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Abstract 

Introduction: Keratoconus is a progressive, non-inflammatory, bilateral, ecstatic disease of the cornea 
that is characterized by corneal steepening which progresses to irregular conical shape, with 
subsequent irregular astigmatism and decreased visual acuity. In early stages of disease, spectacles or 
RGP lenses are the main treatment. At advanced stages, when these treatment options fail to correct 
visual acuity, surgical procedures such as penetrating keratoplasty or lamellar keratoplasty are required. 
METHODS: Keraring segments were placed in 30 eyes of 21 keratoconus patients. The mean follow-up 
time was 6.2 months. All patients underwent a complete ocular examination and corneal topography 
which was obtained by Pentacam (Oculus Pentacam®, USA). Improvement in uncorrected visual acuity 
(UCVA), best spectacle corrected visual acuity, refraction and topographic changes including 
keratometry, maximum anterior and posterior elevation, central corneal thickness and thinnest point 
thickness and location were evaluated. 
RESULTS: No intraoperative or postoperative complications occurred in any of the patients. ICRS 
implantation significantly improved UCVA (P=0.005) and BSCVA (P=0.000). Mean Spherical equivalent 
significantly reduced from -6.66±3.52 to -4.42±3.20 (p=0.000). A clinically significant reduction in mean 
keratometry (p=0.000), Max Ant Elevation (P=0.024) and Max Post Elevation (P=0.002) were recorded. 
No clinically significant changes in central corneal thickness, thinnest point thickness and thinnest point 
location were observed. 
Conclusion: With mean follow-up of 6.2 months, Keraring segments implantation caused significant 
clinical improvement in UCVA, BCVA Refractive Error and Keratometric findings of the most keratoconic 
patients. 
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Introduction 

Keratoconus is a progressive, non-
inflammatory, bilateral, ecstatic disease of the 
cornea that is characterized by corneal 
steepening which progresses to irregular 
conical shape, with subsequent irregular 
astigmatism and decreased visual acuity. At 
early stages of disease, spectacles or RGP 
lenses are the main treatment. At advanced 
stages, when these treatment options fail to 
correct visual acuity, surgical procedures such 
as penetrating keratoplasty (PK) or lamellar 
keratoplasty are required (1-4). 

Different alternative methods for 
keratoconus treatment are introduced and 
reported in the literature, such as penetrating 
keratoplasty, Phakic IOLs, photorefractive 
keratectomy, CXL, laser in situ keratomileusis, 
and lamellar keratoplasty (5-6). 

ICRS firs were developed for correction of 
low myopia but later studies showed that these 
rings are effective for correction of myopia and 
irregular astigmatism secondary to keratoconus 
(1,7-9). 

Keraring is a type of ICRS which acts by 
flattening the central cornea and thus reducing 
existing myopia and astigmatism by 
morphological irregularities correction. The first 
Keraring design, SI-5, had triangular cross 
section and was available as 90°, 120°, 160°, 
210° and 240° segments made of PMMA with 
an optical diameter of 5 mm and base widths of 
6 mm. They came in variable thickness (0.15- 
0.35 mm) in 0.05 mm steps. SI-6 has recently 
been designed with a 6-mm optical zone and 
800-µm base width (10,11). 

The purpose of this study was to evaluate 
the visual acuity, refraction, and corneal 
tomographic and pachymetric changes after 
Keraring implantation in keratoconic eyes. 

 

 

Methods 

Ethical Committee Approval at Tabriz 
University of medical science was obtained for 
this study. After giving necessary information 
about the study, written informed consent was 
obtained from the patients. In this prospective 
Before-After study, twenty-one patients (30 
eyes) were included. Patients were older than 
18 years, contact lens intolerant, and of a 
follow-up of at least 6 months. A complete 
ophthalmologic examination was performed 
before operation to exclude any other ocular 
diseases. Patients were excluded if they had 
any of the following criteria: Central corneal 
opacity, history of HSV keratitis, history of 
autoimmune diseases, systemic collagen 
vascular disease, central corneal thickness less 
than 400 micrometer and K-max of more than 
60 diopters. Slit lamp examination, UCVA, 
BCVA, manifest refraction and corneal 
topography with Pentacam (Oculus Pentacam®, 
USA) were evaluated before and at least 6 
month after surgery and results were 
compared. Operation was performed under 
local anesthesia.Size, thickness and ring 
numbers needed for every patient was 
determined according to the refraction, corneal 
topography and the Keraring nomogram 
provided by the manufacturer. At first the 
geometric center of the cornea was determined 
with a surgical Caliper. Then, with a circular 
marker the central 5 mm optical zone was 
marked and the incision site in the steep 
meridian determined. An 80% thickness corneal 
radial incision was made with a calibrated 
diamond knife. Then, a hook used to create a 
pocket on either side of incision. At the next 
step, the clockwise and counterclockwise 
dissector was used to create tunnels in the 
corneal stroma to implant ring segments. 
Finally, the incision site was repaired with a 10-
0 nylon suture. Postoperatively, all eyes 
received antibiotic eye drops four times daily 
for one week and tapering dose of 
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corticosteroid eye drops for 3 weeks. The 
sutures were removed after 6 weeks. Visual 
acuity, refraction and corneal topographic and 
pachymetric changes were evaluated 6 months 
after surgery. Kolmogorov-Smirnov test was 
used to check the normality of all data. If 
parametric analysis was possible, Paired t-test 
was used for comparisons between 
preoperative and postoperative examinations. 
If parametric analysis was not possible, the 
Wilcoxon test was performed. P<0.05 was 
considered to be significant in all case. 

Results 

Kerarings were successfully implanted in all 
eyes. The mean follow up time was 6.2±0.6 (6-
7.5) months. Mean age of patients was 
27.10±5.10 years. 12 patients (57.14%) were 
female and 9 patients (42.86%) were male. The 
mean UCVA (Mean LogMAR) significantly 
improved after Keraring implantation from 
0.81±0.22 to  0.63±0.29 at the last follow-up. 

 

Table 1: Comparision of pre and post operation results 
UCVA; uncorrected visual acuity, BCVA; best corrected visual acuity, SRE; spherical refractive error, CRE; cylindrical refractive error, 
SE; spherical equivalent, KR; keratometric readings, CCT; central corneal thickness, TP; thinnest point, TPL; thinnest point location 

 

(P=0.005). Best corrected visual acuity (BCVA) 
also significantly changed from 0.42±0.20 
(mean LogMAR) to 0.20±0.17 (P=0.000). Mean 
preoperative spherical, cylindrical refractive 
error and spherical equivalent were -4.21±2.45, 
-4.86±2.31, -6.66±3.52, respectively (Table-1). A 
significant reduction in spherical RE, cylindrical 

RE and SE to -2.69±1.99, -2.88±1.98, -4.42±3.20 
respectively, was reported (P=0.000 for all). A 
significant reduction in keratometric values was 
found at Post operative examination. Mean 
preoperative keratometry significantly changed 
from 49.57±3.98 to 47.03±3.32 diopters 
(P=0.000). Mean values of Max Ant Elevation 

parameter preoperation postoperation P value 

UCVA 0.22±0.81 0.63±0.29 0.005 
BCVA 0.42±0.20 0.20±0.17 0.000 

SRE -4.21±3.45 -2.69±2.99 0.000 

CRE 4.86±2.31 2.88±1.98 0.000 

SE -6.66±3.52 -4.42±3.20 0.000 

Mean KR 49.57±3.98 47.03±3.32 0.000 

Max Ant Elevation 35.03±13.93 29.63±17.30 0.024 

Max post Elevation 71.13±22.76 60.06±20.94 0.002 

CCT 
 
TP 
 
T.PL dislocation  
 

466.83±29.19 

448.86±32.26 

0.71±0.20 

469.06±30.10 

451.90±41.52 

0.65±0.25 

0.505 

0.538 

0.184 
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and Max Post elevation were 35.03±13.93 and 
71.13±22.76, respectively which reduced 
significantly to 29.63±17.30 and 60.06±20.94 
(P=0.024 ,0.002). Mean preoperative Central 
Corneal Thickness (CCT) was 466.83±29.19 that 
changed to 469.06±30.10 which was not 
statistically significant (P=0.505). Thinnest point 
location changes along X and Y axis were also 
evaluated by calculation of the line length that 
drawn from the center of the cornea to 
thinnest point location. The analysis results 
showed that no significant change was 
observed in the line length between before and 
after surgery condition which indicating of 
thinnest point location changes (P=0.184). 

Discussion 

One important benefit of treating keratoconus 
with ICRS is to delay the corneal graft with 
subsequent complication or eliminate this 
need. ICRS does not eliminate the corneal 
disease but decreases the associated corneal 
abnormality and improves visual acuity in 
affected patients to satisfactory levels. An 
important advantage of this method is the 
removability of ICRS (5,6). 
Colin and associates (12) first showed that 
Intacs can decrease the corneal steepening and 
astigmatism in keratoconus patients. They later 
concluded that Intacs is an effective method for 
treating keratoconus patients which are 
contact lens intolerant and have clear cornea. 
However, it should be taken into consideration 
that sometimes corneal response to these 
segments in keratoconic patients is 
unpredictable because of the variable 
responses of the eyes (12,13). 
Various factors such as the location of the cone, 
stage of the keratoconus and the biomechanics 
of the eye can influence the response to 
treatment (11). 
In this study, also significant corneal flattening 
changes (mean change of 2.21 D in mean 
keratometry values) was observed after 
KeraRing implantation. These results are similar 

to the findings reported in previous studies. It 
seems that the main reason for the change in 
refraction and the increase in UCVA and BCVA 
is this keratometric changes. As reported by 
previous studies, keratometric change after 
ring implantation was dependent on several 
preoperative factors such as keratometry, 
BSCVA and refraction. Nomograms, which take 
into account the cones morphology for ring 
selection, were firstly presented by Colin (14). 
Torquetti et al. (15) combined Colin method 
with the distribution of ectasia based on the 
percentage of cone on either side of the 
midline. 
In another study, Ganesh et al. (11) showed 
that planning of the ring placement based on 
the morphology of the cone in addition to the 
patient’s refraction was associated with proper 
outcomes. 
In this study, also size, thickness and ring 
numbers needed for every patient are 
determined according to refraction, corneal 
topography and the nomogram provided by the 
manufacturer that may yield in better 
outcomes. 
Pinero et al. (16) reported that ICRS 
implantation with both mechanical and 
femtosecond laser-assisted procedures have 
similar visual and refractive results. In this 
study, we used mechanical procedures but it 
seems that the use of the femtosecond laser 
makes the corneal tunnel creation easier, faster 
and more accurate. 
Similar to the results reported by Sogutlu et 
al.(17), Max Anterior and Posterior elevation of 
the cornea reduced significantly. Although the 
anterior corneal surface optically is more 
important than the posterior corneal 
surface,(18) posterior corneal surface optical 
contribution can become relevant in 
keratoconus, especially when associated with a 
high curvature. (16) 
The results of our study are similar to the 
results of ICRS implantation in low myopic 
patients,(19-21) keratoconus, (22-27) and post-
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LASIK ectasia (28-31) while refraction and visual 
acuity were stable after the sixth month. No 
intra- or postoperative complications occurred 
in this study. 
It seems that the major changes in visual acuity, 
refraction, and topographic findings occur 
during the first 6 months. Although the visual 
acuity and refraction improve after ICRS 
implantation, chronic corneal stroma 
remodeling secondary to keratoconus 
progression occurs and may influence long 
term efficacy. Present study also showed that 
there is no significant correlation (only a weak 
correlation) between Max Ant Elevation and 
Max Post elevation changes rate after surgery. 
Also a similar correlation was determined 
between mean keratometry values with both 
Ant and Post elevation changes. Similar to 
Saelens et al.(32) reports, in this study also 
central corneal thickness changes after ICRS 

implantation were insignificant. According to 
this study, thinnest point location changes 
along the X and Y axis were not significant; 
however, to the best of our knowledge, there 
are no reports evaluating the effect of 
implantation of ICRS on thinnest point location 
, so further studies with additional cases are 
needed to judge about this parameter. 
The possible limitations that are apparent in 
this study are the small sample of studied eyes 
and limited post operation follow up period. 
 
Conclusion 
Keraring intra-stromal corneal ring segments 
implantation are an effective and safe 
procedure for keratoconus patients and 
significantly improves the corneal tomographic 
properties with subsequent correction in UCVA 
and BCVA. 
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