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Purpose: We attempted to evaluate the efficacy of femtosecond laser-assisted intrastromal 

corneal ring segment implantation in patients with keratoconus (KC).

Patients and methods: A retrospective interventional consecutive clinical study was conducted 

on patients with KC who were treated with femtosecond laser Keraring implantation. All procedures 

were performed at Ebsar Eye Center in the period from January 5, 2015, to February 28, 2016.

Results: Thirty eyes of 20 patients were included in this study. The mean age of patients was 

27.43±3.57 years. Eleven patients (55%) were female and nine patients (45%) were male. Kerar-

ing segments were successfully implanted in all eyes. There were no complications or need for 

ring repositioning. The follow-up period was 6 months postoperatively. There was a significant 

improvement in the mean logarithm of the minimum angle of resolution (LogMAR) of uncor-

rected visual acuity (UCVA) after Keraring segment implantation from 1.5±0.23 preoperatively 

to 0.54±0.16 at 6 months postoperatively (P=0.001). The preoperative mean LogMAR of best-

corrected visual acuity (BCVA) was 0.85±0.17. At 1 month postoperatively, it was 0.35±0.15; 

at 3 months postoperatively, it was 0.26±0.11, and at 6 months postoperatively, it was 0.14±0.07 

(P=0.001). The mean preoperative maximum keratometric value for 3 mm pupil in diopters 

(K max) significantly decreased from 55.85±5.44 preoperatively (N=30) to 44.05±1.64 D at 

6 months postoperatively (P=0.001). There was a statistically significant reduction in the mean 

preoperative spherical equivalent from -5.43±1.76 D preoperatively to -2.43±0.95 D at 6 months 

postoperatively. No statistically significant differences were detected between 1 and 3 months 

of follow-up regarding the visual and refractive outcomes.

Conclusion: Analysis of the outcomes after Keraring ICRS implantation showed a significant 

postoperative corneal flattening with a subsequent increase in UCVA and BCVA. Using the 

femtosecond laser for tunnel creation made the procedure easy and fast with an accurate precise 

depth of implantation and reduced the risk of operative and postoperative complications.
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Introduction
Keratoconus (KC) is a noninflammatory ectatic corneal disease characterized by 

progressive paracentral corneal thinning and inferior corneal steepening that causes 

irregular astigmatism, protrusion and decreased visual acuity.1,2 It usually starts in early 

adulthood and progresses until the third decade of life and then becomes stable.3,4 Dif-

ferent methods of increasing visual acuity in KC, including spectacles, contact lenses 

and corneal grafting, have been introduced.3,5
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In the early stages of the disease, the decreased visual 

acuity can be improved with rigid permeable contact lenses 

or spectacles. However, as the condition progresses, the 

patients may require corneal grafting. KC is the leading cause 

for keratoplasty in the developed world.3,5

Intrastromal corneal ring segment (ICRS) implantation 

is considered as a minimally invasive surgical procedure 

in the management of KC. ICRS implantation minimizes 

the spherocylindrical error by reducing the steepness of the 

curvature of the central cornea with promising changes in 

the topographic analysis, uncorrected visual acuity (UCVA) 

and best-corrected visual acuity (BCVA).6,7

The construction of intrastromal tunnel for ring implan-

tation with mechanical dissection has many complications 

such as epithelial defects, depth asymmetry and corneal 

perforation.8–10

Femtosecond laser has been introduced to create the tun-

nel for ring implantation with an accurately precise depth in 

a programmed way with a safe and effective procedure for 

creating tunnels for segment placement at predetermined 

depths. The tunnel creation using femtosecond laser is easier, 

more precise and more predictable than the conventional 

mechanical technique.11

There are different types of intracorneal rings that have vari-

able curvatures, widths and zones of implantation. The Keraring 

(Mediphacos, Belo Horizonte, Brazil) is used to treat KC. It is 

made of polymethyl methacrylate (PMMA). It is characterized 

by a triangular cross-section in contrast to other ICRSs, such as 

Ferrara rings. The SI-5 design is available in a 600 μm base with 

an optical diameter of 5 mm with different thicknesses, such 

as 0.15, 0.20, 0.25, 0.30 and 0.35 mm.12 The SI-6 is designed 

with an 800 μm base with an optical zone of 6 mm.13

Patients and methods
This is a retrospective interventional consecutive clinical 

study. All procedures were performed at Ebsar Eye Center in 

the period from January 5, 2015, to February 28, 2016. This 

study was carried out on 30 eyes of 20 patients who had been 

diagnosed and graded with KC according to standard criteria 

based on slit-lamp observation and corneal topography.

All patients underwent Keraring ICRS implantation 

assisted with the femtosecond laser (VisuMax® femtosecond 

system; Zeiss, Jena, Germany) for tunnel creation.

Inclusion criteria were as follows: clear corneal center 

with corneal thickness .500 μm at the site of tunnel creation, 

no improvement in visual acuity with spectacles correction 

or intolerance to contact lenses, and patients with a mean 

keratometry between 42 and 65 D.

Patients were excluded if they had corneal scarring, history 

of previous corneal surgeries or ocular pathology, history of 

systemic medications that affect corneal wound healing, col-

lagen vascular diseases, corneal dystrophies, were pregnant 

or lactating, or patients with follow-up ,6 months.

All the patients had preoperative evaluations includ-

ing manifest UCVA, BCVA (logarithm of the minimum 

angle of resolution [LogMAR]), spherical equivalent (SE), 

slit-lamp biomicroscopy, fundus examination and corneal 

topographic analysis (maximum keratometric value for 3 

mm pupil in diopters [K max] and K astigmatism) with 

oculus pentacam.

Preoperative informed consent was obtained from the 

patients. Written informed consent to publish this paper 

and accompanying images was obtained from the patients. 

This research has been approved by the Ebsar Eye Center 

institutional review board.

The procedure was performed under topical anesthesia. 

We used femtosecond laser delivery system (VisuMax) to 

create the tunnels. The incision axis was planned on the axis 

of the steepest keratometric reading, with an 80% depth of the 

thinnest location at an optical zone 5 mm of inner diameter 

and an outer diameter of 5.8 mm. The pockets were opened 

using a blunt sinskey. The Kerarings were implanted accord-

ing to the Keraring nomogram rules.

Postoperative visits were scheduled at the first postop-

erative day and then at 1, 3 and 6 months after surgery. On 

each visit, manifest UCVA, BCVA (LogMAR), SE, slit-lamp 

biomicroscopy (Keraring position and corneal integrity) and 

corneal topographic analysis were observed. Postoperative 

treatment of tobramycin 0.3% and dexamethasone 0.1% eye 

drops was applied five times daily for 2 weeks with tapering 

of dexamethasone 0.1% for 2 weeks.

Statistical analysis
Statistical tests used are mean, standard deviation, analysis 

of variance and P-value. P-value was considered significant 

if ,0.05. Statistical analysis was performed using the com-

mercially available statistical software package (Statistical 

Package for Social Sciences for windows, Version 20).

Results
Thirty eyes of the 20 patients were included in this study. The 

mean age of patients was 27.43±3.57 years. Eleven patients 

(55%) were female and nine patients (45%) were male. 

Grading of KC in patients was as follows: grade II in 19 eyes 

(63.33%) and grade III in 11 eyes (36.66%) (Figures 1–3 

and Table 1).
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Ten patients had bilateral KC. The results were not 

affected in patients due to bilaterality or unilateralilty. Three 

eyes of two patients had follow-up ,6 months postoperatively 

and were excluded from statistical analysis. No mutations 

were associated or identified in the patients.

Keraring segments were successfully implanted in all 

eyes. The follow-up period was 6 months postoperatively.

The preoperative mean LogMAR UCVA was 1.5±0.23. 

At 1 month postoperatively, it was 0.65±0.15; at 3 months 

postoperatively, it was 0.61±0.14, and at 6 months post-

operatively, it was 0.54±0.16. There was a significant 

improvement in the mean LogMAR of UCVA after 

Keraring segment implantation at 6 months postoperatively 

(P=0.001).

The preoperative mean LogMAR BCVA was 0.85±0.17. 

At 1 month postoperatively, it was 0.35±0.15; at 3 months 

postoperatively, it was 0.26±0.11, and at 6 months postop-

eratively, it was 0.14±0.07.

There was a significant improvement in the mean LogMAR 

of BCVA after Keraring segment implantation at 6 months 

postoperatively (P=0.001).

The mean preoperative SE was -5.43±1.76 D. At 1 month 

postoperatively, it was -4.57±1.52 D. At 3 months postop-

eratively, it was -3.55±1.32 D. At 6 months postoperatively, 

Figure 1 Pre- and 6 months postoperative topographic photo of keratoconus patient after femto ICRS.
Notes: (A) Left preoperative topographic photo of keratoconus patient. (B) Left topographic photo of keratoconus patient at 6 months postoperatively.
Abbreviation: ICRS, intrastromal corneal ring segment.

Figure 2 Color photo showing intraoperative femtosecond laser Keraring implan
tation in keratoconus patient.

Figure 3 Slit-lamp examination of keratoconus patient 6 months after femtosecond 
laser Keraring implantation.
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it was -2.43±0.95  D. A significant reduction in SE was 

found (P=0.001).

The mean preoperative K astigmatism was 7.21±2.78 D. 

At 1  month postoperatively, it was 3.54±1.22  D. At 

3 months postoperatively, it was 3.25±1.14 D. At 6 months 

postoperatively, it was 2.99±1.09 D. There was a significant 

reduction in the mean K astigmatism after Keraring segment 

implantation at 6 months postoperatively (P=0.001).

The mean preoperative K max was significantly decreased 

from 55.85±5.44  D preoperatively to 44.05±1.64  D at 

6 months postoperatively (P=0.001).

No statistically significant differences were detected 

between 1 and 3 months of follow-up regarding the visual 

and the refractive outcomes.

No epithelial defects, white deposits in the segment 

tunnel, infections, segment migration to the incision site 

and corneal vascularization were observed postoperatively 

in the patients.

Discussion
ICRS (Keraring) implantation has been shown to be a mini-

mally invasive, safe and effective procedure that may delay 

or even avoid the need for keratoplasty in patients with KC 

with a significant improvement in UCVA.14,15

Keraring implantation more centrally at a 5 mm diameter 

achieves a greater flattening of the central cornea and leads 

to more efficient correction of KC.16

Femtosecond laser and mechanical dissection are the 

two main techniques used for tunnel creation during ICRS 

implantation.11

In this retrospective clinical study, we attempted to 

evaluate the efficacy of femtosecond laser-assisted ICRS 

implantation (Keraring) in patients with KC.

Thirty eyes of 20 patients were included in this study. 

Grading of KC in patients was as follows: grade II in 19 eyes 

(63.33%) and grade III in 11 eyes (36.66%).

All eyes were followed up for 6  months postopera-

tively.

In our study, there was a significant improvement in 

the final LogMAR UCVA from 1.5±0.23 preoperatively to 

0.54±0.16 at 6 months postoperatively (P=0.001). The final 

LogMAR BCVA was significantly improved from 0.85±0.17 

preoperatively to 0.14±0.07 at 6  months postoperatively 

(P=0.001).

Kubaloglu et al17 compared the outcomes of Keraring 

ICRS implantation with mechanical and femtosecond laser 

tunnel creation. They reported an improvement in both 

UCVA and BCVA in 86% and 88% of eyes, respectively, 

with no statistically significant differences in the visual and 

refractive results between both groups.

Tunc et al18 reported that the mean LogMAR UCVA 

increased significantly from 1.36±0.64 preoperatively to 

0.51±0.28 at 12 months after mechanical Keraring implan-

tation (P=0.001). The mean preoperative LogMAR BCVA 

Table 1 Visual and refractive data of the patients before and after Keraring implantation

Preoperative 1 month postoperative 3 months postoperative 6 months postoperative F test P-value

UCVA (LogMAR) 200.494 0.001
Range 1–1.9 0.3–0.9 0.4–0.9 0.15–0.9

Mean 1.51 0.65 0.61 0.54
SD 0.23 0.15 0.14 0.16
BCVA (LogMAR) 165.595 0.001
Range 0.5–1.1 0.1–0.6 0.1–0.5 0.1–0.4
Mean 0.85 0.36 0.26 0.14
SD 0.17 0.15 0.11 0.07
K max (D) 73.050 0.001
Range 46.7–65.9 42.3–55.4 42.8–49 42–48.7
Mean 55.85 47.45 44.58 44.05
SD 5.44 3.42 1.65 1.64
SE (D) 20.086 0.001
Range -6.5–0.2 -5.6–0.1 -0.6–0.06 -0.38–0.05
Mean -5.43 -4.57 -3.55 -2.43
SD 1.76 1.52 0.95 0.95
K astigmatism (D) 38.968 0.001
Range 0.4–11 0.1–4.8 0.1–4.7 0.09–4.3
Mean 7.21 3.54 3.25 2.99
SD 2.78 1.22 1.14 1.09

Note: P-value is significant if ,0.05.
Abbreviations: BCVA, best-corrected visual acuity; K max, maximum keratometric value for 3 mm pupil in diopters; LogMAR, logarithm of the minimum angle of resolution; 
SD, standard deviation; SE, spherical equivalent in diopters; UCVA, uncorrected visual acuity.
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was significantly improved from 0.57±0.29 to 0.23±0.18 at 

1 year postoperatively (P=0.001). Torquetti et al19 evaluated 

10 years follow-up of intracorneal ring segments (Ferrara 

ring) in KC patients. They observed an improvement in 

both UCVA and BCVA in KC patients with a decrease in 

corneal thickness.

Jadidi et al20 evaluated 15 eyes of 15 patients with KC 

that were treated by mechanical Keraring implantation. 

They observed a significant improvement in the mean Log-

MAR UCVA from 0.79±0.48 preoperatively to 0.28±0.15 

at 6 months after implantation (P=0.001). The mean pre-

operative LogMAR BCVA was significantly improved 

from 0.36±0.21 to 0.18±0.9 at 6 months after implantation 

(P=0.009).20 In our study, the mean preoperative K max was 

significantly reduced from 55.85±5.44 D preoperatively to 

44.05±1.64 D at 6 months postoperatively P,0.001.

The preoperative mean K astigmatism was significantly 

reduced from 7.21±2.78 D preoperatively to 2.99±1.09 D 

at 6 months postoperatively. The reduction in keratometry 

was accompanied with an improvement in both UCVA 

and BCVA.

Kubaloglu et al17 reported a decrease in the mean K max 

value from 53.5 to 48.9 D and an improvement in the mean 

SE from -5.05 to -1.87 D at 1 year postoperatively in the 

femtosecond laser group.

Our results are in agreement with previous studies that 

reported significant corneal flattening changes after Keraring 

implantation.18,20,21

In our study, there was a statistically significant reduction 

in the mean preoperative SE from -5.43±1.76 D preopera-

tively to -2.43±0.95 D at 6 months postoperatively.

Coskunseven et al22 implanted ICRS assisted by fem-

tosecond laser in KC patients. They reported a statistically 

significant reduction in the SE refractive error compared 

to that observed at the examination before implantation. 

Tunc et al18 reported a significant reduction in SE refractive 

error from -6.42±4.69 D preoperatively to -1.26±1.45 D 

(P=0.001) at 1 year postoperatively.

Shabayek and Alió16 reported that ICRS (Keraring) implan-

tation with femtosecond laser was a safe and effective method 

for KC with an improvement in BCVA and a reduction in 

corneal higher-order aberrations. No statistically significant 

differences were detected between 1 and 3 months follow-up 

regarding the visual and the refractive outcomes in our study.

No complications such as epithelial defects, white 

deposits in the segment tunnel, infections, segment migra-

tion to the incision site and corneal vascularization were 

observed in our study. Hellstedt et al23 reported segment 

movement, corneal melt and exposure in 35% of patients. 

Also Kwitko and Severo24 reported a higher rate of extrusion 

using mechanical dissection for Keraring implantation.

Shabayek and Alió16 reported a case with late localized 

infectious keratitis 1 month after the procedure that was 

treated well with no improvement in the visual outcome. 

Using the femtosecond laser for corneal tunnel creation 

in Keraring implantation made the procedure easier with 

an accurate precise depth of implantation, symmetry of 

the tunnels and little or no complication, and increased the 

experience of the surgeons.

Further studies should investigate the effect of ICRS 

(Keraring) implantation on corneal aberrations in patients 

with KC.

The drawbacks in our study were the short-term 

follow-up, the lack of analysis of corneal aberrations and 

the lack of comparison with mechanical ICRS (Keraring) 

implantation.

Conclusion
Analysis of the outcomes after Keraring ICRS implantation 

showed a significant postoperative corneal flattening with a 

subsequent increase in UCVA and BCVA. Using the femto-

second laser for tunnel creation made the procedure easy and 

fast with an accurate precise depth of implantation and reduced 

the risk of operative and postoperative complications.
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