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ABSTRACT Objective: To evaluate the three-year results of accelera-  OZET Amag: Keratokonus hastalarinda hizlandiriimis korneal kol-
ted corneal collagen crosslinking treatment in keratoconus patients. Ma-  lajen capraz baglama (KKCB) tedavisinin 3 yillik sonuglarinin
terial and Methods: Fifty eyes of 50 keratoconus patients were degerlendirilmesi amaglanmistir. Gere¢ ve Yontemler: Progresif ker-
retrospectively reviewed. An accelerated corneal crosslinking treatment  atokonusu olan 50 hastanin 50 gozii retrospektif olarak incelendi.
procedure was performed on the patients who exposed 9 mW/cm? irra-  Hastalara 10 dk 9 mW/cm? ultraviyole-A ile hizlandirilmis KKCB te-
diance ultraviolet-A with riboflavin for 10 minutes. All cases were eva-  davisi uygulandi. Tiim olgularin operayon ncesi ve sonrasi 6. ay, 1.
luated with best corrected visual acuity (BCVA), topographic, yil, 2. yil, 3. yildaki, en iyi diizeltilmis gérme keskinligi (EIDGK),
tomographic, and topometric parameters, along with corneal densito-  topografik, tomografik, topometrik ve dansitometrik parametreleri
metry, using the Scheimpflug imaging system (Pentacam® HR, Oculus  (Pentacam® HR, Oculus Inc., Wetzlar, Almanya) degerlendirildi. Bul-
Inc., Wetzlar, Germany) preoperatively and postoperatively at the sixth ~ gular: Caligmaya katilan hastalarin yas ortalamasi 21,7+5,1 yil idi.
month and first, second, and third years. Results: The mean age of the ~ Operasyon sonrasi 6. ay, 1, 2 ve 3. yildaki EIDGK degerinde op-
patients was 21.745.1 years. BCVA was statistically significantly im-  erasyon Oncesine gore istatistiksel olarak anlamli artis saptand:
proved at the sixth month and first, second, and third years when com-  (swrastyla; p=0,001; p<0,001; p<0,001; p<0,001). Operasyon sonrasi
pared to preoperative values (p<0.001, for all). Anterior K .. values 1, 2 ve 3. yildaki anterior maksimum keratometri degerinde istatis-
decreased statistically significantly at the postoperative first, second,  tiksel olarak anlamli azalma saptand: (sirasiyla p<0,001; p<0,001;
and third years (p<0.001, for all). The thinnest corneal thickness dec-  p<0,001). Tiim takiplerde en ince kornea kalinliginda, operasyon
reased statistically significantly at the sixth month and first, second, and ~ 6ncesine gore istatistiksel olarak anlamli azalma oldugu saptandi
third years when compared to preoperative values (p<0.001, for all). An-  (sirastyla p<0,001; p<0,001; p<0,001; p<0,001). Operasyon sonrasi 6.
terior elevation values decreased statistically significantly at the sixth  ay, 1, 2 ve 3. yildaki on elevasyon degerlerinde istatistiksel olarak
month and first, second, and third years when compared to preoperative  anlamli azalma oldugu saptandi (sirastyla p<0,001; p<0,001; p<0,001;
values (p<0.001, for all). No significant corneal densitometric change  p<0.001). Tiim tabakalarda 10-12 mm zonda korneal dansitometride
was found on the 10-12 mm zone at all layers (p>0.05, for all). The mean  tedavi sonrasi anlamli degisiklik saptanmadi (Tim takipler icin
vertical coma, spherical aberration, high-order aberration, and total cor- ~ p>0,05). Ortalama vertikal koma, sferik aberasyon, yiiksek sirali
neal aberration values were significantly decreased at the first, second,  aberasyon, total aberasyon degerlerinde 1, 2 ve 3. yilda istatistiksel
and third years when compared to preoperative values (p<0.05, for all).  olarak anlamli azalma saptand: (Ttim takipler i¢in p<0,05). Sonuc:
Conclusion: Accelerated corneal crosslinking treatment reduces the risk ~ Hizlandirilmis KKCB tedavisi keratokonus progresyonunu durdur-
of keratoconus progression and provides visual, topographic, and aber-  makta ve bazi hastalarda gorsel, topografik ve aberometrik diizelme
rometric improvement in some patients. Therefore, accelerated corneal ~— saglamaktadir. Bu nedenle hizlandirilmis KKCB, ilerleyici kera-
crosslinking treatment is an effective treatment method to prevent prog-  tokonus hastalarinda ilerlemeyi 6nlemek amaciyla uygulanabilecek
ression in progressive keratoconus patients. etkin bir tedavi yontemidir.

Keywords: Keratoconus; corneal topography; riboflavin Anahtar Kelimeler: Keratokonus; kornea topografisi; riboflavin

Correspondence: Gézde AKSOY AYDEMIR
Department of Ophthalmology, Adiyaman University Training and Research Hospital, Adiyaman, TURKEY/TURKIYE
E-mail: gzdaksoy@hotmail.com

Peer review under responsibility of Turkiye Klinikleri Journal of Ophthalmology.
Received: 15 Jul 2020 Received in revised form: 24 Aug 2020 Accepted: 31 Aug 2020 Available online: 31 Dec 2020

2146-9008 / Copyright © 2021 by Tiirkiye Klinikleri. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.orglicenses/by-nc-nd/4.0/).

97


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0001-6969-0095
https://orcid.org/0000-0002-6414-2695
https://orcid.org/0000-0001-7100-9107
https://orcid.org/0000-0002-7461-6129
https://orcid.org/0000-0002-5708-9283
https://orcid.org/0000-0002-6896-2949

Emre AYDEMIR et al.

Turkiye Klinikleri J Ophthalmol. 2021;30(2):97-106

Keratoconus is a degenerative disease that leads
to irregular astigmatism and decreased visual acuity
as a result of progressive thinning in the cornea.'?
Current treatments have two goals: stopping the dis-
ease and increasing the vision.® Treatments such as
glasses and contact lenses, which are used to correct
refractive errors, cannot prevent progression, and
eventually corneal transplantation in keratoconus pa-
tients may be necessary.*

Corneal collagen crosslinking (CXL) treatment,
first defined by Wollensak et al., can stop the pro-
gression of keratoconus using ultraviolet-A (UV-A)
light and riboflavin.’ Through this treatment, not only
are new covalent bonds created among the collagen
molecules biochemically but also the cornea is made
more stable. With this treatment, corneal rigidity has
been shown to increase, and the cornea becomes
more resistant to enzymatic destruction.®’ Clinical tri-
als support these findings.?’

The conventional CXL protocol is an application
of iso-osmolar 0.1% riboflavin solution to the cornea
with the epithelium extracted for 30 minutes. This is
followed by the application of 365-nm UV-A at a den-
sity of 3 mW/cm? lasting 30 minutes. Elimination of
the corneal epithelium facilitates riboflavin passing
adequately through the corneal stroma. Riboflavin is
a photosensitizing agent that visualizes free radicals.
The duration of treatment in the conventional method
lasts one hour-lengthy for both the patient and the
physician. According to the Bunsen-Roscoe rule,
when the total energy level remains constant, chang-
ing the energy and radiation duration does not alter
the photochemical reaction.!’ According to this rule,
the application of high-intensity energy for a shorter
time and the application of lower-intensity energy for
a longer time should have the same effect.

Our study aimed to evaluate the long-term ef-
fects of accelerated (9 mW/cm?) CXL treatment in
patients with progressive keratoconus.

I MATERIAL AND METHODS

This retrospective cross-sectional clinical study in-
cluded 50 eyes of 50 patients with at least 3-year fol-
low-up of accelerated CXL with the diagnosis of
progressive keratoconus in our hospital eye clinic. A
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consent form was signed after the patients or their
parents had been informed about the treatment before
the procedure. Ethical approval for the study was ob-
tained from the Numune Training and Research Hos-
pital Ethics Committee. The study was performed in
line with the Declaration of Helsinki.

PATIENT POPULATION

The study included patients aged between 9 and 50
years with clinically and topographically-proven pro-
gressive keratoconus, transparent cornea, and no
other ocular or systemic disease. A rise in maximum

keratometry (K,,,,) of more than 1 D in successive

max.
measurements in the last 6 months was acknowl-
edged as a progression criterion. Previous corneal
surgery, apical scar, active ocular infection, history
of herpetic keratitis, severe dry eye, pregnancy and
lactation, and connective tissue disease were speci-

fied as exclusion criteria.

FOLLOW-UP AND EVALUATION PARAMETERS

Patients with a follow-up of at least 36 months who
regularly attended their follow-ups were included.
Before and after CXL treatment, all patients were ex-
amined at 6 months, 1 year, 2 years, and 3 years. Be-
fore and after the control examinations, a Huvitz
HRK-7000A (Huvitz Co. Ltd., Korea) auto-refrac-
tometer was used for the measurements. Spherical
and cylindrical values of the patients were recorded.
The best corrected visual acuity (BCVA) of the pa-
tients was measured with a Snellen chart and con-
verted to logMAR for statistical analysis. Intraocular
pressure measurements were performed using a
Goldman applanation tonometer (Haag Streit, Inc.,
USA) and recorded.

Corneal topography examination was performed
with a Pentacam HR (Oculus Inc., Wetzlar, Ger-
many). Measurements were carried out by the same
technician using 3D scanning in 25 images/l sec
mode. Parameters obtained from Pentacam HR meas-
urements were: K, (steepest keratometry on the an-
terior surface of the cornea), corneal astigmatism
values, anterior surface elevation, posterior surface
elevation, thinnest corneal thickness, anterior and
posterior elevation values at the thinnest corneal
point, flat K (K1) and vertical K (K2) for central 3.0
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mm, and corneal asphericity (Q value) on the sagittal
curvature map; surface variance index, vertical asym-
metry index, keratoconus index, central keratoconus
index, elevation asymmetry index, and elevation de-
centralization index on the topometric map; and tre-
foil, coma, spherical aberration, high-order aberration
(HOA), and total corneal aberration in Zernike analy-
sis. Total corneal aberrations were calculated using
Pentacam software with the pupil center in a 6.0-mm
diameter central area.

In the densitometry measurements, the entire
cornea was separated into four concentric areas. The
first region comprised a 2-mm diameter circular area at
the center of the cornea. The second region was located
in the 2-6 mm annular area around the first region. The
third region was situated in the 6-10 mm annular area
around the second region, and the fourth region was
located in the 10-12 mm annular area around the third
region. This analysis also demonstrated values of the
cornea at three different depths. The anterior layer
possesses a surface area of 120 um, and the back
layer covers an area of 60 um from the back of the
cornea. The central corneal layer is between these two
layers. The corneal densitometry values are expressed
as the pixel luminance per unit volume in the
Scheimpflug image and they were expressed in
grayscale units. According to the degree of backscat-
tering light from the cornea, the measurements
ranged from 0 (maximum transparency) to 100 (com-
pletely opaque cornea).

TREATMENT PROTOCOL AND SURGICAL METHOD

Accelerated CXL treatment was performed on all pa-
tients by two experienced surgeons. An Apollo
M17KKDL (Meram Medicine, Turkey) crosslinking
apparatus was used as the UV device. The treatment
was performed in the operating room under sterile
conditions. Proparacaine HCI 0.5% ophthalmic solu-
tion (Alcaine®, Alcon, Fort Worth, TX, USA) was
used for topical anesthesia. Then, the eye and sur-
rounding area were cleaned with 10% povidone-io-
dine and covered with a sterile drape. The eyelids
were opened using a speculum. In the central cornea,
the epithelium was extracted via a blunt tip spatula in
the 8 mm diameter area. Every 2 minutes, iso-osmo-
lar riboflavin was instilled to the patients whose
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corneal thickness was over 400 pm (MERRIBO,
Meram Medical, Turkey). After 30 minutes, the
corneal thickness was again measured through ultra-
sonic pachymetry. Hypo-osmolar riboflavin solution
(0.1% riboflavin-5-phosphate in NaCl) was dropped
to patients with corneal thickness below 400 until
they reached 400 um. Radiation therapy was then ini-
tialized with UV-A (370 nm). The laser probe was
calibrated at a distance of 5 cm from the corneal apex
and UV-A was applied for 10 minutes at 9 mW/cm?
irradiance. Throughout the UV-A treatment, the ri-
boflavin solution was dropped every 2 minutes. At
the end of the CXL process, the patient’s eye was ir-
rigated with sodium chloride 0.9%, and a drop of 5%
moxifloxacin (Vigamox®, Alcon Laboratories, Inc.,
USA) was instilled before a soft contact lens was
placed (Bausch & Lomb PureVision™, Rochester,
NY, USA). Following the CXL treatment, patients re-
ceived 5% moxifloxacin (Vigamox®, Alcon Labora-
tories, Inc., USA) four times a day for 1 week and
0.5% loteprednol etabonate (Lotemax®, Bausch &
Lomb, Rochester, NY, USA) four times a day for 1
week. After 4 weeks, this was reduced to one drop
once a week. After the CXL treatment, the patients
were invited for a follow-up visit on the first day. On
the fifth day, contact lenses were removed following
epithelial healing.

STATISTICAL ANALYSIS

SPSS 24.0 (IBM Corp., NY, USA) was used for sta-
tistical analysis. All data are presented as mean+stan-
dard deviation. The normal distribution of the data
was evaluated using visual (histogram and probabil-
ity groups) and analytical (Kolmogorov-Smirnov and
Shapiro-Wilk) tests. In the comparison of the meas-
urements obtained preoperatively and at the sixth
month, first year, second year, and third year postop-
eratively, Student’s t-test was used in dependent
groups and the Wilcoxon test if non-parametric con-
ditions were met. A p-value of <0.05 was considered
statistically significant.

I RESULTS

Fifty eyes of 50 patients were included in the study.
The average age of the patients was 21.7£5.1 years;
19 (38.0%) were female and 31 (62.0%) were male.
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Table 1 displays the preoperative and follow-up BCVA, keratom-
etry, elevation, and corneal aspherity values and their comparison. -
While there was a statistically significant increase in BCVA values at :g_ § é § é § é % é
the sixth month, first year, second year, and third year after treatment pgBaaBdaiaaba
(p=0.001, p<0.001, p<0.001, p<0.001, respectively), there was no con-
siderable difference following the first year in BCVA levels when we -
compared the first and second years and the first and third years Sgag o es e
(p=0.164, p=0.146, respectively). ?. TC’; T‘i TC’; T‘i % T‘i o.O’:.’L ﬁui

When the keratometry values of the patients were examined (K1, ) -
K?2), a statistically significant decrease was found in sixth-month post- % :,: BAANE
operative values compared to the pretreatment levels (p=0.006, 2| s S S8 S8 o e o
p=0.004, respectively). Compared to the pretreatment period, there § il b il b Bl
was a statistically significant decrease in K, ,, values in the first year, % _
second year, and third year following the treatment (p<0.001, for all). § T R R E
In the third year after treatment, K, values decreased by 2.70 D com- % 'é E_ ,3‘,1 ;{; ,3‘,1 L,‘o; i ,3:,1 ,3‘,1
pared to pretreatment. % )

There was a statistically significant decrease in thinnest corneal ':%; %
thickness values at the 6" month, 1% year, 2" year and 3" year after the % ; § § § % § é § §
treatment (p<0.00, for all). In the third year following the treatment, a § § & 8 8 485 d b
decrease of 26.9 um was observed compared to pretreatment thick- = a
ness. A statistically significant decrease occurred in anterior elevation S e .8 lw
values at 6 months, 1 year, 2 years, and 3 years following treatment g > % de 38 % % 8
(p<0.001, for all). In the third year following the treatment, the ante- ; = § g g ; % § @ é
rior elevation value decreased by 6.5 pm compared to the pretreatment % = g
level. Compared to pretreatment, the Q value in the third year after g N B r

£ 2y 2o g2

treatment decreased by an average of 0.20. <| >3 g % % % :E' B é

Table 2 displays the preoperative and follow-up corneal densito- %g)_ = $ 83 % o g 5 E
metry values of the patients and their comparison. Compared to pre- g i
treatment, corneal densitometry values were considerably increased in ° . E-E_E . Z
the anterior layer of the cornea in the 0-2 mm zone at the sixth month, % ui = % é % % % 'ﬁ % §
first year, and second years; in the 2-6 mm zone at the sixth month and % * 5 § E $8 ; S g
first year; and in the 6-10 mm zone at the first, second, and third years g& %
(p<0.05, for all). Corneal densitometry values were significantly in- = - g
creased in the central layer of the cornea in the 0-2 mm zone at the § § = % % ; % % g 3 §
sixth month and first year; in the 2-6 mm zone at the sixth month and - g § SR 588 § § EL:
second and third years; and in the 6-10 mm zone at the first, second, n:%' N N M §
and third years compared to pretreatment. Corneal densitometry val- = s
ues were significantly increased in the posterior layer of the cornea in 283 RS8N § 3 §
the 0-2 mm zone at sixth months; in the 2-6 mm zone at the sixth E_ g § 3 E g,' ;*33 g % 55
month and second year; and in the 6-10 mm zone at the second and ‘N B 3
third years compared to pretreatment (p=0.002, p=0.014, p=0.044, g
p<0.001, p=0.006, respectively). Corneal densitometry values were @ c %
significantly increased in the total layer of the cornea in the 0-2 mm E’ a ; . §
zone at the sixth month and first year; in the 2-6 mm zone at the sixth =z g é‘_ % 8 E :E:- :Ej- 3| &
month; and in the 6-10 mm zone at the first, second, and third years d B H N B §
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compared to pretreatment (p<0.001, p<0.001, p<0.001,
— . >
p=0.002, p<0.001, p<0.001, respectively). L =c=scSc=°os:z=
4S9 28 9 = 938 1339
. . . 0 © © © © ©o © © © © o o
Table 3 displays the corneal topometrics and aberration o B % B 4L Y% EL K%Y
o
values and their comparison before and after treatment. Ex-
cluding IHA in the third year, a statistically significant de- ~ . _ ... . N _-N_HN
2 = O O N & N~ S AN T 0
crease occurred in corneal topometric values (ISV, IVA, K1, 1358353333833
B o o oo aoaaaaaa
CKI, IHD; p<0.001, for all). Compared to pretreatment, a o
statistically significant decrease was observed in vertical
i : TR egsgz8s@sE
coma, spherical aberration, HOA, and total corneal aberra- S 8IJ=TEEHE S
. . PTITTITTTIRTTDRT
tion values at the first, second, and third years after treatment R N
(p<0.05, for all). 2
@©
=3 >
IS %
ID|SCUSS|ON S22 I8ITEIRLER
— | S Y EE < B Y e BT
, Sl TELE LR L ELE
CXL treatment was first defined by Wollensak et al. in 2003. o | &
. . . . . . ©
Its objective is to increase the cross-links in the collagen to =
g | s
provide hardening of the cornea and stop the progression of E|E
mEl\chcovﬁ-ovoocum
L - ‘A Bl H H H B
ectatic illnesses. CXL treatment is the sole proven treatment g3 d8s55s583s5 s
option to diminish the risk of progression of ectasia.>!! Cur- H B B B B
. . o o
rent studies have stated that treatments performed for 10 min- &
. _ . . o
utes with 9 mW/cm? radiation and 5 minutes with 18 S © ©
[} = T 9 F © ¥ @ v = 3 0
mW/cm? radiation are safe, decrease the risk of progression 2| >838S2S33 38328
. o |84 IJEHE LS
of keratoconus, and have clinical results similar to the stan- 2 25z-2g223¥Is292
© ~ @
dard Dresden Protocol.'>" o
[72]
. [}
Our study used an accelerated CXL method, with 9 = S T PN
mW/cm? radiation for 10 minutes, where the epithelium was |23 FFTHITIE I
=1 “l B OBE e BN
extracted. The goal of CXL treatment is to reduce the risk of o R~ 52 - @ e
[0}
progression of keratoconus. Enhancing visual acuity is not a G
.. . . © - =) 7}
preliminary goal of treatment. Patients should be informed & "BlE B BB
n >N o o o N §Q o oo o @ |V
about this At K OE B EHIh
. S| TS K-S 82 © 3N »n e |o
® 6 S~ - ©W S5 -~ o o oo |8
1= ~ » <2 L
VISUAL ACUITY g F
— =
. g_:l:m\—vg_gwoal\m‘,zg
In our study, BCVA increased from 0.45+0.20 logMAR pre- LlEgs S22 xar =35
. ’ ) . S| AT EIAIIIIL A3
operatively to 0.15+0.14 logMAR at 3 years. Despite the sig- Cl_R388§8SE2588 |
. ; . .. - O - - © 5 - o o« 2 (9
nificant increase in BCVA up to the first year, the o © “ s
. . . . — =
significance fell at the second and third years in comparison @ =
i - invi = HHHHBAHBIE
with the first year. We assume that the increase in visual acu- 8883338
. . . . o o ~ © 5
ity is because of the flattening effect of the anterior ker- E 888383 8% Ba |3
) ) ) NI S R= e s I R i
atometry and decrease in corneal aberrations following the b
. 2
treatment. Given these results, accelerated CXL treatment £ |2
» o o . = 2|z
has positive results in visual acuity in keratoconus patients. E = |2
2 s
Many other studies have shown that BCVA may increase T 8 s (g
. . E € 38|z
after treatment.'*'® Cinar et al. observed a significant increase A CHE
1 : E =8 8 |z
in BCVA (0.15 logMAR) at 6 months with accelerated CXL g 5 E E S
2 0y 15 ; = 8 35 o =
treatment (9 mW/cm?, 10 min)." Shetty et al. found a sig- §2s_ss2o% £235E |z
. : = = e O = = = =
nificant decrease of 0.12 logMAR in BCVA at 2 years of fol- g TeTE s
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low-up after accelerated CXL treatment (9 mW/cm?,
10 min) in 30 children under the age of 14 years.!?
Kanellopoulos found an increase in BCVA in their
study using an accelerated procedure (7 mW/cm?, 15
min)."8

Cinar et al. compared the accelerated method
with the standard procedure and found that BCVA in-
creased in both groups, but this increase was signifi-
cant only in the accelerated group.'* No significant
difference was observed among the two groups.
Chow et al. compared the standard procedure with an
accelerated CXL procedure (18 mW/cm?, 5 min), and
found no considerable difference in BCVA.' Madeira
et al. also compared the accelerated (6 mW/cm?, 15
min) and standard protocols and found a significant
increase in BCVA in the first year, but no difference
in BCVA was seen between the two groups.'® Another
study also compared the accelerated CXL procedure
(9 mW/cm?, 10 min) and the standard procedure,
finding significant improvements in BCVA and
corneal flattening in the standard procedure but not
in the accelerated procedure. In this study, the change
of BCVA in the accelerated and standard groups was
0.021 logMAR and -0.126 logMAR, respectively.?

TOPOGRAPHIC RESULTS

In our study, K., was 56.17+5.42 preoperatively and
53.4144.81 at the third year. Following the treatment,
a considerable decrease was seen in the K

max

value at
the first, second, and third years in comparison to the
pretreatment levels. At the third year, an average flat-
tening of 2.7 D was detected. Accelerated CXL treat-
ment can thus be considered to provide a partial
regression as well as to reduce the risk of progres-
sion.

Similarly, Cinar et al. found a decrease of 1.4 D
in K., at the 6-month follow-up of treatment with
accelerated CXL (9 mW/cm?, 10 min)."’ Following 2
years of follow-up after accelerated CXL (9 mW/cm?,
10 min) in 30 children below 14 years old, Shetty et
al. found a 2 D decrease in keratometry values (K1,
K2)."” The study of Elbaz et al. (9 mW/cm?, 10 min)
showed that the progression of the disease stopped,
although there was no regression in the topographic
parameters.?! Tomita et al. indicated a decrease of
0.62 D in K, at the 1-year follow-up of an acceler-
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ated CXL procedure (30 mW/cm?, 3 min).?> Con-
versely, Mazzotta et al. detected a progression in the
second and third years in 19% of pediatric kerato-
conus patients who had undergone accelerated CXL
treatment.>* The study of Ozer et al. followed 35
pediatric eyes for an average of 56 months.>* De-
spite the treatment, progression of keratometry val-
ues and central corneal thickness were seen in %20
of the patients.>* This was affected by the patient
population having pediatric keratoconus, which is
attributed to environmental factors such as atopy, al-
lergy, and scratching.

Other studies have compared topographic results
of the standard and accelerated procedure. For in-
stance, Cinar et al. compared accelerated CXL (9
mW/cm?, 10 min) with the standard procedure.'* The

decrease in K, in both groups was significant, and

max
no significant difference was seen between the two
groups. In another study comparing accelerated CXL
(9 mW/cm?, 10 min) with the standard procedure,
corneal flattening was significant in the standard
treatment (1.8 D), but no significant change was seen
between the two groups (0.3 D).?° This difference
may be because the formation of covalent bonds be-
tween collagen molecules is oxygen-dependent, so
the accelerated procedure has less effect than the stan-
dard procedure. This was also shown in an ex vivo

study.”

Our study showed that the minimum corneal
thickness declined considerably in comparison with
the preoperative value at 6 months and remained sta-
ble until 3 years of follow-up. Taking into account the
duration of our study, this thinning of the cornea may
also be an indicator of progress, and these patients
should be monitored at close range, including other
parameters. In three studies using accelerated proto-
cols, no significant change was found in the mini-
mum corneal thickness at 12 months after
treatment.'>1%%¢ Mazzotta et al. notified that the min-
imum corneal thickness declined considerably after
1 and 3 months following accelerated CXL, but
reached baseline again at 6 months and remained
stagnant for 10 years.”* Corneal thinning after CXL
treatment was reported to result from dehydration,
epithelial thinning, and keratocyte apoptosis. How-
ever, studies have reported that this thinning is not
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permanent and that the corneal thickness has reached
pretreatment level at roughly 12 months. %%

TOPOMETRIC RESULTS

In our study, a decrease was seen in anterior eleva-
tion after treatment, and a considerable increase was
observed in posterior elevation. We assume that the
decrease in anterior elevation was because of the flat-
tening of the anterior surface of the cornea and ep-
ithelial remodeling. There are differing opinions in
the literature on this, with many studies finding dif-
ferent results. Taheri et al. reported no change in an-
terior or posterior elevation, as did Steinberg et al.>"*
Kog et al. found a decrease in anterior elevation but no
significant change in posterior elevation at 6 months
with an accelerated procedure (9 mW/cm?, 10 min).”

DENSITOMETRY RESULTS

Corneal densitometry is a measure of light transmit-
tance and the transparency of the cornea. Corneal
densitometry may vary due to the factors such as
edema, haze, scarring, active inflammation, infiltrate,
and deposited material in storage diseases. In a study
that reported changes in corneal densitometry in ker-
atoconus, this change was shown to be greater in the
central cornea and epithelial and anterior stromal lay-
ers, possibly due to impaired collagen sequencing.*
Corneal densitometry may change due to the epithelial
healing process, temporary haze caused by keratocyte
damage, and demarcation lines after CXL treatment.

In our study, corneal densitometry reached the
highest value at 6 months in all layers in the 0-2 mm
zone after treatment. This value decreased until 3 years
of follow-up but did not return to preoperative values.
In the 2-6 mm zone, corneal densitometry increased in
all layers, reaching the highest value at the sixth month.
This value decreased to the preoperative value by 2
years and fell below the basal value in the third year. In
general, we found no change in corneal densitometry
after treatment in the 6-10 mm and 10-12 mm zones.
Consistent with the area where the epithelium was re-
moved, we found that the treatment had no effect on
the peripheral corneal densitometry but affected the
central corneal densitometry. The increase in corneal
densitometry was evident in the superficial layers of
the cornea, affecting the central cornea where the
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treatment was applied and decreasing over time, sug-
gesting that this is not a treatment-related complica-
tion and may be a part of the healing process. We
believe that the change in corneal densitometry can
be used as a parameter showing treatment efficacy,
and comparative studies could be done with anterior
segment optical coherence tomography.

Alnawaiseh et al. reported no significant change
in the densitometry values in all layers and zones 22
months after accelerated CXL treatment.'> Alnawaiseh
et al. found a significant increase in all corneal densit-
ometry between 1 and 3 months after treatment and a
decrease between 24 and 36 months in another study
with a 36-month follow-up period.’! Corneal densito-
metry was found to be highest in the first month after
treatment. In the same study, they reported that corneal
densitometry regressed to preoperative values at 1 year
and decreased to preoperative values after 2 years.*!
Kog et al. found that corneal densitometry values were
significantly higher than preoperative values even 1
year after accelerated CXL.*

ABERRATION RESULTS

In our study, vertical coma, spherical aberration,
HOA, and total corneal aberration were decreased;
trefoil value did not change. The decrease in vertical
coma and spherical aberration may have contributed
to the increase in BCVA. Studies have shown that
HOA, total corneal aberration, vertical coma, and tre-
foil values have decreased after CXL treatment,
whereas spherical aberration values have not
changed.** When Ozulken et al. compared the val-
ues of patients in two groups (10 min, 9 mW/cm? and
5 min, 18 mW/cm?) before and after CXL, significant
decreases were observed in only coma and total
HOA **Kirgiz et al. evaluated anterior corneal HOAs
and compared their changes in the 6-mm zone. All
anterior corneal aberrations demonstrated a signifi-
cant reduction in both groups (5 min, 18 mW/cm? and
10 min, 9 mW/cm?).%

A limitation of our study is the lack of endothelial
count. Therefore, we could not observe the effects of
accelerated CXL treatment on endothelium. No corneal
endothelial complications were reported in the cornea
where corneal thickness was above 400 pm. Another
limitation was that we could not investigate the de-



Emre AYDEMIR et al.

Turkiye Klinikleri J Ophthalmol. 2021;30(2):97-106

marcation line in patients with anterior segment op-
tical coherence tomography. One parameter showing
the effectiveness of CXL treatment is the depth of the
demarcation line. The most important disadvantage
is the retrospective design of our study. Despite these
limiting factors, our study is important in terms of
showing the 3-year results of accelerated CXL effi-
cacy.

I CONCLUSION

Accelerated CXL treatment may reduce the risk of
progression of keratoconus and provides visual, topo-
graphic, and aberrometric improvement. Therefore,
accelerated CXL is an effective treatment method to
prevent progression in patients with progressive ker-
atoconus.
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