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ABSTRACT

Background: As photochemical reaction that can stiffen
the cornea, CXL is the only promising method of
preventing progression of keratectasia such as KC and
secondary ectasia following refractive surgery. The aim
of CXL is to stabilize the underlying condition with a
small chance of visual improvement.

Objective: To show the sequences of changes in visual
acuity and topographic outcomes during 1 year post CXL
for patients with progressive Keratoconus.

Type of the study: Cross sectional study

Methods: CXL procedure was done for 45 eyes with
progressive KC. The following parameters had been
monitored pre operatively, 1, 3, 6 and 12 months
postoperatively: K apex, K2, corneal thickness at
thinnest location, anterior and posterior elevation points,
BCVA and UCVA. Placido -Scheimpflug topography
(Sirius) device had been used to monitor the corneal
parameters of the study. One -way ANOVA and Paired
sample T test was used for statistical analysis.The study
done in Lasik specialty center /Baghdad/Iraq

Results: At 1 year, an averages flattening of (2.11 D)
diopter in K2 and (1.88 D) diopter in K apex were found.
Mean BCVA improved by 1 line from (0.18) Log MAR to
(0.13) Log MAR and mean UCVA improved by 3.5 lines
from (0.89) to (0.64) log MAR. The corneal thickness at
thinnest location was 5.71 Mm less than the baseline.

All the above mentioned parameters showed a trend of
worsening between the baseline and 1 month, and
improvement thereafter. We found no statistically
significant changes in the anterior elevation points while
the posterior elevation point changed (increased)
significantly.

Conclusions: Corneal collagen cross-linking seems to be
effective in decreasing progression of KC , with
improvements in optical measures in many patients.
Post operative parameters discussed within this review
followed a seemingly reproducible trend in there natural
course over 12 months .Generally, the trend that
observed was immediate worsening between baseline
and 1 month resolution at approximately 3 months, and
improvement thereafter.

Key words: Keratoconus, collagen cross-linking, K
apex: keratometric value at the apex of the cone, K2: the

steepest simulated K reading.
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eratoconus is a degenerative, non
inflammatory ectasia of the cornea with
documented changes in the corneal epithelial
basement membrane structure'3, in stromal collagen
composition, distribution and organization leading to
lamellar and /or fibrillar slippage®*® , in extracellular
matrix component 2, and in keratocyte morphology and
cell -matrix interactions 2. In addition, collagen loss ,
proteoglycan changes and up regulation of degenerative
enzymes® has been shown in KC , all these changes
lead to biomechanical instability and make it a
progressive disease. Manifestations of the disease vary
from slight irregular astigmatism to visual impairment
secondary to corneal scarring. Progressive distortion
and bowing of the cornea result in optical aberrations
and in some cases inability to achieve functional vision °
.Treatment option of KC based on refractive correction
with spectacles, contact lens intracorneal ring
implantation to correct astigmatism and restore visual
acuity such modalities doesn’t stop ectatic progression
and further visual deterioration will ultimately necessitate
corneal transplant in 10-20 % of cases™ .
Corneal CXL using UV-A and riboflavin was first
introduced by Wollensak et al. in 2003 as a method to
halt progression of the disease.
The mechanism of CXL is that riboflavin as a
photosensitizer which saturated cornea is exposed to

UV-A light irradiation and excited into an activate state
generating some reactive oxygen species which lead to
formation of covalent bonds between collagen molecules
that increase the stiffness the cornea "2

It had been estimated that CXL result in strengthening
of the human cornea by 328.9%. A beneficial side effect
of CXL in many patients is flattening and regularization
of conic corneal shape which in turn can cause reduction
of myopia and astigmatism'3-'¢ .Given its relatively low
treatment failure and complication rates , CXL has
become widely accepted internationally ,as one of the
front line treatment option for KC and postoperative
ectasia .

The current study aimed to show the natural courses
of keratometric, pachymetric and visual acuity outcomes

during 1year follow up after CXL.

Patients and methods: Forty five eyes of 30 patients
with progressive KC were enrolled in this prospective
study; they were documented as having progressive KC
as they had one or more of the following changes over 6
months period: An increase of 0.5 diopter (D ) or more in
the steepest simulated K value (K2) ,an increase of 0.25
diopter( D )or more in the manifest spherical equivalent
or an increase of 0.5 diopter (D) or more in the manifest
cylinder and decrease in patient’s visual acuity by 1 or
more Log MAR lines. For those under 20 years old no
such documentation was required and they were
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considered as progressive solely on the basis of their
age as major determinant of KC progression.All patient
provided informed consent .

Inclusion criteria:

1. Age from 11 to 40 years.

2. No opacities or scaring on slit lamp

3. Pachymetry reading >400 Mm at thinnest point of the
cornea as measured by the corneal topography.
Exclusion criteria:

1. Pregnancy or nursing

2. Background systemic disease such as diabetes or
collagen tissue diseases.

3. Any other previous or current treatment(s) for
keratoconus except contact lens.

4. Unwilling patient to enroll into the study.

The following parameters were examined preoperatively
and at 1, 3, 6 and 12 months postoperatively :

UCVA, BCVA and topographic analysis by Scheimpflug-
Placido corneal topography included: the steepest
simulated keratometry (K2), apex keratometry (K apex),
corneal thickness at thinnest (within 9 mm area) point of
the cornea, anterior and posterior elevation points
values.

CXL Treatment Protocol:

We treated all the 45 eyes using the surgical protocol
first described by Wollensak et al .

After application of topical anesthesia, mechanical
debridement of corneal epithelium was performed over
the central 9mm zone.

Initial loading dose of riboflavin (0.1% in 20% Dextran
T500 solution; Medio-Cross; Peschke Miditrade GmbH,
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Switzerland) by applying topical riboflavin in 2 -min
interval during the initial 30 min . At conclusion of the
loading phase stromal riboflavin saturation was
confirmed by slit lamp examination. For those eyes with
CCT <400 Mm after epithelial removal hypotonic
riboflavin used (0.1% in sterile water MedioCross
hypotonic) it was installed each 10 -s intervals over 2-
min session and can repeated until US pachymetry at
thinnest location measured 400 Mm .Once adequate
thickness confirmed corneal treatment zone was
exposed to UVA source emitting selective WL of 365 nm
at irradiance 9mW/cm? for 10 minutes.

At the end of treatment antibiotic-steroid; tobramycin-
dexamethasone eye drops (tobradex) installed before
placement of bandage contact lens which was removed
at 5" post-operative day .While the antibiotic-steroid eye
drop continues for 2 weeks 4 times daily.

Statistical analysis:

Statistical data are presented as mean +SD. Statistical
analysis was performed using Minitab17. P value less
than 0.05 was considered to be of significance.
Preoperative (baseline) and postoperative parameters
were compared by using One- way ANOVA |, then the
baseline and the 12 months outcome parameters
compared by using paired -T- test.

Results: Demographics: forty-five eyes of 30 patients
were enrolled in this study .Out of 30 patients: 17 were
female and 13 were male .The mean age of the patients

was 25.26+6.11 (range 11 to 40 years): Table 1 showed
the patients preoperative and postoperative parameters.

Table 1 : visual acuity and topographic parameters at baseline and during follow- up

parameters baseline 1 month 3 months 6 months 12 months
K apex(D) 53.3046.26 54.46+7.08 52.3946.90 51.7045.68 51.4045.55

K2(D) 49.06+3.56 50.12+3.73 48.04+3.80 47.32+3.88 46.94+3.83

Pachymetry(Mm) 469+30.72 441.82+34.02 | 456.65+31.94 | 462.39+29.24 | 463.29+30.02

Ant.elevation (Mm) | 34.17+13.61 | 34.75+14.74 34.70£14.23 34.80+15.20 34.23+13.55

Post.elevation(Mm | 74.11£25.71 | 78.81+£23.44 78.99+.24.45 | 80.82+25.66 | 80.39+24.33

UCVA (Log MAR) 0.89+0.58 1.08+£0.54 0.81+0.52 0.68+0.45 0.64+0.43

BCVA (Log MAR) 0.18+0.21 0.37+0.23 0.19+0.20 0.15+0.18 0.13+0.17

K apex :keratometric value at apex of the cone ,K2: steepest simulated k, pachymetry: thickness at

thinnest comeal location, BCVA: best corrected visual acuity, UCVA: un corrected visual acuity

The natural course in keratometric values can be shown in figures 1 and 2.

26 1 Figl.Changes in K apex during 1 year 5y -
Fig.2 Changes in K2 during 1year
T follow up
= 8 50 -
[ o—
i3 =)
9 >
8 5 S5 48 -
] g 50
& N :
4
¥ 50 g
44 -
48
R D NG X 2
& @00 & & S
N q}(\ Q)((\
AL- Kindy Col Med J 2016:Vol. 12 No.1  www.kmjub.com 75



The natural courses of keratometric

Keratometric data that collected by Scheimpflug-Placido
topography across all time period (baseline, 1 month,3
months,6 months and 12 months) included K apex and
K2. We noticed a statistically significant changes K apex
and K2 during the whole follow up period P value
0.005, 0.001 respectively. A significant steepening in K
apex and K2 at 1 month post CXL by 1.16 D and 1.06 D
respectively with p value( <0.005) for both. This
steepening succeeded by significant keratometric
flattening between the study interval 1 to 3 months,3 to 6
months and 6 to 12 months. The mean flattening of K
apex at 12 months post CXL was 1.88 D which was
statistically significant reduction (p value =0.000).
While the mean flattening of K2 at 12 months post CXL
was 2.11 D which was statistically significant reduction p
value=0.000.
Corneal thickness outcomes:
A statistically significant thinning (P value =0.000) was
found at 1 month which was followed by a meaningful
corneal thickening was observed between 3 and 6
months (p=0.001)
While no statistical significant difference in pachymetry
at interval between 6 to 12 months (p value=0.17).
It was noticed that pachymetry data at 1 year remained
slightly decreased compared to the base line
pachymetry (p value 0.000). The trend of natural
pachymetry course can be seen in figure3.
Elevation points changes:
Anterior elevation point values at 1 year not changed
significantly (p value =0.142) from the baseline while the
posterior elevation points changed significantly
(increased) with  p value=0.000 .
Visual acuity outcomes:
The mean BCVA improved by (1 line) from 0.18 Log
MAR at baseline to 0.13 log MAR at 12 months post
CXL. Which reached a statistical significance p value
=0.001. A review of BCVA time course (fig.4) showed a
statistically significant worsening (2 lines decrease) at
1month (p =0.000) followed by significant improvement
between study intervals 3 to 6months (p =0.000) and 6
to 12 months ( p =0.013). There was an average (3.5
lines) line improvement in UCVA from 0.89 log MAR at
baseline to 0.64 Log MAR at 12 months (P= 0.000) post
CXL. The time course of UCVA mirrored the trend of
BCVA, where a statistical significant worsening at
1month (p = 0.000) followed by improvement thereafter
as figure 5 showed
.Discussion: Though not approved by FDA in the
United States, corneal collagen-cross linking,
internationally, has emerged as a frontline treatment
option for KC and ectasia, particularly in those patients
with documented disease progression. Corneal
collagen-cross linking has been purported to enhance
corneal biomechanics®,'” and stabilize these corneal
ectatic disorders with good safety profile?# 518" 12
Improvement in topographic , visual , refractive and
aberrometric parameters have also been reported
;notwithstanding ,continual disease progression and
further loss of vision have been observed in some
patient after CXL treatment.'s' 16’ 20- 22

According to the results of the current study an
average of (2.11 D),(1.88 D) flattening in K 2 and K
apex respectively were found at T1year.Ourfinding
support findings of other studies that also have reported
K apex flattening ranging from 1.42 to 2.01 D*¥ 162
While monitoring the course of postoperative
keratometric responses in this study, we further
observed a trend of significant steepening in K2 and K
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apex at 1month that was succeeded by significant
flattening between 1 to 3 months, 3 to 6 months and 6 to
12 months. This is in agreement with findings reported
by Raiskup -Wolf et al .*¢, and Caporossi et al 22. Who
described continual flattening of K values even beyond 1
year and in contrast to result reported by Chang CY et al
24 who described no further changes in k readings after
6months.

Visual acuity outcomes: Clinical studies have shown
that CXL may also ameliorate VA in addition to
topographic and aberrometric outcomes 162922,

Changes in visual outcomes were carefully
documented over time because a comprehensive
understanding of postoperative time course in visual
responses will greatly help physicians in setting realistic
patient expectations after CXL.

The time courses of UCVA and BCVA mirrored each
other; again, both followed a similar trend as other
postoperative parameters discussed earlier .Worsening
in VA can be observed at 1month;thereafter ,a trend of
significant improvement was observed between 1 to3
months,3 to 6months and 6 to 12 months thus we found
continual improvement after Tmonth post CXL treatment.
Corneal thickness:  Progressive corneal thinning has
generally been regarded as a sign of worsening in
keratectatic diseases, and yet, such events have been
described in many cases after CXL treatment 1920'22 25,
Therefore understanding the natural history of corneal
pachymetry after CXL can serve as foundation for proper
evaluations of this procedure s efficacy and safety.
The natural course of the pachymetric changes across
the 12months corresponded well with the time courses
of corneal haze :significant thinning between base line
and 3 months with significant improvement between 3 to
12 months ;however, pachymetric data at 1 year still
remained lower than the baseline .The underlying
mechanisms of corneal thickness changes in its
postoperative course are yet unclear but it may be
attributed to corneal de-epithilization that was performed
during the operative procedure, postoperative keratocyte
apoptosis and structural changes in collagen fibrils and
extracellular matrix2¢. Our result similar to that conducted
by Caporossi et al .22 and Chang CY et al .
Topographic analysis of anterior elevation points
values showed no significant change but the posterior
elevation points values changed significantly (increased)
provided that the elevation data gained by the optical
devices may not be reliable after CXL procedure .The
corneal haze and demarcation line present after the
procedure may disturb data acquisition by the instrument
as Koller et al > #had shown.
These data acquisition artifacts may also affect
pachymetric measurement as well. Beside, US
pachymetry in these instances, is not absolutely valid as
thickness measurements are questionable in moderate
and sever KC which had been shown in various
studies.?s 28" 2° Our results in topographic analysis of the
elevation points post CXL support the results of Mirzaei
M et al. * while Grewal et al 3. didn’'t observe
significant changes in anterior or posterior elevation
points.
Conclusions :to conclude, from our study, we reached an
understanding that CXL provides a new hope for
patients with progressive KC. There is increases
evidence that CXL not only halt the progression in the
keratoconic eye by corneal tissue strengthening, but
also improve visual outcomes.
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Recommendations: CXL is the only treatment aimed to
the original pathology in these patients; thus, we think
that it should be performed as a standard treatment for
all cases provided following the exclusion criteria
mentioned before .As proved by our study visual acuity
and corneal shape still didn’t reach the normal
standards; we thus recommended combining CXL with
other procedures such as corneal ring insertion or the
newly arouse topography-guided photorefractive
keratectomy with CXL according to need. A longer
duration of follow- up is recommended for any further
studies, which will help further validate the results.

Fig.3 Interval Plot of pachymetry during 1 year follow up
95% CI for the Mean

480

Corneal thickness (Mm)
£ & & bS]
5 3 S 3

430
Preoperative 1month 3months 6 months lyear

The pooled standard deviation was used to calculate the intervals.

Fig4 Interval Plot of BCVA during lyear follow- up
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Fig.5 Interval Plot of UCVA during 1 year follow up.
95% CI for the Mean

UCVA( LogMAR)
S o2 o o2 o 2 = P
o > Y ® © o = N

0.4
Preoperative 1month 3months 6months lyear

The pooled standard deviation was used to calculate the intervals.

........ Dr. Suzan Amana Rattan

References:

1.Tuori AJ,Virtanen |,Aine E, et al.The
immunohistochemical composition  of  epithelial
basement membrane in Keratoconus. Curr Eye
Res.1997; 16: 729-801.

2.Cheng EL,Maruyama I,Sundar Raj N, et al. Expression
of the type Xll-collagen and hemi desmosome-
associated protein in Keratoconus corneas. Curr Eye
Res.2001; 22: 333-340

3. Kenney MC , Nesburn AB,Burgeson RE, et al
Abnormalities of extracellular matrix in Keratoconus
corneas.Cornea.1997;16:345-351.

4. Daxer A, Fratzel P, et al .Collagen fibril orientation in
the human corneal stroma and its implication in
Keratoconus. Invest Opthalmol VisSci .1997; 38 :121-
129.

5. Rander W, Zehetmayer M, Skorpik C, et al. Altered
organization of collagen in the apex of the Keratoconus
corneas .Ophthalmic Res .1998; 30: 327-332.

6. Kaldawy RM, Wagner J, Ching S, et al .Evidence of
apoptotic cell death in Keratoconus. Cornea .2002;
21:206-209.

7. Rock ME, Moore MN, Anderson JA, et al. 3-D
computer model of human keratocyte .CLAO
J.1995;21:57-60.

8. Yue BY, Baum JL, Smith BD, et al. Identification of
collagens synthesized by culture of normal human
corneal and Keratoconus stromal cells. Biochim Biophys
Acta.1983; 755: 318-325.

9.Caporossi A, Biaocchi S, Mazzota C, Traversi ,
Caporossi T, et al .Para surgical therapy for Keratoconus
by riboflavin -ultraviolet light A rays induced cross-
linking of corneal collagen : preliminary refractive results
in an ltalian study. J Cataract Refract Surg 2006;
32(5):837-845.

10. Goldich Y, Barkana Y, Wussuku Lior O, et al.
Corneal collagen cross linking for treatment of
progressive Keratoconus: 3- year prospective outcome.
Can J Ophthalmol 2014; 49:54-59.

11. Raiskup F, Spoerl E.et al.Corneal crosslinking with
riboflavin and ultraviolet A. I.Priceples.Ocul Surf 2013;
11(2):65-74.

12.McCall AS, Kraft S, Edelhauser HF, Kidder GW,
Lundquist RR, et al .Mechanisms of corneal tissue
cross- linking in response to treatment with topical
riboflavin and long -wave ultraviolet

AL- Kindy Col Med J 2016:Vol. 12 No.1  www.kmjub.com 77



The natural courses of keratometric

radiation(UVA).Invest Opthalmol VisSci 2010;51(1):129-
138.

13.Wollensak G,Spoerl E,Seiler T, et al . Stress-Strain
measurements of human and porcine corneas after
riboflavin -ultraviolet -A-induced cross linking .J Cataract
Refract Surg .2003 ;29:1780-1785.

14. Wollensak G , Spoerl E ,Seiler T, et al
Riboflavin/ultraviolet -A-induced collagen crosslinking for
treatment of Keratoconus. Am JOphthalmol.2003;
135:620-627.

15. Hersh PS, Greenstein SA, Fry K, et al. Corneal
collagen cross linking for Keratoconus and keratectasia:
1 year results .J Cataract Refract Surg .2011;37: 149-
160.

16. Raiskup-Wolf, Hoyer A, Spoerl E, et al. Collagen
crosslinking with riboflavin and ultraviolet-Alight in
Keratoconus: long term results. J Cataract Refract Surg
.2008; 34:796-801.

17.AhearneM,YangY ,Then KY, et al .Non-destructive
mechanical characterization of UVA/riboflavin cross
linked collagen hydrogel .Br .J  Ophthalmol
2008;92:268-271 .

18.Hafezi F ,Kanellopoulos J,Wiltfang R, et al. Corneal
collagen crosslinking with riboflavin and ultraviolet A to
treat keratectasia after Laser in situ keratomileusis . J
Cataract Refract Surg2007;33: 2035-2040.

19. Vinsiguerra P, Camesasca Fl, Albe E, et al. Corneal
collagen crosslinking for ectasia after excimer laser
refractive surgery:1-year results .J Refract Surg 2010;26
:486-4978.

20. Vinsiguerra P ,Albe E, Trazaa S, et al. Refractive,
topographic ,tomographic, and aberrometric analysis of
keratoconic eyes undergoing corneal crosslinking
.Ophthalmology 2009;116:369-378.

21.Koller T ,Mrochen M, et al. Complication and failure
rates after corneal crosslinking J Cataract Refract Surg
2009;35:1358-1362.

22. Caporossi A, Mazzotta C , Baiocchi S, et al .Long
term results of riboflavin ultraviolet A corneal collagen
crosslinking for Keratoconus in ltaly :The Siena Eye
Cross Study .Am J Opthalmol 2010;149:585-593.

23. Greenstein SA, Fry KL, Bhatt J ,et al .Natural history
of corneal haze after corneal collagen crosslinking for
Keratoconus and corneal ectasia. : Scheimpflug and
biomicrscopic analysis. J Cataract Refract Surg
2010; 36: 2105-2114.

24. Chang CY , Hersh PS et al .Corneal collagen cross
linking :A Review of 1 Year outcomes. Eye and Contact
Lens 2014; 40: 345-352 .

........ Dr. Suzan Amana Rattan

25. Koller T, Iseli HP, Hafezi F , et al .Scheimpflug
imaging of corneas after cross-linking. Cornea 2009; 28
:510-515.

26.Krantiz K ,Kovacs |,Mihaltz ,et al .Corneal changes in
progressive Keratoconus after crosslinking assessed by
Scheimpflug camera .J Refract Surg 2012;28:645-649.

27. Koller T , Pajic B Vinciguerra P, Seiler T et al.
Flattening of the cornea after collagen crosslinking for
Keratoconus .J Cataract Refract Surg 2011; 37: 1488-
1492.

28. Gherahel D, Hosking SL, Mantry S, Naroo SA et al
.Corneal pachymetry in normal and Keratoconus eyes.
Orbscan 1l versus ultrasound . J Cataract Refract Surg
2004; 30:1272-1277.

29. Ucakhan OO, Ozakan M, Kanpolat A et al. Corneal
thickness measurements in normal and keratoconic
eyes: Pentacam comprehensive eye scanner versus non
contact specular microscopy and ultrasound
pachymetry. J Cataract Refract Surg 2006;32: 970-977.

30. Mirzaei M , Mortazavi SZ, Taheri N ,Najafi A, at al.
Effect of collagen crosslinking on  corneal Optical and
Topographic Characteristics in Progressive
Keratoconus. Adv Ophthalmol Vis Sys 2015 ; 2:43-48.

31.Grewal DS ,Brar GS ,Jain R, Sood V,Singla M et al
.Corneal collagen crosslinking using riboflavin and
ultraviolet- A light for Keratoconus :one -year analysis
using Scheimpflug imaging 2009;35:425-432.

AL- Kindy Col Med J 2016:Vol. 12 No.1  www.kmjub.com 78



