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Abstract

Purpose: To evaluate the clinical feasibility and visual outcomes of allograft corneal ring segment implantation for the
treatment of keratoconus.

Methods: This case series, included forty-four eyes of 32 patients with a 6-month follow-up. All cases were treated
according to the Istanbul nomogram. In the Istanbul Nomogram, corneal tunnels of 4 x 7.5 mm diameters are created
at depth of 200 um and implanted with sterile allograft corneal rings (KeraNaturalTM, Lions VisionGift, Portland, OR,
USA\) at the cone location. Uncorrected distance visual acuity (UDVA), corrected distance visual acuity (CDVA), spherical
equivalent (SE) and keratometric values were compared preoperatively versus postoperatively.

Results: There was significant improvement in UDVA, CDVA, SE and topographic keratometric values. The mean pre-
operative CDVA (Snellen, decimal) increased from 0.29 +0.20, to 0.56 +0.26 (P<0.001), at the last visit. There was no
statistically significant difference between preoperative and postoperative thinnest pachymetry values (P =0.509). No
major complications or adverse event were observed during and after the operation.

Conclusions: The results of this pilot study show that sterile allograft corneal ring segments may be safe, effective and
enhance the visual performance of keratoconus patients. Larger clinical studies are needed to demonstrate the effective-
ness and safety with long term follow-up.
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the visual acuity of the patient by changing the curvature
and geometry of the cornea. It is widely used today in
the treatment of keratoconus and other corneal ectatic dis-
eases. ICRS implantation has been performed with
femtosecond laser-assistance in recent years and good
visual results are obtained and nomograms developed.
However, since they are made of synthetic materials,

Introduction

Keratoconus a progressive and non-inflammatory disease
is the most common ectatic corneal dystrophy character-
ized by severe visual acuity impairment by causing
corneal steepening and thinning, high degree of myopia
and irregular astigmatism.' Today, there are several treat-
ment options to achieve visual rehabilitation in keratoco-
nus, such as spectacles, contact lenses, intracorneal ring
segment (ICRS) implantation, corneal surface ablation
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combined with corneal crosslinking, implantation of
phakic intraocular lenses and finally, lamellar or penetrat-
ing keratoplasty.

Intracorneal ring segments (ICRS) are small synthetic
segments, usually made of polymethyl methacrylate
(PMMA) material, implanted in the cornea to improve
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complications such as extrusion, corneal melting, endothe-
lial perforation, corneal haze, postoperative segment
migration and misdirection of the ring segment into
either more superficial or deeper corneal layers have
been reported at a high rate.*>

The use of allograft material has come to the fore in
order to reduce these complications. Allograft materials
have been used in hyperopia, myopia and aphakia proce-
dures since the 1980s, and were first described by
Soosan Jacob in the management of keratoconus.*”’

The purpose of this study was to evaluate the clinical
feasibility, visual, and topographic outcomes of allograft
corneal ring implantation (Istanbul nomogram) in patients
with keratoconus. This is the first report of the combined
use of KeraNatural™ (sterile corneal allografts) and the
Istanbul nomogram in the literature.

Materials and methods

This retrospective, non-comparative study was included
forty-four eyes of 32 patients who had corneal ring segments
implanted for a keratoconus at the Department of
Ophthalmology, Medipol University Hospital, Istanbul,
Turkey between February 2020 and December 2020. The
study was approved by the Institutional Review Board/
Ethics Committee of the Istanbul Medipol University
(Approval number E-10840098-772.02-667 and Date
08.01.2021) and adhered to the tenets of the Declaration of
Helsinki. Informed consent was obtained from each patient.

Patient selection criteria

Inclusion criteria for allograft ring segment implantation
were patients age 20 years or older, contact lens intolerance,
a clear cornea, and minimal corneal thickness of at least
350 um at the thinnest location. Exclusion criteria were a
history of corneal/intraocular surgery, central or paracentral

Table I. Surgical and laser parameters of Istanbul nomogram.

+ 180° arc, corneal stromal tissue (approximately
500 pm)

* 2 mm wide

* Channel diaemeters and depth
* Inner diameter: 4 mm
* Outer diameter: 7.5 mm
* Depth: 200 pm

* Incision Cut Energy: 1.30 pJ

* Ring Energy: 1.30 yJ

* Incision Cut Length: [.5 mm

* Incision Axis: steep

* Cones
* Asimetric cone: single segment implantation
* Central cone: symmetric two segment implantation

scarring, previous viral keratitis, connective tissue diseases,
and pregnancy or lactation during of the study.

Surgical technique

The allograft corneal ring segments (KeraNatural'™, Lions
VisionGift, Portland, OR, USA) were implanted into
corneal tunnels created with femtosecond laser in all eyes
and was performed by the same surgeon (AK) under the
topical anesthesia. All allograft corneal rings segments
used in this case series were screened and processed by
the eye bank. The allograft corneal ring segments from
human corneas, procured and processed under strict
ethical standards from the Uniform Anatomical Gift Act
(UAGA), Food and Drug Administration (FDA), and the
Eye Bank Association of America (EBAA). Each donor
cornea was cleared for human use by the accredited eye
bank for lamellar procedures. Allograft corneal ring seg-
ments are processed and packaged in an International
Organization for Standardization (ISO) certified eye bank
cleanroom, sterilized to 107° sterility assurance level
(SAL) and carries a two-year shelf-life where the grafts
remain sterile and ready to be used even when stored at
room-temperature. The allograft corneal ring segments
used contained full thickness corneal stromal tissue
without epithelium and endothelium. The package
included allograft ring (360 degrees) and arc (180
degrees) options. Allograft corneal ring was cut with scis-
sors after marking with caliper from its edges and used at
approximately 160 degrees.

As a first surgical step, the center of the visual axis is
marked with a marked spatula and then corneal tunnel
was created for implantation with the femtosecond laser
(IFS® 150kH, Intralase, Abbott Medical Optics Inc, CA,
USA) according to the nomogram, which we call the
Istanbul nomogram (Table 1). The inner and outer dia-
meters of the tunnel were 4 mm and 7.5 mm, respectively.
The tunnel depth was 200 um. Dissection was performed
by moving the semicircular dissector in the lamellar
pocket with a rotational movement. As a second surgical
step, allograft corneal ring segment was implanted in the
cone location as a single ring segment (160 degrees)
under the guidance of topography. The allograft corneal
ring segment was inserted he tunnel using a modified
forceps through an incision located on the corneal topo-
graphic steep axis under a surgical microscope of clinical
excimer laser (VisX S4®, CustomVue, S4IR Abott
Medical Optics Inc, CA, USA). Topical moxifloxacin
0.5% (Vigamox®, Alcon Laboratories, Fort Worth, TX)
was used four times a day for one week and preservative-
free artificial tears were administered five times a day for
four weeks postoperatively. Topical dexamethasone 0.1%
(Maxidex®, Alcon Laboratories, Belgium) was used five
times daily for four weeks, then tapered and discontinued
at an average of 6 weeks.
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Follow-up

All patients underwent preoperative and postoperative oph-
thalmic examination which included slit-lamp examination,
uncorrected distance visual acuity (UDVA), corrected distance
visual acuity (CDVA) assessment with Snellen chart (decimal
equivalent), spherical equivalent, dilated fundoscopy,
Scheimpflug tomography (Pentacam®, Oculus Inc, Wetzlar,
Germany) and anterior segment optical coherence tomography
(AS-OCT) (Spectralis®, Heidelberg Engineering Inc,
Germany). Patients were evaluated postoperatively at days
1, 7 and 30 and thereafter at intervals of 3 months.

Statistical analysis

IBM SPSS for Mac (Version 22.0, IBM Corp, NY) was
used for statistical analysis. The descriptive statistics are
presented as mean and standard deviation (SD) values.
The Shapiro-Wilk test and box plot graphs were used to
evaluate whether the variables were normally distributed
or not. The Student’s t-test was used for paired group com-
parisons of variables with normal distribution, and
the Mann Whitney U test was used for paired group com-
parisons of variables with non-normal distribution.
Repeated Measures of Analysis Of Variance (ANOVA)
and Bonferroni tests analyzed the repeated measurements
of normally distributed variables. The Friedman test and
Wilcoxon Signed Ranks test were used for the analysis of
repeated measurements that did not show normal distribu-
tion. P values less than 0.05 were considered significant.

Results

The thirty-two patients mean age was 30.32 +7.43 years
with a range of 20 to 52 years. Eight patients (25.0%)
were female, and twenty-four (75.0%) were male. The allo-
graft corneal ring segments were implanted bilaterally in
twelve (37.5%) patients. All surgeries were accomplished
with no intraoperative complications and no major post-
operative complications were seen such as corneal
melting or necrosis. The follow-up time was a total of 6
months. In only one patient, 3 days after the operation, a
shift of the graft towards the implantation site and a
bulge at the tunnel entrance were observed. Although
there was no opening at the entry site, this patient’s graft
was repositioned. In addition, punctate epithelial damage
was observed between the area where the graft was
placed and the corneal center in one patient. Healing was
achieved after 2 weeks with medical treatment.

The mean and standard deviation (SD) of visual acuity,
refractive and topographic data before and after allograft
corneal ring implantation are shown in Table 2. As com-
pared to the baseline visual parameters included UDVA
and CDVA improved at last visit. The mean preoperative
UDVA was increased 0.20 +0.18 from to 0.45+0.26 (P

<0.001) and CDVA was increased 0.29 +0.20 from to
0.56+0.26 (P<0.001) the last visit follow-up. There
was a mean improvement of 2.8 lines in CDVA, with
one line in 8 eyes (18.2%), two lines in 7 eyes (15.9%),
three or more lines in 22 eyes (50%) at last visit. There
was no reduction in UDVA and CDVA compared to base-
line in all postoperative follow-up periods (Figure 1 and
Figure 2).

The mean SE refraction significantly reduced from
—7.77+4.89 to —2.79+5.21 (P<0.001), and all topo-
graphic keratometric values (Flat K, Steep K, Mean K
and Maximum K) were significantly improved at last
visit (P < 0.001). In Figure 3, the topographic changes
observed in an example patient are given. In this patient,
the flattening of the corneal curvature after surgery is
quite remarkable. We observed that this effect was
similar in most of our patients. There was no significant
difference in mean corneal thickness in the location of
the thinnest area measured by Scheimpflug tomography
(P > 0.05).

Discussion

In this study, we present allograft corneal ring segment
implantation for the surgical treatment of keratoconus.
We did not encounter any unexpected serious adverse
event in any of the patients included in the study. On the
contrary, we achieved an improvement in visual acuity in
84.1% of the patients (Figure 3).

In the previous studies published by our clinical team,
we have shown that corneal lenticule shaped with the
same technology can be used very effectively and safely
in the refractive treatment of hyperopia and presbyopia.®’
Similar our work, previous studies in the literature docu-
mented improvement in visual acuity and topographic
measurements were observed in other studies using allo-
graft material in the management of keratoconus, and no
serious side effects were reported.”'®"'® Biological ring
implantation treatment in the cornea was primarily per-
formed for this purpose by Soosan Jacob et al.” In their
study, Jacob et al. implanted corneal allogeneic intrastro-
mal ring segments (CAIRS) obtained with the trephine
they prepared in 24 eyes and obtained successful results.
They reported an increase in the UDVA and CDVA
levels of the patients. Apart from this study group, few
teams has investigated the treatment of keratoconus with
CAIRS." Similarly, in our study, we showed that accept-
able results can be obtained by using CAIRS in the form of
sterile corneal ring segments (KeraNaturalTM), prepared
by an eye bank. This surgical method is promising for
the treatment of keratoconus.

In this protocol, we implanted a 2 mm width allograft
corneal ring segment into the 1.75 mm corneal tunnel we
opened. While this made our implantation somewhat diffi-
cult, we noticed a good correlative effect. We achieved a
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Figure 2. The postoperative corrected visual acuity change plot.

moderately high tissue pressure inside the tunnel. We think
that this situation shapes the cornea by acting as if there is
an inflated ring-shaped balloon in the tunnel (Figure 4 and
5).

This method resulted in a restoration of corneal stromal
volume. In Figure 4, the implanted sterile allograft ring
segment filled the stromal channel fully, there is a greater
volume posteriorly, ring segment shape is different inside
channel, adjust from 2 mm width and square full thickness
corneal stromal tissue to intrastromal fusiform pattern. This
fusiform pattern shape shows us the natural cornea-cornea
interaction and corneal flattening by increasing the volume.
There is a different tension than known from PMMA rings,

PMMA rings stretch the tissue radially from the center to
the periphery. We believe that the implanted allograft
material provides a moderate tension increase in the
tunnel and volume support to the cornea.

Although the refractive correction of cornea is directly
proportional to the thickness of the tissue or implant,
there is no information about the thickness of allograft
corneal rings in the nomogram. In our study, we implanted
all cases with standard full thickness corneal ring segments
(approximately 500 microns thickness, 2 mm width), into
1.75 mm wide channels. However, in OCT measurements,
we observed different shapes and thickness of tissue intras-
tromally. This may be related to corneal resistance against
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Figure 3. Postoperative (left), preoperative (middle), and topographical difference maps (right) after sterile allograft corneal ring

segment implantation.

Figure 4. Anterior segment optical coherence tomography of the cornea 6 months after sterile allograft corneal ring segment

implantation.

the volume of allograft corneal ring segments that are more
flexible than synthetic materials, corneal biomechanics,
patients’s corneal surface tension distribution, keratoconus
severity, cone shape and location, or pachymetry values.
Today, synthetic rings are still the most preferred
method in the surgical treatment of keratoconus. The
most important reason for this is that there are established

protocols and sufficient experience in this regard. Of
course, synthetic ring implants have helped us a lot in
this regard. New studies on synthetic implants continue
to emerge.

Warrak et al.'® reported that only 2.66% of patients had
progression in long-term follow-up with ICRS (Intacs®)
implanted in keratoconus patients under 35 years of age.
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Figure 5. At six months postoperative, the corneas were clear, and the sterile allograft ring segment was clear.

Sedaghat et al.'® found that in 50 keratoconus patients with
Keraring implantation, there was a change in the ABCD
keratoconus classification, especially in the A element,
and less in the B element. They detected no change in C
and Delement. They also found a significant increase in
the CDVA values of the patients.

Although there are many studies show the efficacy and
safety of synthetic implants recently, there will always be a
search for biological material instead of synthetic material
implanted in the human cornea.

One of the main limitations of ICRS is the risk of extru-
sion in thin keratoconic corneas. Kugler et al. had to
remove ICRS because corneal melt occurred in 4 of their
279 ICRS implanted eyes for the treatment of keratoconus
and keratoectasia.'” Therefore, synthetic material implant-
ation should be done approximately 80% deep of the
cornea.'® Deep implantation can also lead to complications
such as endothelial perforation, misdirection of the ring
segment to the anterior chamber or deeper corneal
layers.'”2° In addition, repetitive eye trauma (ie, eye
rubbing) may increase the risk of extrusion of PMMA
rings. This risk may be less dangerous in allogeneic graft
inlays than in PMMA inlays. These are very serious com-
plications and may cause permanent vision loss, sometimes
requiring urgent keratoplasty.

Allograft corneal ring implantation has been used to
reshape the keratoconic corneal curvature and increase
tissue volume. Primary indications for KeraNatural™ are
not very different than ICRS implantation, and include
moderate or severe keratoconus with clear corneas,
patients’ intolerant to contact lenses. Additionally, we
can also implant KeraNatural™ keratoconic eyes with

less than 400 microns thickness as it is natural, flexible,
non-rigid corneal tissue. The goal of the Istanbul nomo-
gram is intraoperative and long-term safety and visual
support for keratoconus patient. For these purposes we
introduced the new product, KeraNatural ™, and the first
nomogram for this product. The most significant
outcome of this study was the regularization of topographic
mapping and local flattening effect. Each biosynthetic
material ring manufacturer provides a specific nomogram
for ICRS location and depth which depend on the kerato-
conus pattern and manifest refraction.

With these results, it would be difficult to say that
KeraNatural ™ implantation is a definitive effective treatment
method in the treatment of keratoconus. The main reason for
this is that it is not known whether it will affect the progression
of the disease. In addition, since it is a type of corneal tissue
transplantation, there is always a risk of rejection even if the
implanted material contains only the stromal component.
Even if there is corneal tissue, there is no guarantee that the
situation such as extrusion will not be seen in the long term.
However, treatment options are limited for individuals with
keratoconus and similar corneal ectatic diseases, and existing
treatments have some inadequacies.

As known corneal cross-linking treatment (CXL) is the
only treatment option to halt or at least to slow down the pro-
gression of the disease. However, to evaluate the efficacy and
safety of the allograft corneal ring, we avoided simultaneous
CXL. CXL treatment was planned 6 months after allograft
corneal ring implantation in all cases with progressive kera-
toconus. On the other hand, we don’t expect limitation to
perform CXL as implanted tissue should have same diffusion
properties for riboflavin and oxygen.
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The most important limitations of our study are the
limited number of cases, the wide age range of the cases,
the absence of another comparable group, the absence of
a control group, its retrospective nature and short
follow-up period. Another important limitation of our
study is that the Istanbul nomogram is based only on our
data and experience. The Istanbul nomogram is open to
improvement as allograft corneal ring implantation
becomes more common and experience increases.

In conclusion, sterile allograft corneal ring segments
were implanted with the novel Istanbul nomogram to
enhance the visual performance of keratoconus patients
with a material that is truly biocompatible. The results of
this pilot study were found to be comparable to previously
published synthetic ICRS. These results also support the
use of corneal allograft ring segments for larger prospect-
ive clinical study to demonstrate the effectiveness and
safety with long term follow-up.
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