and energy dose of 7.2 J/cm.

Moreover, in this study maximum keratometry and
simulated keratometry showed no significant changes,
which is in line with the findings of Toker et al. and
Moineau et al. [35, 36] reporting that 30 mW/cm?
accelerated CXL treatment modalities appeared to be
effective in stabilizing keratoconus progression, how-
ever, less effective in achieving topographic improve-
ment showing no changes in keratometric values
compared to baseline. However, a study by Mita et al.
[37] found a significant reduction in maximum
keratometry 6 months after 30 mW/cm? accelerated
cross-linking with the KXL system. In line with the
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results of prior studies [38—41], the present study
demonstrates a significant reduction of the central
pachymetry 3 months after accelerated CXL. A study
conducted by Greenstein et al. [38] also demonstrated
a change in corneal thickness over time. All
pachymetry measurements thinned 1 and 3 months
after CXL following the Dresden protocol and
rethickened to almost preoperative values after
12 months [38]. The physiology of this initial corneal
thinning after CXL is unclear: however, structural
changes occur in corneal collagen fibrils [42, 43], such
as compression of collagen fibrils, changes in corneal
hydration [44] and edema [45, 46], keratocyte apop-
tosis [25, 47, 48] and changes in glycosaminoglycans
[49] which are discussed in the literature. A study by
Greenstein et al. [19] investigated the natural history
of corneal haze measured by Scheimpflug imaging and
slittamp biomicroscopy after CXL following the
Dresden protocol. This study illustrated that corneal
haze reached its maximum 3 months after CXL and
then decreased between 3 and 12 months after CXL.
In contrast, Koc et al. found that corneal densitometry
values increased after accelerated corneal CXL and
did not return to preoperative values 12 months after
CXL [50]. CXL-associated corneal haze appears as a
dust-like change in the corneal stroma or a midstromal
demarcation line [51]. Even though Scheimpflug
densitometry allows a quantitative measurement, its
specific correlation to clinical corneal haze remains to
be further assessed. Greenstein et al. [19] were able to
demonstrate a close approximation of their densitom-
etry measurements to their results from slitlamp haze
grading, indicating that densitometry does measure
clinical corneal haze. Presumably, corneal thinning
and stromal haze as measured by increased densito-
metry values demonstrated in our study might simi-
larly result from complex structural and physiological
wound healing changes in the cornea after CXL [52].
This means that increased densitometry values and
thinning may be distinct clinical components of the
basic CXL healing process. Shetty et al. [53] found
that corneal densitometry measurements in different
zones with the Pentacam did not affect the repeatabil-
ity of the thinnest corneal thickness measurement.
Another possibility would be that the thinning of
the cornea is the essential cause of the clinical stromal
haze that can be seen and measured. But in the study,
no correlation between a reduced central pachymetry
and the corneal densitometry of the anterior stromal
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layer (0.0 to 12.0 mm) after 3 months could be
demonstrated.

There are three main limitations of this study,
namely, a relatively short follow-up of only 3 months,
a small sample size and the retrospective design. In the
future, further research with a larger sample size, a
control group and a longer follow-up period would be
necessary to verify these findings.

In conclusion, corneal changes induced by accel-
erated CXL performed using the KXL® System
irradiation device seemed to be greatest in the anterior
stromal layer (120 pm) in two central zones (0.0 to
2.0 mm and 2.0 to 6.0 mm) of the cornea. The increase
in densitometry and, thus, decrease in corneal trans-
parency did not, however, influence visual acuity,
since no correlation between the changes of corneal
densitometry of the anterior stromal layer (0.0 to
12.0 mm), UCVA and CDVA was found. Moreover,
the observed reduction of central pachymetry after
CXL did not correlate with the changes of corneal
densitometry of the anterior stromal layer (0.0 to
12.0 mm) and visual acuity.
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