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Keratoconus Using Dual Scheimpflug Imaging

Mohammad Mehdi Sadoughi’, MD; Sepehr Feizi>, MD, MS; Siamak Delfazayebaher', MD
Alireza Baradaran-Rafii>, MD; Bahram Einollahi!, MD; Camelia Shahabi!, MD

'Ophthalmic Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Ocular Tissue Engineering Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Abstract

Purpose: To evaluate corneal changes after collagen crosslinking (CXL) therapy for keratoconus (KCN)
using the Galilei dual Scheimpflug analyzer.

Methods: This prospective, nonrandomized clinical study included 35 eyes of 32 keratoconus patients who
had undergone CXL. The eyes were saturated with riboflavin solution and were subjected for 30 minutes
to ultraviolet-A (UV-A) light with irradiance of 3 mW /cm?. Effectiveness of the treatment was assessed by
measuring uncorrected visual acuity (UCVA), best-corrected visual acuity (BCVA), manifest cylinder/sphere,
keratometry, pachymetry, posterior and anterior elevations by the Galilei dual Scheimpflug analyzer. Prior
to treatment and 8 months after therapy, Scheimpflug analysis was performed using the Galilei system.
The four sets of data including keratometry values, pachymetry, elevation parameters and surface indices
were statistically analyzed and compared.

Results: Mean patient age was 22.3 + 3.8 years and mean postoperative follow-up was 8.1 + 3.2 months.
There was a significant increase in UCVA (0.54 + 0.35 Log MAR preoperatively to 0.49 = 0.34 LogMAR
postoperatively, P = 0.01) and BCVA (0.21 + 0.19 Log MAR preoperatively to 0.16 + 0.17 LogMAR
postoperatively, P = 0.01). Mean cycloplegic spherical equivalent refractive error was —4.13 + 2.65 Diopter (D)
preoperatively and —4.67 + 2.96 D postoperatively (P < 0.001). During the follow-up period, no significant
difference was observed in pachymetric and elevation data postoperatively.

Conclusion: Corneal stabilization could be achieved by collagen crosslinking therapy for keratoconus in

terms of corneal thickness, keratometry values, elevation parameters and surface indices.
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INTRODUCTION

Corneal collagen crosslinking (CXL) with riboflavin is
a new treatment modality applied to strengthen the
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cornea in eyes with progressive keratoconus (KCN) in
which corneal thickness is >400 pm.™ The photoactivated
riboflavin enhances corneal strength and integrity
by increasing collagen crosslinking and can halt the
progression of keratoconus.

The Galilei dual Scheimpflug system is a noninvasive
diagnostic instrument designed to analyze anterior
segment characteristics including Placido-based
topography, pachymetry, net corneal power, elevation

This is an open access article distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as long as the
author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

How to cite this article: Sadoughi MM, Feizi S, Delfazayebaher S,
Baradaran-Rafii A, Einollahi B, Shahabi C. Corneal changes after collagen
crosslinking for keratoconus using dual scheimpflug imaging. J Ophthalmic
Vis Res 2015;10:358-63.

358 © 2015 JourRNAL OF OPHTHALMIC AND VISION RESEARCH | PuBLISHED By WOLTERS KLUWER - MEEDKNOW




Scheimpflug Corneal Imaging After CXL for KCN; Sadoughi et al

maps, anterior chamber depth, and corneal wavefront.** Tt
combines two technologies, i.e. Placido imaging, which
provides curvature data, and Scheimpflug imaging,
which is optimal for precise elevation measurements.

The purpose of the present study was to assess corneal
changes (keratometric, pachymetric, elevation data
and surface indices) after CXL therapy for keratoconus
using the Galilei dual Scheimpflug analyzer. The safety
and effectiveness of riboflavin ultraviolet-A (UV-A)
light-induced crosslinking of corneal collagen in
improving visual acuity and stabilizing the progression
of keratoconus were also evaluated in this study.

This prospective comparative study comprised of
35 (23 right and 12 left) eyes of 32 patients including
23 male and 9 female subjects with progressive
keratoconus. The diagnosis of keratoconus was
based on clinical findings (stromal thinning, conical
protrusion, Fleischer ring, and Vogt striae) and associated
characteristics on Placido disk-based topographic
patterns (Tomey EM-3000, version 4.20, Premier
Ophthalmic Services, Frankfurt, Germany). Inclusion
criteria for CXL were corneal thickness of at least 400 um
documented by ultrasonic pachymetry and a minimum
of one diopter (D) increase in keratometric values in
the past 6 months. Exclusion criteria were history of
any ocular surgery, previous acute corneal hydrops,
dry eye syndrome and pathologic eye conditions other
than keratoconus. All patients had bilateral keratoconus
without subepithelial scarring and were aged more than
18 years.

All study participants were asked to discontinue
wearing soft contact lenses for at least 2 weeks and
rigid gas-permeable contact lenses for at least 4 weeks
before the measurements. Written informed consent
was obtained after explaining the purpose of the study
which was approved by the Institutional Review Board
of the Ophthalmic Research Center at Shahid Beheshti
University of Medical Sciences, Tehran, Iran.

A complete ocular examination including slit lamp
biomicroscopy, cycloplegic refraction, corrected distance
visual acuity (CDVA) using a Snellen chart, keratometry,
intraocular pressure measurement, and dilated fundus
examination was performed.

For measurements with the Galilei dual Scheimpflug
analyzer (Ziemer Ophthalmic System AG, Zurich,
Switzerland), subjects were seated with their chin on a
chinrest and forehead against the forehead strap while
fixating on the target. Appropriate alignment of the scan
center with the corneal apex was checked using an initial
Scheimpflug image on the monitor. The measurement
results were checked under a quality specification
window; only measurements with an “OK” reading
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were recorded for analysis. If the comments were
marked yellow or red (i.e., not OK), the measurement
was repeated.

Four groups of data were then used for statistical
analysis. These consisted of (1) keratometry values
including the power of the flat (Kf) and steep (Ks)
meridians, keratometric astigmatism and mean
keratometry, (2) pachymetry data including
central and minimal (at the thinnest point) corneal
thickness, (3) elevation parameters including the radius
of the anterior and posterior best-fit sphere (BFS) and
the maximum anterior and posterior elevations at the
central 3,5, and 7 mm zones of the cornea, and (4) surface
indices including inferior-superior (I-S) index, standard
deviation (SD) of the corneal power, surface regularity
index, surface asymmetry index, irregular astigmatism
index, differential sector index, opposite sector index,
center/surround index, area analyzed, keratoconus
prediction index and keratoconus probability.

For maximum elevation of the cornea, a BFS was
generated by the software, with the floating option over an
8-mm fit. The float map means that the reference body has
no fixed center and the distance between the cornea and
the sphere surface is optimized to be as small as possible.
BFS setting was constant in Galilei software during both
pre- and postoperative measurements. Anterior elevation
was determined by taking the maximum difference
in anterior elevation between the BFS and patient’s
cornea. Posterior elevation was determined by taking
the maximum difference in posterior elevation between
the BFS and patient’s cornea. All measurements were
obtained at the central 3, 5 and 7 mm zones of the cornea
by an experienced operator using the same machine
and procedures. At least 6 months after CXL procedure,
the images were captured again using the Galilei dual
Scheimpflug analyzer.

Under strict sterile conditions and topical anesthesia,
the epithelial on the central 8-mm area of the cornea was
debrided. 0.1% riboflavin (in 20% dextran solution) was
applied to the cornea every 2 minutes for 30 minutes.
Penetration of riboflavin into the aqueous was checked at
the slit lamp. The cornea was then irradiated with UV-A
light with a wavelength of 370 nm and an irradiance of
3mW /cm? for 30 minutes. During irradiation, riboflavin
drops were applied to the cornea every 2 minutes to
sustain the required concentration of riboflavin and to
prevent desiccation of the cornea. At the conclusion of
the procedure, topical chloramphenicol eye drops were
instilled and a bandage soft contact lens was fitted.
Postoperatively, chloramphenicol and betamethasone
0.1% eye drops were prescribed every 6 hours and
continued for 2 weeks. Therapeutic contact lenses were
removed after complete epithelial healing.
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All statistical analyses were performed using SPSS
software version 17.0 (SPSS Inc., Chicago, IL, USA).
General data including age, spherical equivalent (SE)
refraction, and keratometry readings as well as data
obtained by the Galilei dual Scheimpflug analyzer were
expressed as mean + SD. One-way analysis of variance
was used to compare these measurements between the
sets of data. A paired two-tailed Student’s t-test was
performed to analyze postoperative changes from baseline
values and to monitor postoperative changes over time.
Pearson correlation coefficients (r) were used to analyze
possible correlations between postoperative topography
measurements and postoperative visual acuity. P values
less than 0.05 were considered as statistically significance.

Mean age of the patients was 22.3 + 3.8 (range, 15-31)
years and mean follow-up duration was 8.1 + 3.2 (range,

Mean keratometry (D)

Steep keratometry (D)

Flat keratometry (D)

Keratometric astigmatism (D)

Mean anterior keratometry (D)

Steep anterior keratometry (D)

Flat anterior keratometry (D)

Anterior keratometric astigmatism (D)

Mean posterior keratometry (D)

Steep posterior keratometry (D)

Flat posterior keratometry (D)

Posterior keratometric astigmatism (D)
Inferior-superior index

Surface asymmetry index

Surface regularity index

Irregular astigmatism index

Area analyzed (%)

Differential sector index

Opposite sector index

Center/surround index

Standard deviation of corneal power

Keratoconus prediction index

Keratoconus probability

Radius of anterior best-fit sphere (mm)

Radius of posterior best-fit sphere (mm)

Maximum anterior elevation in 3 mm zone (microns)
Maximum posterior elevation in 3 mm zone (microns)
Maximum anterior elevation in 5 mm zone (microns)
Maximum posterior elevation in 5 mm zone (microns)
Maximum anterior elevation in 7 mm zone (microns)
Maximum posterior elevation in 7 mm zone (microns)
D, diopter; mm, millimetre. ‘Based on analysis of variance
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6-18) months. No significant visible haze was observed
at the final postoperative examination. The surgery
and the postoperative period were uneventful in all
patients. The cornea re-epithelialized by one week after
treatment. In the early postoperative period, all eyes
had minimal anterior stromal corneal haze that resolved
approximately 3 months postoperatively. Table 1 shows
different topographic indices before and after CXL
therapy. There was no statistically significant difference
in any of these parameters.

Mean preoperative uncorrected visual acuity (UCVA)
was 0.54 + 0.35 (range, 0-1.20) LogMAR and mean
preoperative best-corrected visual acuity (BCVA) was
0.21 + 0.19 (range, 0.0-0.68) LogMAR. Postoperatively,
these values were 0.49 + 0.34 (range, 0.0-1.20) and
0.16 = 0.17 (range, 0.0-0.68) LogMAR, respectively,
indicating a significant improvement in both
UCVA (P =0.01) and BCVA (P = 0.01) postoperatively.

48.51+3.44 48.31+3.14 0.43
50.66+3.75 50.42+3.76 0.42
46.37+3.40 46.21+2.86 0.55
4.35+1.99 4.33+2.15 0.89
45.91+2.84 46.04+2.21 0.67
47.73+2.83 47.77+2.90 0.83
44.08+3.91 44.32+1.99 0.70
2.99+1.92 3.45+2.29 0.08
—7.24+0.67 —-7.18+0.55 0.55
-7.63+0.75 -7.60+0.65 0.78
—6.85+0.62 —-6.77+0.57 0.43
—-0.78+0.38 -0.78+0.62 0.97
7.15+5.36 8.06+6.63 0.16
4.03+2.61 4.40+3.33 0.10
1.82+0.43 1.79+0.50 0.41
0.89+0.36 0.90+0.47 0.82
97.60+0.0 97.59+0.09 0.32
8.18+4.42 9.35+7.24 0.12
6.79+4.61 8.16+7.45 0.10
2.92+1.82 2.73+1.96 0.43
3.82+1.78 3.98+2.60 0.55
73.25+32.96 72.24+32.27 0.77
87.38+25.92 87.61+26.53 0.94
7.35+0.35 7.40+0.33 0.08
6.04+0.47 6.01+0.44 0.65
18.12+9.32 18.73+11.63 0.58
32.82+16.66 34.73+18.78 0.25
19.24+11.28 20.55+14.66 0.51
38.42+42.95 36.10+28.66 0.78
40.46+16.52 47.61+33.87 0.12
76.76+55.46 88.12+61.75 0.18

JOURNAL OF OPHTHALMIC AND VIsION REseArcH 2015; Vol. 10, No. 4



Scheimpflug Corneal Imaging After CXL for KCN; Sadoughi et al

After the procedure, 20 (57.1%) eyes maintained their
preoperative UCVA; 6 (17.2%) eyes gained one to two
lines, and 5 (14.3%) eyes gained three lines; in contrast
4 (11.4%) eyes lost one line of UCVA. Furthermore,
21 (60.0%) eyes experienced no change in BCVA,
12 (34.3%) eyes showed a gain of 1 to 3 lines and 2 (5.7%)
eyes experienced a loss of one line of BCVA.

Mean cycloplegic SE refractive error was — 4.13 + 2.65
(range, —12.5 to — 0.25) D, preoperatively and —4.67 +2.96
(range, —14.5 to 0.0) D, postoperatively (P < 0.001).
Mean refractive astigmatism was —3.89 + 1.63 (range,
-8.0 to —0.50) D and —-3.88 + 1.81 (range, —9.0 to 0.0) D,
respectively (P = 0.95). Refractive astigmatism decreased
from 4.25 to 3.25D in 14 (40.0%) eyes and showed no
change in 4 (11.4%) eyes. Deterioration of refractive
astigmatism (from 0.25 to 1.0 D) was observed in 17
(48.6%) eyes. One year after CXL, manifest sphere
decreased by a mean of -2.75 D in 13 (65%) eyes while no
change was observed in 7 eyes (35%). Manifest cylinder
decreased by a mean of -1.68 D in 15 (75%) eyes but no
change occurred in 5 eyes.

Preoperative mean keratometry was 48.74 + 3.84
(range, 43.75 to 58.87) D and remained unchanged
postoperatively at 48.53 + 3.74 (range, 43.45 to 58.54
D, P = 0.18). Keratometric astigmatism demonstrated
a non-significant reduction from 4.93 + 2.29
(range, 0.75 to 10.0) D preoperatively to 4.75 + 2.34
(range, 0.75 to 9.0) D after the procedure.

In 19 eyes an increase in postoperative mean
keratometry was observed which ranged from 0.03
to 1.16 D (group 1). Flattening of mean keratometry
ranging from 0.05 to 3.98 D occurred in 16 eyes
(group 2). There was no significant difference between
these two subgroups in terms of preoperative
parameters including BCVA, keratometry readings and
pachymetry [Table 2].

Corneal thickness at the central, paracentral and
peripheral zones, as well as at the thinnest point was
measured prior to the operation and at final follow-up
[Table 3]. No significant difference was observed in any
of these measurements.

The improvement in UDVA was slightly correlated
with an improvement in the index of surface
variance (mean change 10.50 + 8.2; P < 0.001) from
baseline to 12 month after the procedure. However,
improvements in UDVA and CDVA during one
year were not correlated with improvements in the
minimum radius.
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UCVA (logMAR) 0.54+0.38 0.55+0.32 0.92
BCVA (logMAR) 0.21+0.23 0.20+0.11 0.81
Refractive sphere (D) —2.42+2.87 -1.91£2.09 056
Refractive cylinder (D) 4.13+1.38 3.59+1.89 0.34
Mean keratometry (D) ~ 48.26+3.80 49.32+393 042
Central corneal 496.7+28.6 489.2+329 048
thickness (um)

Paracentral corneal 560.4+25.4 559.3+42.3 092
thickness (um)

Peripheral corneal 655.6+£58.7 660.9+99.5 0.85
thickness (um)

Thinnest corneal 463.4+35.8 454.6+48.2 0.55

thickness (um)

LogMAR, logarithm of the minimum angle of resolution; UCVA,
uncorrected visual acuity; BCVA, best corrected visual acuity; D,
diopter; um, micrometer

Central 493.3+30.4 488.4+36.9 0.29
Paracentral 559.9+33.6 558.1+36.1 0.59
Peripheral 658.0+78.7 649.9+70.3 0.26
Thinnest 459.2+41.6 458.8+43.2 0.78

pm, micrometer

There is mounting evidence on the efficacy of CXL
treatment® using the photosensitizer riboflavin and
UV-A light with a wavelength of 370 nm in halting the
progression of keratoconus®®! and corneal ectasia after
refractive surgery!”#! with minimal toxicity.*? In this
study, we evaluated the 1-year postoperative changes
in visual acuity, keratometry, and seven anterior surface
topographic indices induced by CXL. We found no
significant differences in pachymetric and elevation
data postoperatively. Using the Pentacam topographer,
Greenstein et al reported a statistically significant
decrease in the index of surface variance, index of
vertical asymmetry, keratoconus index and minimum
radius of curvature one year after CXL therapy.
However, there was no significant change in central
keratoconus index, index of height asymmetry and index
of height decentration.!® Koller et al found significant
improvement in 4 out of 7 Pentacam topography indices
(central keratoconus index, keratoconus index, index of
height asymmetry, minimum radius of curvature) one
year after CXL.'"! Using Scheimpflug elevation maps
in the present study, there was no significant change
in anterior or posterior corneal elevation values in the
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present study, which provides additional evidence
for stability of the corneal surface. This observation
is comparable to the results reported by Grewal
et al "™ who observed no significant differences in BCVA,
SE, cylinder vector, central corneal thickness, anterior
corneal curvature, posterior corneal curvature, and
posterior corneal elevation.

It has been well-documented that CXL almost
invariably results in some central anterior corneal
flattening.!"**! Similarly, our results indicate that the
minimum radius of curvature, defined as the inverse
of corneal steepness, was increased postoperatively
in agreement with the decrease in anterior surface
keratometry. Improved visual acuity after CXL might
be expected to result from improved topographic
regularity. This study attempted to address these issues
and quantitate topographic changes. Improvements in
corrected or uncorrected distance visual acuity were
not correlated with improvements in postoperative
indices except for the index of surface variance, which
demonstrated a mild significant correlation.

The results of the current study have shown that
the progression of keratoconus was stopped, which
is in line with other clinical reports indicating that
CXL halts the progression of ectasia, improves corneal
keratometry and refractive status.”?"! However, the
recent reports have not been confirmed the effectiveness
of CXL in all circumstances. The increasing strength in
biomechanical postoperative characteristics of the cornea
reduces the progression of keratoconus and ectasia which
canimprove the patients” keratometric and visual acuity
outcomes, postoperatively.[®!152327]

We did not encounter any complications in this case
series. However, several case reports and original studies
have reported complications ranging from insignificant
stromal haze to sight-threatening infectious keratitis and
non-infectious corneal melting. Microbial keratitis after
CXL occurs rarely. Keratitis following CXL has been
reported due to herpes simplex,?! Acanthamoeba,*!
and a number of bacteria such as Escherichia coli, and
staphylococcus and streptococcus species.*2! Sterile
keratitis may be another complication of CXL.5!

Limitations of our study were short-term follow-up
and a relatively small number of patients.

In summary, corneal CXL is a safe and effective
method for halting the progression of keratoconus which
may avoid or at least delay corneal transplantation.*!
However, more experience is required to determine its
long term efficacy and safety.
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