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Long-term follow-up results of corneal collagen cross-linking in keratoconus

Keratokonusta korneal kollajen çapraz-bağlama tedavisinin uzun dönem sonuçları

Ayşe Ebru Kılavuzoğlu1, Ali Rıza Cenk Çelebi1, Cemile Banu Coşar1, Asım Bozkurt Şener2

ÖZET

Amaç: Keratokonusta kornea kollajen çapraz bağlama 
sonrası kornea parametreleri (keratometre, kornea kalın-
lığı, topografi indeksleri) değişikliklerini değerlendirmek.
Yöntemler: Keratokonus için korneal kollajen çapraz 
bağlama tedavisi uygulanan ve en az 24 ay takip edilen 
6 hastanın tıbbi kayıtları çalışmaya alındı. En iyi düzel-
tilmiş görme keskinliği (EİDGK), maksimum keratometri 
(Kmax), santral kornea kalınlığı (SKK) ve korneal topog-
rafi indeksleri: Yüzey Varyans indeksi (ISV), dikey asimet-
ri indeksi (IVA), keratokonus indeksi (Kİ), merkez kera-
tokonus indeksi (CKI), minimum eğrilik yarıçapı (Rmin), 
yükseklik asimetrisi indeksi (IHA) ve yükseklik desantrali-
zasyon indeksi (İHD) kaydedildi.
Bulgular: Ameliyat öncesi Kmax değeri 46,67±4,15 
(43.30-57.10) D ve ameliyat sonrası nihai ziyarette ortala-
ma Kmax değeri 45.41±2.95 (43.00-53.20) D. Preoperatif 
SKK 494,70±33,69 (438-537) µm idi ve nihai postoperatif 
ortalama SKK 495,60±34,99 (433-539) µm idi. Her vaka-
da korneal topografi indekslerindeki bozulma takip süresi 
boyunca durdu.
Sonuç: Keratokonusta kornea parametrelerinin bozulma-
sını durdurmak çapraz bağlama tedavisinden sonra arzu 
edilen sonuçtur. Bizim çalışmamızın sonucunda kerato-
konus hastalarının tüm topografi indekslerinde iyileşme 
veya en azından stabilite saptanmıştır.
Anahtar kelimeler: Keratokonus, korneal kollajen çapraz 
bağlama, kornea topografisi.

ABSTRACT

Objective: To evaluate the changes in corneal parame-
ters (keratometry, corneal thickness, topography indices) 
after corneal collagen cross-linking in keratoconus.
Methods: The medical records of 6 patients who under-
went corneal collagen cross-linking treatment for kera-
toconus and have been followed-up for a minimum of 
24 months were recruited. Best corrected visual acuity 
(BCVA), maximum keratometry (Kmax), central corneal 
thickness (CCT) values and corneal topography indices: 
index of surface variance (ISV), index of vertical asym-
metry (IVA), keratoconus index (KI), central keratoconus 
index (CKI), minimum radius of curvature (Rmin), index of 
height asymmetry (IHA), and index of height decentralisa-
tion (IHD) were recorded.
Results: The mean preoperative Kmax value was 
46.67±4.15 (43.30-57.10) D and the mean Kmax value at 
the final postoperative visit was 45.41±2.95 (43.00-53.20) 
D. Mean preoperative CCT was 494.70±33.69 (438-537) 
µm and final postoperative mean CCT was 495.60±34.99 
(433-539) µm. The deterioration in corneal topography in-
dices stopped during the follow-up period of each case. 
Conclusion: Stopping the deterioration of corneal param-
eters in keratoconus is the desired outcome after cross-
linking treatment. Our results found an improvement or at 
least stabilization in all topography indices in keratoconus 
patients. J Clin Exp Invest 2015; 6 (4): 343-350
Key words: Keratoconus, corneal collagen cross-linking, 
corneal topography 

INTRODUCTION

Keratoconus is a disease of the cornea character-
ized by progressive corneal stromal thinning and 
ectasia. Many treatment options like spectacles, 
contact lenses and keratoplasty are performed for 
the consequences of this disease. Besides these 
treatments, corneal collagen cross-linking address-

es the pathophysiology of keratoconus and aims 
to stop the progression of this disease. Thus, this 
method of treatment lowered anxiety and improved 
vision-related and health-related quality of life in 
keratoconus patients [1]. 

Cross-linking forms new covalent bonds be-
tween collagen fibrils and thus increases the bio-
mechanical stability of the cornea [2]. After cross-
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linking treatment there appears to be a keratocyte 
apoptosis period lasting 2-3 months and thereafter 
a repopulation occurs [3,4]. There may be transient 
changes in human corneal endothelium following 
corneal collagen cross-linking [5]. Improved visual 
acuities, keratometric values and topography indi-
ces have been demonstrated in some studies [6-8]. 
In this retrospective study we aimed to evaluate and 
depict the changes in corneal parameters (keratom-
etry, corneal thickness, topography indices) for a 
minimum of 24 months follow-up following conven-
tional corneal collagen cross-linking for progressive 
keratoconus. 

METHODS
The medical records of the patients who underwent 
cross-linking treatment for keratoconus between 
April 1st, 2008 and February 1st, 2014 were reviewed 
and 10 eyes of 6 patients (2 women, 4 men) were 
included in this retrospective study. The inclusion 
criteria were; corneal topography pattern consis-
tent with keratoconus, no previous surgery, hav-
ing a minimum of 24 months follow-up, having had 
cross-linking treatment for once during the follow-up 
period, no additional corneal surgeries during the 
follow-up period, having at least 2 follow-up visits 
documented during the first year. 

The corneal collagen cross-linking procedure 
was performed by the same surgeon (CBC) as de-
scribed below. After routine preparation for eye sur-
geries, 0.5% proparacaine hydrochloride (Alcaine, 
Alcon Laboratories, Inc., USA) was instilled for topi-
cal anesthesia and the central 8.0 mm epithelium 
was scraped with a corneal scarifier. Standard ri-
boflavin 0.1% (Medio-Cross D, Medio-Haus Med-
izinprodukte GmbH) was instilled every 2 minutes 
for 30 minutes. The corneal penetration of ribofla-
vin was confirmed with visualization of the yellow 
colored riboflavin in the anterior chamber with a 
slit-lamp. CCT was measured with an ultrasonic 
pachymetry (Accutome AccuPach VI Pachym-
eter, Accutome Inc., Malvern, USA). If the corneal 
thickness was less than 400 µm, 1 drop of hypo-
tonic riboflavin 0.1% (MedioCross H, Medio-Haus 
Medizinprodukte GmbH) was administered every 
10 seconds for 2 minute sessions, after which ul-
trasound pachymetry was performed to confirm that 
the stroma was swollen to 400 µm or thicker. The 
procedure was proceeded by starting 365 nm UVA 
radiation (UV-X system, IROC AG, Zurich, Switzer-
land) at an irradiance of 3.0 mW/cm2. By adjusting 
the aperture, only the non-epithelialized cornea was 
irradiated and the limbal stem cells were avoided. 

During the application of UVA radiation standard 
riboflavin 0.1% was also instilled every 2 minutes. 
For some of the patients’ isotonic riboflavin (Me-
dioCross M, Medio-Haus Medizinprodukte GmbH) 
was used in all parts of the procedure. When the 30 
minutes of radiation treatment was over, the cornea 
was washed thoroughly with BSS. One drop of an 
antibiotic and a bandage contact lens were put on 
the eye. Contact lens was removed after epithelial 
healing. For the postoperative 1st week; treatment 
regimen was moxifloxacin hydrochloride ophthal-
mic solution 0.5% (Vigamox®, Alcon Laboratories, 
Inc., USA) 3 times daily, nepafenac ophthalmic 
suspension 0.1% (Nevanac®, Alcon Laboratories, 
Inc., USA) 3 times daily and artificial tear drops 
(Refresh®, Allergan Laboratories, Inc., USA) every 
hour. For the 2nd postoperative week loteprednol 
etabonate ophthalmic suspension 0.5% (Lotemax 
®, Bausch&Lomb, Inc., Florida, USA) was used 4 
times daily and artificial tear drops were used as 
needed. Lotemax® was tapered and discontinued 
during the following 2 weeks. 

The objective refraction measurements were 
taken by Topcon KR 8900 Auto-Kerato-Refrac-
tometer (Topcon Corporation, Tokyo, Japan), the 
CCT and the keratometry values were obtained 
using Pentacam (Oculus Optikgeräte GmbH, Wet-
zlar, Germany), corneal topography indices were 
obtained by Wavelight-Allegretto Wave Topolyzer 
(WaveLight Technologie, AG, Erlangen, Germany). 
The best corrected visual acuity (BCVA) before the 
operation and at the final visit; Kmax, CCT values 
and topography indices: ISV, IVA, KI, CKI, Rmin, 
IHA, and IHD at each visit were recorded. The ab-
normal and pathologic values for these indices are 
presented in Table 1 [9].

Table 1. Abnormal and pathological values for the to-
pography indices (Wave light-Allegretto Wave Topolyzer, 
WaveLight Technologie, AG, Erlangen, Germany).

Index Abnormal Pathological
ISV ≥37 ≥41
IVA ≥0.28 ≥0.32
KI ≥1.07 ≥1.07
CKI ≥1.03 ≥1.03
Rmin <6.71 <6.71
IHA ≥19 >21
IHD ≥0.014 ≥0.016

CKI: central keratoconus index; IHA: index of height 
asymmetry; IHD: index of height decentration; ISV: index 
of surface variance; IVA: index of vertical asymmetry; KI: 
keratoconus index; Rmin: minimum radius of curvature
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RESULTS

The mean age of the patients was 24.83 ± 3.54 
(range 20 - 28) years. The follow-up ranged from 24 
to 63 months with a mean follow-up of 38 ± 13.08 
months. Table 2 shows the preoperative and final 
postoperative measurements for BCVA, Kmax, CCT, 

ISV, IVA, KI, CKI, Rmin, IHA and IHD. The mean 
preoperative Kmax value was 46.67±4.15 (43.30-
57.10) D and final postoperative mean Kmax val-
ue was 45.41±2.95 (43.00-53.20) D. Preoperative 
mean CCT was 494.70±33.69 (438-537) µm and 
final postoperative mean CCT was 495.60±34.99 
(433-539) µm.

Table 2. Preoperative and postoperative measurements for each eye

BCVA Kmax CCT ISV IVA KI CKI Rmin IHA IHD

Case Laterality Age Follow-up Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

Preop
Postop

1 R 25 24
0.5 45.50 438 - - - - - - -

0.9 44.90 438 49.00 0.42 1.12 1.06 6.75 15.40 0.0270

2 R 21 29
0.5 45.50 508 81.00 0.99 1.23 1.05 6.43 87.30 0.0750

0.4 45.90 510 68.00 0.71 1.19 1.05 6.72 84.30 0.0620

L 24
1.0 43.30 525 29.00 0.27 1.07 1.02 7.46 10.20 0.0140

0.9 43.00 485 25.00 0.17 1.05 1.02 7.47 10.30 0.0100

3 R 28 42
0.5 43.70 476 46.00 0.46 1.10 1.04 6.70 44.20 0.0430

0.7 44.50 512 38.00 0.40 1.10 1.03 6.90 46.40 0.0380

L 42
0.5 44.40 492 52.00 0.64 1.14 1.01 6.76 48.80 0.0530

1.0 43.10 505 43.00 0.55 1.12 1.00 7.03 49.30 0.0430

4 L 28 48
0.8 47.50 472 - - - - - - -

0.8 46.30 505 72.00 0.92 1.22 1.01 6.45 87.50 0.0730

5 R 27 36
0.6 50.00 509 65.00 0.56 1.12 1.05 6.23 43.10 0.0450

0.4 45.30 500 55.00 0.47 1.11 1.04 6.42 31.70 0.0360

L 24
0.8 44.50 537 35.00 0.43 1.11 1.01 7.10 36.90 0.0320

0.6 43.70 539 33.00 0.40 1.09 1.01 7.16 35.40 0.0300

6 R 20 48
0.16 57.10 456 - - - - - - -

0.4 53.20 433 95.00 0.90 1.24 1.08 5.68 69.70 0.0830

L 63
0.7 45.20 534 - - - - - - -

1.0 44.20 529 30.00 0.35 1.09 1.00 7.14 25.10 0.0270

R: right eye; L: left eye; BCVA: best corrected visual acuity; Kmax: maximum keratometry; CCT: central corneal thick-
ness; CKI: central keratoconus index; IHA: index of height asymmetry; IHD: index of height decentration; ISV: index of 
surface variance; IVA: index of vertical asymmetry; KI: keratoconus index; Rmin: minimum radius of curvature

Figure 1. Change in central corneal thickness (CCT) val-
ues over time

Figure 2. Change in maximum keratometry (Kmax) val-
ues over time
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Change in mean CCT, Kmax and topography 
indices over time are shown in Figure 1, 2 and 3 
respectively. As a representative case Pentacam 
derived preoperative and postoperative corneal 
thickness maps of right eye of case 3 are shown in 

Figure 4 and Wave light-Allegretto Wave Topolyzer 
derived preoperative and postoperative corneal to-
pography maps of right eye of case 3 are shown in 
Figure 5.

Figure 3. Change in topography indices over time after cross-linking. Index of surface variance (ISV), index of vertical 
asymmetry (IVA), keratoconus index (KI), central keratoconus index (CKI), minimum radius of curvature (Rmin), index 
of height asymmetry (IHA), index of height decentration (IHD) 
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Figure 4. Preoperative and postoperative corneal thickness maps of right eye of case 3
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Figure 5. Preoperative and postoperative corneal topography maps and topography indices of right eye of case 3

DISCUSSION

Progressive thinning and bulging of the cornea is 
the main concern in follow-up and treatment of ker-
atoconus. Increase in keratometric values, thinning 
of the cornea and deterioration of the corneal topog-
raphy indices are observed in this disease course. 

Stopping the increase or deterioration of these pa-
rameters is the main goal of the treatment. 

Corneal collagen cross-linking arrests the 
progression of keratoconus by increasing the bio-
mechanical stability of the cornea [2,10-12]. This 
is achieved by formation of new covalent links be-
tween collagen fibrils. The findings in this study 
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show that the Kmax, CCT and corneal topography 
indices remain steady even after a follow-up of 24-
63 months. 

Contact lenses had been described to arrest 
keratoconus but it hasn’t been confirmed in a sys-
tematic study [13]. There are some studies show-
ing the arrest of keratoconus by corneal collagen 
cross-linking in which no significant change was 
observed in keratometry values during the follow-up 
period [8,14,15]. Also some studies report improve-
ment in keratometry readings and visual acuities 
after cross-linking treatment [5,16,17]. Wittig-Silva 
et al. reported a decrease in keratometry values of 
0.72±0.15D in postoperative 1st year and this de-
crease increased to 1.03±0.19D in 3rd year [18]. In 
this study the mean Kmax values didn’t differ from 
the preoperative values at the end of follow-up pe-
riod. 

There are some different modifications in cor-
neal collagen cross-linking particularly to reduce the 
treatment time. Accelerated corneal collagen cross-
linking became popular nowadays and has similar 
results with the conventional one [19,20]. 

The final postoperative mean CCT was nearly 
the same as the preoperative values in this study. 
Although most of the studies in the literature docu-
mented no statistically significant change in corneal 
thickness between preoperative and postoperative 
values, there are some others reporting significant 
decrease in corneal thickness after cross-linking 
treatment [18-24]. Performing corneal cross-linking 
procedure with isotonic riboflavin solution without 
dextran might not induce corneal thinning but a 
little swelling throughout the procedure. This could 
also be taken into consideration while evaluating 
the CCT [25]. Arbelaez et al. demonstrated a tran-
sient initial decrease in corneal thickness and after 
3 months they observed a steady increase up to 
preoperative values [3]. To the best of our knowl-
edge the retrospective study of Raiskup-Wolf et al. 
was the only study which demonstrated a significant 
increase in corneal thickness 2 years after cross-
linking (+ 21±31 µm) [6]. 

The main limitation of the study was the num-
ber of patients that were examined. It was hard to 
follow-up a patient for two years because after suc-
cesful corneal collagen cross-linking treatment the 
patient thought that disease was over. The other 
limitation was the retrospective nature of the study. 
Both of these limitations can be outreached with 
over two year prospective large group cohort stud-
ies in the future.

The stabilization and improvement in corneal 
topography indices were also shown in some previ-
ous studies. Sloot et al. found significant improve-
ments in ISV, IVA, CKI, Rmin and IHD one year after 
cross-linking [26]. Toprak et al. demonstrated im-
provements in ISV, CKI and Rmin after cross-linking 
with a follow-up of 12 months [27]. Here in this study 
we found an improvement or at least stabilization in 
all topography indices for every case. 

In conclusion, this study demonstrates the 
stability of corneal topographic parameters after 3 
years mean follow-up period following conventional 
corneal collagen cross-linking for the treatment of 
progressive keratoconus.
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