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Introduction

Intrastromal corneal ring segment implantation is a minimally invasive procedure. Its main goals
are to flatten and regularize the cornea, to improve uncorrected and corrected visual acuity,
and to delay or even prevent a keratoplasty. ICRSs effect correlates directly to its thickness
and inversely to its distance to the visual axis.

Patients and methods

A retrospective observational study involving 44 eyes of 44 patients was initiated. The files
and pentacam printouts of 44 patients were retrospectively extracted and evaluated. The
preoperative and postoperative ocular findings and pentacam parameters of anterior and
posterior corneal surfaces, in addition to the pachymetry data, were recorded and analyzed.
Results

Forty-four patients with keratoconus were evaluated in this study. Evaluation of anterior
corneal surface showed significant flattening of all keratometry readings (P < 0.001) with
significant improvement of corneal astigmatism (P = 0.03), corneal asphercity (P < 0.001),
the inferior-superior asymmetry (P = 0.019) and the front elevation (P = 0.005) The posterior
corneal surface showed significant improvement in back elevation (P < 0.001), and the back
surface asphercity showed significant prolate shift (P = 0.01). The thinnest location was
significantly upward displaced towards the corneal apex. kera 355° showed a significant
flattening of all keratometry readings with significant improvement of corneal astigmatism and
corneal asphercity of the anterior corneal surface and the back surface asphercity showed
significant prolate shift (P=0.001). The ICRS showed a significant flattening of k _ (P = 0.030)
and corneal asphercity of the anterior corneal surface (P = 0.046).

Conclusion

The intracorneal ring implantation led to improvement of the tomographic corneal parameters
which was more significant at the anterior corneal surface.
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Introduction

'The goal of intrastromal corneal rings implantation is
to improve visual acuity by reguliztion of the anterior

keratoconus is a progressive corneal ectatic disease
characterized by paraxial stromal thinning and
weakening, resulting in irregular astigmatism, corneal
protrusion, and distortion of the anterior corneal
surface. It is usually bilateral, although asymmetrical
in most cases [1]. The management of keratoconus
depends on its severity, in early stage, spectacles
or soft contact lenses may be effective but in mild
to moderate stage rigid gas-permeable contact
lenses (RGPCLs) and scleral RGPCLs that cover
the entire cornea are required. Also, corneal collagen
cross-linking (CXL) and intracorneal rings (ICRs)
are effective. Furthermore, keratoplasty is confined
for severe and advanced stage with impaired vision
who could not use contact lenses [2]. Intrastromal
corneal rings implantation is safe and reversible
procedure that does not affect the central corneal
area, and hence, avoids interference with visual axis.
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corneal surface [3]. Intrastromal corneal ring segment
implantation is a minimally invasive procedure. Its
main goals are to flatten and regularize the cornea, to
improve uncorrected and corrected visual acuity, and
to delay or even prevent a keratoplasty. ICRSs eftect
correlates directly to its thickness and inversely to its
distance to the visual axis [4]. The aim of the study is
to correlate the effect of intra-corneal ring segment
with the age of the patients and to evaluate the
tomographic changes that occur at the anterior and
posterior corneal surfaces after intrastromal corneal
rings implantation.

This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.
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Patients and methods

This was a retrospective observational case series study
that included 44 eyes of 44 patients were selected from
El NOUR Eye Center, Assiut government, Eygpt.
All patients were subjected to full ophthalmological
examination including examination of the cornea
and anterior segment at the slit-lamp, fundus
biomicrosopy, (intra ocular pressure) IOP, (uncorrected
visual acuity) UCVA, (distant corrected visual acuity)
DCVA, manifest and subjective refraction were extracted
from patients files and records. The study was approved
by the Institutional Review Board\Ethics Committee
of the Faculty of Medicine at Assiut University with
IRB 17101543, and was conducted in accordance with
Declaration of Helsinki. This study included patients
with keratoconus implanted with the KeraRing 355
degree, KeraRing one segment and KeraRing two
segments ICRS. Corneal tomography scans of the
two corneal surfaces were obtained preoperatively and
postoperatively with a rotating Scheimpflug imaging
system, pentacam (Pentacam HR; Oculus, Wetzlar,
Germany).The study participants underwent evaluation
of the anterior and posterior surface parameters,
Pachymetry parameters, elevation maps parameters
and the effect of Kera 355° ring and ring segments on
anterior and posterior corneal surfaces

Inclusion criteria

The patients included in this study were cases of
keratoconus grade II and III according to the mean
K Amsler-Krumeich classification, aged more than
18 year old, their corneal thinnest location is more than
400 um, Their maximum keratometry (Kmax) between
48 and 62 D, with contact lens intolerance and clear
cornea with no Vogt’s striae.

Exclusion criteria

Cases of corneal scarring, patients had previous corneal
surgery, patient with Grade IV KC, any concurrent
corneal disease in addition to KC and patients with
autoimmune or systemic connective tissue diseases
were excluded from the study.

Surgical technique

We first do preoperative preperations by application of
topical anathesia using Benoxate hydrochlroide 4% sterile
ophthalmic eye drops (Benox; Egyptian International
pharmaceutical Industries Co., 10" of Ramadan city,
Eygpt), complete aseptic conditions by using iodine eye
drop 5% and drapping the eye then pupil center is marked
at the site of the light reflex as a reference point and corneal
thickness is measured at the site of implantaion and
femtosecondlaser docking systemisadjusted. femtosecond

laser eliminate the precorneal tear film, applanate the
cornea, fixates the eye, and maintains a precise distance
from the head of the laser to the focal point of the tunnel
location. Femtosecond laser system (FS-200 wavelight;
Fort Worth, USA). The device use 200-kHz repetition
rate, 1030-nm wave length. The selection of ICRS was
according to the manufacturer nomogram keraRing
355°(Mediphacos, Belo Horizonte, Brazil)) offered for
central keratoconus and mainly myopic refractive error.
The femtosecond laser is used with 5-um spot size to
create an intrastromal corneal pocket of 8-mm diameter
and a depth of nearly 80% of the corneal thickness at the
thinnest location with a superior tunnel incision at 90°
of 4-mm width, Kera ring segments offered for patients
presented mainly with astigmatic error, a tunnel is made,
the incision is reopened with Sinsky hooks, forceps are
used to grasp the intra-corneal ring segment and lift it
from its case. the ring segment is rolled slightly superiorly
to achieve the proper entry angle, once the leading edge is
inserted into the pocket and half of the segment is in the
tunnel, the grasp on the forceps is released the reminder
of the segment is then nudged into the tunnel using
the Sinsky hook and finally, application of contact lens.
Postoperative medications: include tobramycin eye drops
and dexamethasone eye drops five times per day for two
weeks.

Statistical analysis

'The Statistical Package for the Social Sciences (version 25.0;
SPSS, Inc., Chicago, IL) was used for the statistical
analysis. The results are presented as mean * standard
deviation. For comparison of groups, the Wilcoxon test
for nonparametric samples was used. For correlation, the
Pearson’s correlation coefficient was used. P values of less
than. 05 were considered statistically significant.

Results

This study included 44 eyes of 44 patients with
keratoconus who underwent intra-corneal ring
implantation, 26 of them were males and 18 were

females (Table 1).

Table 1 Patient demographics

Variables Patients (n=44)
Age
Mean+SD 24.95+5.10
Median (IQR) 24 (23-26)
Gender n (%)
Male 26 59.1%
Female 18 40.9%
Residence n (%)
Rural 27 61.4%
Urban 17 38.6%
History of consanguinity n (%) 31 70.5%

Values are presented as mean+SD or number (%)
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The anterior surface

The mean postoperative (flat keratometry readings)
K., (steep keratometry reading) K, and (maximum
keratomety reading) K showed a statistically
significant flattening from the preoperative values.
The mean postoperative K~ was found to be
significantly flat. The mean corneal astigmatism
significantly decreased postoperatively. There was a
statistically significant decrease in the prolatness of
the corna. The asymmetric inferior steepening relation
to superior (I-S) at 4 mm circle showed significant

decrease (Table 2).

The posterior surface

The mean k;, k, and k__ showed non-significant
flattening postoperatively. Corneal astigmatism showed
non-significant decrease in amplitude. Q-value showed

statistically significant prolate shift (Table 3).

Pachymetry parameters

The mean pachymetry at corneal apex at thinnest
location as well as the mean average progression index
showed non-significant increase. The pachymetry
at the thinnest location increased, while the average
progression index increased. The mean corneal volume,

Table 2 Preoperative and postoperative anterior surface parameters

Variables Keratoconus patients (n=44) P
Preoperative Postoperative Change (4)

K1
Mean+SD 47.1£3.6 44.5+5.2 -2.6+4.57 <0.001*
Median (IQR) 46.5 (46-48.2) 44 (42.9-46.1) -2.95 (-4-1.23)

K2
Mean+SD 51.5+5 48.6+6.1 -2.93+5.07 <0.001*
Median (IQR) 50.7 (50-53) 47.8 (46.7-50.4) -3.4 (-4.48-1.39)

Km
Mean+SD 49.3+4.3 46.3+5.3 -3.03+4.77 <0.001*
Median (IQR) 48.4 (48-50.6) 46 (44.6-47.9) -3.65 (-4.48-1.58)

Kmax
Mean+SD 56+6.72 54.7+6.87 -1.26+3.56 0.023*
Median (IQR) 55.45 (53.99-58.08) 53.66 (52.68-56.87) 0.00 (-0.1-2.34)

Corneal astig
Mean+SD -2.2+4.6 -1.4+4.5 0.8+2.36 0.03*
Median (IQR) -3.3 (-3.6-0.8) -2.5 (-2.7-0.03) 0.9 (0.08-1.5)

Q-value
Mean+SD -1+0.8 -0.28+1.14 0.7+1.18 <0.001*
Median (IQR) -0.96 (-1.27-0.75) -0.19 (-0.6-0.06) 0.79 (0.3-1.09)

Sagittal curvature map (I-S at (4 mm))
Mean+SD 7.7+4.5 6.4+4.2 -1.26+3.45 0.019*
Median (IQR) 8.4 (6.3-9.1) 7 (5.1-7.7) -0.85 (-2.3-0.20)

Values are presented as mean+SD and median (IQR) K, flat keratometry reading; K,, steep keratometry reading; K _, mean keratometry

reading; k

max’

Table 3 Preoperative and postoperative posterior surface parameters

maximum keratometry reading; astig, corneal astigmatism; P value , is significant if <0.05.

Variables Preoperative Postoperative change (A) P

K1
Mean+SD -7+0.9 -0.008+0.98 0.95
Median (IQR) -7.1(-7.4-6.7) -7(-7.3-6.8) 0.1 (-0.3-0.2)

K2
Mean+SD -7.7£1.2 0.17+0.72 0.1
Median (IQR) -7.9(-8.0-7.6) -7.8(-8.1-7.4) 0.05(-0.04-0.3)

Km
Mean+SD -7.4+11 0.15+0.62 0.11
Median (IQR) -7.4 (-7.8-7.3) -7.4(-7.7-7.0) 0.1(-0.3-0.03)

Corneal astig
Mean+SD 0.5+0.78 -0.15+0.62 0.12
Median (IQR) 0.8 (0.5-0.9) 0.7 (0.3-0.8) 0.00(-0.3-0.04)

Q-value
Mean+SD -1.65+0.82 -0.24+0.61 0.01*
Median (IQR) -1.23 (-1.66-1.16) -1.53(-1.90-1.40) -0.27(-0.42-0.05 )

Values are presented as mean+SD and median (IQR) K, flat keratometry reading; K,, steep keratometry reading; K_, mean keratometry
reading; kmax, maximum keratometry reading; astig, corneal astigmatism; P value, is significant if <0.05.
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on the other hand, showed significant increase, and the
mean vertical downward displacement of the thinnest
location showed significant improvement (Table 4).

Elevation map parameters
The mean values of front and back elevations showed a

significant decrease. (Table 5).

Correlation between age and change (A) in K1 and K2
at the anterior surface

There was a statistically significant, negative moderate
correlation between the age of patients and the
amplitude of flattening effect of ICRS on k;. On the
other hand, we found no correlation between the age
of patients and the amplitude of change in . and
corneal volume (Table 6) (Figs. 1 and 2).

The effect of Kera 355° and segment rings on the
anterior surface parameter

The Kera 355° ring resulted in significant flattening
effect on the mean k, and the mean k, the Kera 355°
ring resulted in a statistically significant oblate shift
On the other hand, there was no significant decrease
in the mean corneal astigmatism. The corneal ring
segments resulted in a statistically significant flattening

Table 4 Preoperative and postoperative pachymetry parameters

effect on the mean k_and a statistically significant
oblate shift. the ring segments led to non-significant
flattening effect on the mean k, and mean k,. and
led to non-significant decrease in the mean corneal

astigmatism (Table 7).

The effect of Kera 355° and segment rings on the
posterior surface parameters

'The Kera 355° ring resulted in a statistically significant
prolate shift in asphericity of posterior corneal surface.
On the other hand, Kera 355°ring did not result in
significant change in the mean k, nor in the mean
corneal astigmatism. The corneal ring segments led to
non-significant change in all posterior corneal surface

parameters (Table 8).

Discussion

In the current study, the mean age of patients at
presentation was 24.45 + 5.10 years, which was
consistent with previous studies [5,6]. Buzzonetti
and his colleagues suggested that KC commonly
appears in teens or early 20 of age, but can present
later in life especially when mild [7]. We found a
statistically significant flattening of all K-readings
of anterior corneal surface. Similar results were

Variables Keratoconus patients (n=44) P
Preoperative Postoperative Change (4)

At apex
Mean+SD 450+36 451s41 0.43+30.35 0.925
Median (IQR) 448.5 (440-461) 457 (439-464) 5.00 (-8.7-9.6)

Thinnest location
Mean+SD 443+37 446+41 2.72+29.3 0.541
Median (IQR) 439 (432-455) 450 (434-459) 6.00 (-6.1-11.6)

Y- co-ordinate
Mean+SD -0.27+0.21 -0.12+0.25 0.14+0.27 0.001*
Median (IQR) -0.25 (-0.33-0.2) -0.07 (-0.2-0.04) 0.13 (0.06-0.22)

Corneal volume
Mean+SD 56.77+3.9 57.44+4.17 0.67+2.36 0.002*
Median (IQR) 56.20 (55.58-57.95) 56.3 (56.17-58.71) 0.00 (-0.04-1.3)

Average progression index
Mean+SD 2.51+0.88 3.18+1.22 0.66+1.34 0.067
Median (IQR) 2.37 (2.24-2.78) 3.11 (2.81-3.55) 0.31 (0.25-1.07)

Values are presented as mean+SD and median (IQR). *P value is significant if <0.05.

Table 5 Preoperative and postoperative elevation map parameters

Variables Keratoconus patients (n=44) P

Preoperative Postoperative Change (4)

Elevation map (Front elevation)
Mean+SD 16.8+11.2 11.29+12.2 -5.5+12.44 0.005*
Median (IQR) 18 (13.3-20.2) 8 (7.5-15) -7.00 (-9.2-1.7)

Elevation map (back elevation)
Mean+SD 43+17 4116 -1.75+3.06 <0.001*
Median (IQR) 47 (38-49) 44 (36-46) -1.00 (-2.68-0.81)

Values are presented as mean+SD and median (IQR). *P value is significant if <0.05.
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Table 6 Correlation between age and change (4) in K1 and
K2 anterior surface

Variables Age

rvalue P value
Change (4) in K, -0.344 0.022
Change (4) in K, -0.347 0.021
Change (4) K, 0.12 0.437
Change (4) in corneal volume -0.062 0.687

Values are presented as mean = SD. *P value is significant if <0.05

Table 7 Preoperative and postoperative anterior surface
parameters according to the type of ring (kera 355 and
segment rings)

Variables Kera 355° Segment
ring (n=23) ring (n=21)
K, Mean+SD
Preoperative 47.2+3.35 47141
Postoperative 43.7+4.38 45.4+6.0
Change (4) -3.35+4.23 -1.61+4.81
Percent of change (A) 7% 3%
P value within group 0.001* 0.139
K, Mean+SD
Preoperative 51.3x4.3 51.8+5.8
Postoperative 45.8+4.7 49.5+7.4
Change (A) -3.55+4.72 -2.26+5.47
Percent of change (A) 6% 4%
P value within group 0.002* 0.073
K, Mean+SD
Preoperative 49.19+3.7 49.5+5.0
Postoperative 46.7+4.3 46.9+6.3
Change (4) -3.4+4.47 -2.63+5.16
Percent of change (A) 6% 5%
P value within group 0.001* 0.030*
Corneal astig Mean+SD
Preoperative -2.4+3.8 -1.9+5.4
Postoperative -1.6+£3.8 -1.2+5.2
Change (4) 0.84+2.67 0.75+2.05
Percent of change (A) 35% 39%
P value within group 0.142 0.108
Q-value Mean+SD
Preoperative -1.05+0.73 -0.97+0.99
Postoperative -0.18x1.2 -0.39+1.09
Change (4) 0.87+1.11 0.58+1.26
Percent of change (A) 82% 59%
P value within group 0.001* 0.046*

Values are presented as mean+SD and median (IQR) K|, flat
keratometry reading; K,, steep keratometry reading; K_, mean
keratometry reading; k ., maximum keratometry reading; astig,
corneal astigmatism; P value , is significant if <0.05.

reported in previous studies [5,8-14]. The Q-value
showed significant oblate shift indicating significant
improvement of anterior surface asphericity, likewise,
the anterior corneal surface astigmatism significantly
improved. These results were consistent with a study by
Lyra in 2017 [15]. For the posterior corneal surface, we
found non-significant improvement in keratometric
readings and corneal astigmatism. On the contrary,
Sedaghat ez al. [16] reported significant improvement
of K-readings and corneal astigmatism except for the
mean keratometry reading and Q-value which didn’t

show significant oblate shift, But we found that the
Q-value significantly changed towards prolate shift.
A possible explanation for this might be that ICRSs
affect the back surface of the cornea as well. It is
known that keratoconic corneas have a local forward
protrusion on both the anterior and posterior surfaces.
Furthermore, the optical contribution of the posterior
corneal surface is considerably more significant in
keratoconus, particularly in advanced cases by D'Oria ez
al., [17]. Another explanation is one might also expect
a significant change in posterior corneal curvature;
however, the observed changes showed the most
flattening effect in the anterior corneal surface in the
group with successful results. This flattening effect is
explainable based on the arc-shortening model, which
supposes that the ring segments act as spacers between
the corneal lamellae and consequently will reduce the
arclength of the central lamellae These findings confirm
the findings of Pérez-Merino e al. [18] and Ortiz
et al. [19]. According to the Pachymetry Parameters, in
our study the values at the corneal apex, at the thinnest
location as well as the mean average progression index
showed non-significant increase. The mean corneal
volume, On the other hand, showed significant increase
and the mean vertical displacement of the thinnest
location showed significant improvement. These
results are in agreement with Sedaghat ez a/ [20], this
study showed that there was no statistically significant
difference between pre- and postoperative corneal
thickness measurements at the apex, in the thinnest
point [16]. On the other hand, there was a statistically
significant increase in pachymetry postoperatively in
all age groups as noticed by Torquetti e a/. [21]. In
our study the elevation maps parameters showed a
significant decrease in the values of the front and
back elevation. This finding is consistent with, a study
found that the maximum elevation points on the
anterior and posterior surfaces of the cornea decreased
significantly, with the posterior surface experiencing
a greater elevation decline as noticed by Abd Elaziz
et al. [8], and supported by reports by Rho ez al. [22],
and Salgado-Bovges ez al. [23]. In our study, we
found that the amplitude of flattening of k and k,
was significantly related to the age of the patient
where the greater flattening was found in younger age
patient.On comparing the effect of Kera 355° ring
with ring segments on anterior surface parameters:
the Kera 355 ring resulted in statistically significant
flattening effect on the mean k; k,and k . while the
corneal ring segments flattened all the K-readings, this
flattening was significant only on the mean k_. Both
types of rings have resulted in improvement of the
amplitude of anterior corneal astigmatism that was
statistically non-significant. On the other hand, both
types produced a statistically significant oblate shift
in corneal asphericity that was more pronounced
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Figure 2
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(a) Preoperative and (b) postoperative refractive map of 20 year old
patient.

Table 8 Preoperative and postoperative posterior surface
parameters according to the type of ring

Variables Kera 355° Segment
ring (n=23) ring (n=21)
K, Mean+SD
Preoperative -7.12+0.7 -7+1.6
Postoperative -7.2+0.8 -6.9+0.95
Change (4) -0.07+0.51 0.06+1.33
Percent of change (A) 0.9% 0.8%
P value within group 0.499 0.830
K, Mean+SD
Preoperative -8.0+0.8 -8.0+1.0
Postoperative -7.8+1.2 -7.8+1.3
Change (A) 0.13+0.61 0.23+0.83
Percent of change (A) 1.6% 2.8%
P value within group 0.324 0.215
Km Mean+SD
Preoperative -7.5+0.8 -7.6+0.9
Postoperative -7.3+1.0 -7.4+1.2
Change (4) 0.07+0.58 0.23+0.67
Percent of change (A) 0.9% 3%
P value within group 0.529 0.125
Corneal astig Mean+SD
Preoperative 0.8+0.5 0.6+0.8
Postoperative 0.6+0.6 0.5+1.0
Change (4) -0.2+0.5 -0.10+0.76
P value within group 25% 16%
P value within group 0.067 0.570
Q-value Mean+SD
Preoperative -1.29+0.84 -1.54+0.81
Postoperative -1.69+0.86 -1.61+0.79
Change (4) -0.39+0.65 -0.08+0.52
Percent of change (A) 30% 5%
P value within group 0.009* 0.498

Values are presented as mean+SD and median (IQR) K, flat
keratometry reading; K,, steep keratometry reading; K_, mean
keratometry reading; k., maximum keratometry reading; astig,
corneal astigmatism; P value , is significant if <0.05.

with Kera 355° ring type. The effects of corneal ring
segments on the anterior surface parameters were a
flattening in all K-readings and this flattening only
significant on the mean km, the improvement in the
amplitude of corneal astigmatism was statistically
non-significant and a statistically significant oblate
shift in the corneal asphericity of the anterior surface
and these results are consistent with that reported by

Auial 7 Sagital Curvature (Front) Axial / Saghtal Curvature (Front)
S o

S . OD
S

\

(a) Preoperative and (b) postoperative refractive map of 42 year old
patient.

berty ez al. While the effects of corneal ring segments on
the posterior surface parameters were a non-significant
postoperative difference in the mean ki, k2, km, or
in the posterior corneal surface astigmatism and a
statistically non-significant oblate shift in the corneal
asphericity and this consistent with Berty ez a/. [24]

Conclusion

The intracorneal ring implantation led to
improvement of the tomographic corneal parameters
which was more significant at the anterior corneal
surface.
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