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ABSTRACT

A case of bilateral keratoconus after corneal cross-linking in
both eyes and ineffective ring segment implantation in the left
eye is presented. The ineffective ring segment was removed
and instead, a corneal pocket was created and a MyoRing
was inserted. In this case study, the currently available options
of treatment are presented and the differences between ring
segments and MyoRing are discussed in detail.
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INTRODUCTION

Keratoconus is a rare disease in Europe and North
America, where it occurs in only 1 out of 1000 to 2000
inhabitants.! There are endemic and epidemic global
regions, particularly the near and Middle East, where
keratoconus occurs much more often with incidence rates
in the double-digit percent range.

The aim of this publication, which draws on a
relatively common but exemplary case, is to provide an
update of current knowledge about keratoconus and
outline the existing methods of treatment.

CASE REPORT

A 27-year-old patient from Switzerland with symptoms of
keratoconus in both eyes presented at my medical practice
to seek consultation about keratoconus. He had under-
gone corneal cross-linking in both eyes at a university
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hospital in his home country to halt the progression of his
disease, where also intracorneal ring segments (ICRS) had
been implanted in the left cornea to rehabilitate his vision.
He reported that after ICRS treatment he had consistently
been suffering from poor vision, and that his vision in
the treated eye had further deteriorated in the course of
the first year following the surgical intervention and that
he was dissatisfied with the outcome. He wears a contact
lens in the right eye, which he feels quite comfortable
with. He had problems wearing a contact lens in the left
eye, and wanted the ring segments to be removed and a
MyoRing (SehRing) implanted in this eye.

The patient presented with the following eye exam
findings:
¢ OD CDVA 1.0 with -5.75s -1.75¢ x 170°, UDVA 0.05
e OS CDVA 0.3 with -12.0s -7.75¢ x 170°, UDVA 0.2

Corneal topography in the left eye by means of a Pen-
tacam eye scanner (Oculus GmbH, Germany) revealed
SIM K1 =469, SIM K2 = 52.2 and a corneal thickness of
447 pm at the thinnest spot. The topography measure-
ments are depicted in Figure 1.

Following the patient’s justified opinion that his ICRS
treatment had been ineffective, I removed the implanted
ring segments in my medical practice. To this end, I reo-
pened the access to the circular tunnel through the radial
incision, which was already scarred, and pulled out the
segments from the circular tunnel through this access.
The radial incision in the cornea was then resutured at
the 12-o’clock position by using a 10-0 nylon filament.
The sutures were removed after 4 months.

Fig. 1: Sagittal corneal topography of the left eye with ring
segments and after cross-linking
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After two more months, MyoRing implantation using
local anesthetic eye drops was performed. By using a
PocketMaker ultrakeratome (DIOPTEX GmbH, Austria), a
lamellar, virtually fully closed corneal pocket (diameter:
9 mm) was cut into the cornea at a corneal depth of 300
pm. Through a 4 mm wide temporal lamellar access, a
MyoRing (DIOPTEX GmbH, Austria) with a diameter of
6 mm and a thickness of 300 um was inserted into the
corneal pocket. In a next step, the MyoRing was centrally
positioned inside the corneal pocket according to the
manufacturer’s training guidelines by using the intersec-
tion point of the optical axis and the corneal surface as
a reference. The eye was actively fixating to the surgical
microscope by means of a specially equipped lighting
and fixing system suited for the purpose.

MyoRing implantation is a surgical intervention that
differs significantly from the implantation of ring seg-
ments (ICRS).

The internationally patented MyoRing is not a ring
segment (ICRS), but a closed full ring implant with two
a priori mutually exclusive properties: it is extremely
rigid, with a high effective elastic modulus which allows
to change the geometry of the cornea, yet flexible (shape
memory) so it can be inserted through a tiny lamellar
opening in the cornea in a biomechanically neutral
manner.

As will be discussed in more detail later, MyoRing
implantation (CISIS) differs from ICRS in that no sutures
for closing the cornea are required as the opening is not
radial and has no weakening effect on the cornea; it has
lamellar and biomechanically neutral properties and is
therefore self-sealing (as in clear corneal cataract inci-
sions). Moreover, CISIS does not require a circular tunnel
into which implants are inserted as in ICRS. All it takes
is a corneal pocket to keep the system biomechanically
neutral. This helps to avoid complications typical of ICRS,
such as extrusions and corneal melting. The corneal
pocket in CISIS has no spatial expansion; it is a virtual
gap without a volume which is located between the ante-
rior and posterior lamella of the cornea, even invisible
under the biomicroscope. It resembles a laser-assisted
in situ keratomileusis (LASIK) flap, which has no volume
between the anterior and posterior lamella of the cornea
either. The difference between the corneal pocket in CISIS
and the flap in LASIK lies in the fact that LASIK weakens
the cornea through the wide opening of the lamellar cut of
the cornea, whereas the corneal pocket in CISIS is virtu-
ally fully closed and therefore biomechanically neutral.

Three months following CISIS/MyoRing implantation,
the patient had an uncorrected vision of 0.7 in the left eye
that had undergone surgery, and his visual acuity has

remained basically unchanged until the present day,
2 years after the intervention:

OS CDVA 0.9 with +1.0s —1.5¢ x 1755 UCVA 0.7

The other parameters are SIM K1 = 41.3, SIM K2 =
44.7 and a corneal depth of 440 um. The topography of
the treated eye measured during the most recent exam is
shown in Figure 2. The clinical findings of the untreated
right eye had remained unchanged since the first con-
sultation.

DISCUSSION

Keratoconus is a disease of the cornea which is
characterised by two properties:®

1. Impaired vision.

2. Progression.

The normal cornea consists of some 200 regularly
stacked collagen lamellae, representing a crucial com-
ponent of the optical function of the eye.*> The optical
function of the cornea is based on its transparency and
its refractive power (Diopters). The transparency of the
cornea results from a short-range ordered arrangement of
collagen fibrils within the collagen lamellae, similar to a
liquid crystal.® The refractive power of the cornea stems
from its geometry: the refractive power is indirectly pro-
portional to the central radius of the cornea.” In a normal
eye, over 40 Diopters —two thirds of the total refractive
power of the eye, which amounts to more than 60 Diop-
ters—are found on the corneal surface. This explains,
why even subtle changes in the corneal geometry can
lead to considerable vision impairment. As long as the
corneal surface has a largely regular curvature, a refrac-
tion anomaly (shortsightedness, farsightedness) can still
be corrected by eyeglasses. If the corneal surface has an
irregular curvature, like in keratoconus, vision impairment
can no longer be compensated by eyeglasses, especially

Fig. 2: Sagittal corneal topography measured during the most
recent eye exam (2 years after MyoRing implantation and 2.5 years
after ring segment removal)
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so with higher degrees of irregularity. Pathological
changes in the cornea and the loss of vision in patients
with keratoconus are associated with the loss of the regu-
lar (orthogonal) layering of the collagen lamellae in the
corneal stroma.® When a certain degree of irregularity of
the corneal geometry is exceeded and vision impairment
can no longer be corrected with eyeglasses, the classical
approach is to use hard contact lenses. With this method,
irregularities on the corneal surface are optically com-
pensated by the tear film underneath the contact lens;
the decreased optical function of the cornea is largely re-
placed by the optical quality of the contact lens or contact
lens surface. But because keratoconus has a tendency to
progress and the cornea becomes thinner and takes on an
increasingly irregular and cone-like shape, there comes a
point where even a contact lens will lose its stability on
the cornea. According to the classical interpretation, this
is the point where corneal transplantation (keratoplasty)
is commonly performed. The disadvantage is that the
optical function of the eye often varies considerably after
keratoplasty and the outcome is often unsatisfactory.”!!
Furthermore, it needs to be noted that keratoplasty, and
the large number of sickness leaves, work absences and
poor work performance associated with it, are a huge
financial burden on the economy.

Here is where the benefit of special corneal implants
like ring segments (ICRS) and MyoRing CISIS comes in.
The aim is to ‘bridge’ the gap between contact lenses
and keratoplasty by a minimally invasive intervention,
or in other words, to largely replace contact lenses and
keratoplasty by an effective, safe and minimally invasive
intervention.

Ring segments (ICRS) were originally developed and
used for the treatment of mild shortsightedness of up to
— 4 Diopters.!*™ Because of the relatively poor predict-
ability of the results, they were soon replaced by the con-
currently developed methods using excimer laser, such
as photorefractive keratectomy (PRK) and LASIK.!5”
It was not before the early years of the millennium
that ICRS was gradually applied as a method for the
treatment of keratoconus.'®

The basic mechanism of action of ICRS is based on
a shortening of the central arc length of the cornea by
adding volume to its peripheral parts (Fig. 3).

Fig. 3: Schematic representation of the shortening of the arc
length by adding peripheral volume to the cornea

When peripheral volume is added, the collagen lamel-
lae have to take a ‘detour” around the volume (implant).
This ‘detour’ reduces the central arc length of the cornea,
thus flattening the central part and changing the refrac-
tive power of the cornea.

In the case of keratoconus, ICRS also serves to regu-
larize the corneal shape to a certain extent, which may
lead to postoperative vision improvement.'®

A novel approach to keratoconus treatment is CISIS,
a method which is based on a new technology."

This new method differs from ICRS in that it does not
use radial keratotomy to produce a circular tunnel, into
which the ring segments are inserted. In CISIS, a Pocket-
Maker ultrakeratome is used to create a lamellar cut in
the corneal interior (corneal pocket), which is basically
invisible from the outside and represents a virtual gap
of 9 mm in diameter and 300 pm in depth. Through a 4
mm wide temporal lamellar access, the MyoRing is imp-
lanted into the corneal pocket. To master this challenge,
the MyoRing is compressed by special forceps prior to
being implanted, so that it fits through the narrow access
and can be inserted into the corneal pocket. The MyoRing
combines two apparently contradictory properties: It is
rigid enough to stabilize the geometry of the target cornea
and also flexible enough (shape memory) to be inserted
through a tiny opening in the cornea. After being imp-
lanted, the MyoRing readopts its original circular shape.
The PocketMaker ultrakeratome is extremely accurate
and suited for safely and precisely cutting an appro-
priate pocket—Iarge enough to accommodate a MyoRing
implant of 8 mm in diameter —even into corneal tissue
with heavily reduced thickness (merely 350 um), such as
found in patients with highly advanced keratoconus. In
cases, where the corneal thickness is reduced to below
350 um, keratoplasty remains the only available option.

The MyoRing is a full ring implant and can therefore
not be implanted into a circular tunnel like ICRS; it needs
to be inserted into a corneal pocket. In terms of efficacy
and safety, the CISIS/MyoRing technique has significant
clinical and biomechanical advantages over ICRS. It is
quite common that ring segments prove to be ineffective
and need to be replaced by a MyoRing; the MyoRing is
occasionally even implanted without withdrawal of the
ineffective ring segment.?’

Those who prefer ICRS over the MyoRing occasionally
argue that with ICRS the cornea is only peripherally
‘manipulated” along a circular tunnel, with the central
part of the cornea remaining unaffected, while CISIS and
MyoRing also involve the center of the cornea by cutting
a 9 mm wide corneal pocket into its interior. In reply to
this argument it needs to be noted that the LASIK method
also creates a flap in the central part of the cornea. The

78

&



IJKECD

MyoRing Treatment of Keratoconus

lamellar cut through the center of the cornea—in the form
of a flap as in LASIK, or in the form of a closed pocket
as in CISIS—does not lead to an optical impairment.??
The difference between the corneal pocket in CISIS and
the flap in LASIK is more of a biomechanical nature, as
LASIK weakens the cornea through the wide opening of
the lamellar cut of the cornea (flap), whereas the lamellar
cut in CISIS is virtually fully closed (pocket) and therefore
biomechanically neutral (Fig. 4).

Since the corneal flap, which was broadly detached
from the cornea, actually never heals, the remaining bio-
mechanically relevant corneal thickness d is far less than
the anatomical thickness and the cornea is weakened by the
thickness of the flap plus the ablated tissue in LASIK.??*

With CISIS, this is entirely different. Since the
lamellar cut in CISIS (pocket) is not widely opened, the
biomechanical properties are not compromised and the
biomechanically relevant corneal thickness is the same
as the anatomical thickness, as shown in Figure 5.2

From an anatomical and biomechanical viewpoint,
the corneal pocket in CISIS is therefore an ‘inversed’
flap, as shown in Figure 6. What in LASIK is the large
opening of the lamellar cut in the form of a flap that is
merely connected to the corneal tissue via a thin hinge,
which basically excludes the possibility of a transmis-
sion of forces between the anterior corneal lamella and
the remaining cornea, can be equated to a narrow open-
ing in CISIS, which provides access to the lamellar cut
(pocket) which is otherwise fully closed around the entire

Flap Ablated tissue

Fig. 4: Schematic representation of the corneal cross section
following LASIK. The dashed lines indicate the corneal flap, which
was broadly opened (vertical cut into the corneal surface), and
the tissue ablated by the excimer laser (black) (d-biomechanically
(remaining) relevant thicknes of the cornea)

LASIK CISIS

" Pocket

Tunnel

Fig. 6: Comparison of biomechanical properties of LASIK and
CISIS

circumference. Corneal intrastromal implantation system
therefore differs from LASIK in that the transmission of
forces between the anterior lamella and the remaining
cornea is unimpaired.”?

When some ophthalmologists erroneously equate the
biomechanical relevance of a flap in LASIK to that of a
corneal pocket in CISIS, their misconception is not of a
physical or medical nature but the result of insufficient
knowledge of the laws of biomechanics. The depth or
extension of a lamellar cut in the cornea is of no bio-
mechanical or clinical relevance, as long as it is generally
closed around the entire circumference and not in contact
with the corneal surface, as is the case with the corneal
pocket.”?> The transcorneal pressure resulting from the
difference between intraocular pressure and atmospheric
pressure is converted into a tension that acts parallel to
the cornea (Fig. 7).%* This is also the underlying reason
why the collagen fibers of the cornea are largely arranged
in orthogonal layers (lamellae): the tissue is optimally
adjusted to the distribution of forces.®?*

A circular tunnel as in ICRS is neither optically nor
biomechanically advantageous when compared to a
corneal pocket in CISIS.

Contrarily, the insertion of the ring segments into
the circular tunnel produces a biomechanical imbalance,
which is not only the cause for complications typically
associated with ICRS, such as extrusion and melting of
corneal tissue, but also the explanation why ring seg-
ments are less efficient than the MyoRing (Fig. 8).

Pocket Implant

A

b

Fig. 5: [The CISIS method creates a practically closed corneal
pocket (d-biomechanically (remaining) relevant thickness of the
cornea)]

Thickness (area)
/\
A Tension
(stress)

IOP

Stress = force (IOP) area (thickness)
tensile strength = maximum stress possible
Fig. 7: Distribution of forces within the cornea
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Pocket MyoRing Segments

Tunnel
pro. T~ T~
operatim

operative

Biomechanical
equilibrium

Non equilibrium constant
pressure on tissue

Fig. 8: Comparison of biomechanical conditions in CISIS
(MyoRing) and ICRS (ring segment) treatment

Since, the MyoRing is inserted into a virtually fully
closed corneal pocket of 9 mm in diameter, and the Myo-
Ring itself has a maximum diameter of 8 mm, the latter
can not cause a build-up of tissue pressure following
implantation. The deformation of the cornea around the
MyoRing takes place until the biomechanical equilibrium
of the cornea-MyoRing system is newly restored. Thisis in
contrast to ICRS, where the implantation of ring segments
into a circular tunnel leads to a local build-up of pressure
in the surrounding tissue, potentially resulting in pres-
sure atrophies and consequently in clinical symptoms
like extrusion and melting of corneal tissue located on
top of the implan’c.26 In keratoconus, this is all the more
significant as ring segments have typical endings, which
the MyoRing does not have. These endings are exposed
to additional forces, resulting from torque resistance
produced by the irregular geometry of the cornea, and
which are transmitted to the anterior corneal lamella.
This further enhances the risk of melting of corneal tis-
sue induced by pressure atrophy. Complications, such as
implant extrusion and melting of corneal tissue, which
are typical symptoms in ICRS, are practically non-existent
in MyoRing implantation.”>?” This makes CISIS a much

safer keratoconus treatment method than ICRS, and also
much more efficient in all stages of the disease.?>*" !

Another important factor for the much higher efficacy
of CISIS over ICRS is that the MyoRing can be centered
by using the true postoperative optical axis, which allows
the surgeon to use all three potential degrees of freedom
(diameter, thickness and position of implant) to achieve
an optimal result, whereas in ICRS he has only one degree
of freedom (implant thickness) available for an optimised
outcome.?® Therefore, CISIS always allows to achieve the
best result in every given case. In the case of keratoconus,
with its corneal irregularity, the individual patient can
determine the optical axis (the ‘point of vision” through
the cornea), i.e. the fixation, so as to achieve the best pos-
sible vision. If the corneal geometry changes, the optical
axis and the optimal point of fixation also changes. In
ICRS implantation, the position of the ring segments is
determined by using the preoperative geometry of the
cornea as a reference; the circular tunnel is adequately
positioned to correspond to the preoperative fixation.
The position of the ring segments is then determined by
the position of the circular tunnel. By inserting the ring
segments into the circular tunnel, however, the corneal
geometry, the fixation and the optimal point of vision
through the cornea change. There is neither a theoretical
nor a practical possibility to assess the situation after the
surgical intervention preoperatively. Yet it is of crucial
importance for the outcome as well as for the visual acuity
to be achieved that the implants are optimally positioned
to suit real postoperative conditions. When the centering
is optimised by merely 0.5 mm, this may lead to signi-
ficant improvements in vision (Fig. 9).%°

The drawback of ICRS is that the postoperative
position of the implants is bound by the preoperative

Keratoconus

Preoperative

Implantation

1st postoperative

2nd postoperative
Shifting 0.5 mm

UCVA=0.1
BCVA=0.3
K1 =536, K2=49.6

UCVA=0.3
BCVA=0.3
K1=40.9, K2 =491

UCVA=0.6
BCVA=0.7
K1=237.9 K2=425

Fig. 9: Optimizing the position by merely 0.5 mm may lead to a significantly improved outcome
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conditions, which implies that an optimized vision for
the individual patient can not possibly be achieved. With
the MyoRing implantation, this is entirely different.
The MyoRing (diameter: 5-8 mm) is implanted into a
corneal pocket (diameter: 9 mm), where it can be opti-
mally positioned within the corneal pocket during the
implantation process by adequate forceps to match the
true postoperative optical axis and fixation. The more
advanced the keratoconus to be treated the smaller the
implant diameter and the more important is the right
and optimized position. The patient fixates on a specific
fixation point by the use of a suitable surgical microscope,
and the surgeon shifts the implant accordingly to assure
that the position of the MyoRing inside the cornea is opti-
mized to match the patient’s true postoperative fixation
and the exact point of vision through the cornea. This
optimization process can be performed at the onset of
treatment or at any other point of time after the interven-
tion, because the corneal pocket can be easily opened to
allow access to the implant and optimize its position any-
time.” The type of keratoconus—centrally or decentrally
located keratoconus—does not matter.*? The reason is the
mechanism of action, in which CISIS differs considerably
from ICRS. Physically, CISIS draws on the mathematical
branch of topology, according to which any point on a
‘soft surface’ that is tightened to a closed rigid structure
is determined by the circumferential shape of the rigid
structure.’>® The drum is a good example: if we tighten
the soft drum surface (skin) to the edge of a pipe-shaped
structure, we get a drum. Each point of the drum surface
is determined by the geometry of the pipe end to which
the drum surface is fastened. If the pipe end is smooth
and aligned perpendicular to the pipe axis, we get an
optimally flat and regular drum surface. The cornea and
the MyoRing behave analogously. Hence, a closed rigid
ring with a consistent thickness around its circumference
is perfectly suited to regularize the cornea in its optical
center. Figure 10 shows that in CISIS the surgeon needs
to know nothing about the type of keratoconus. It is basi-
cally unimportant how the cornea was warped prior to
the surgical intervention; the even ring is forced onto the
cornea and regularizes the latter.*

This is not the case with the ring segments, which are
not closed and more or less ‘float’ inside the cornea. This is
why they only serve to balance out local inhomogeneities
and have complicated nomograms to take account of as
many corneal geometries as possible.

What has been said so far highlights the main
aspects of visual rehabilitation in keratoconus patients.
But we also need to look at the second property of the
disease, which is its progression. Some progress has been
achieved in recent years by a new method called corneal
cross-linking (CXL), which helps to preserve the patient’s

Irregular Cornea

Regular l

MyoRing

Regular /() ()\ Postoperative

Fig. 10: Topological mechanism of action of the MyoRing

visual acuity in the early stages of keratoconus.**** This
method consists in removing the corneal epithelium, thus
exposing the Bowman'’s layer, and applying riboflavin
drops to the eye for half an hour. The cornea, which is
now saturated with riboflavin, is subjected to UV-A light
with a dose parameter of 5,4 J/cm? Since the corneal
epithelium is removed, this treatment may cause the
patient considerable pain for up to 3 days following the
intervention. Another option is to combine ICRS and CXL
in the treatment of keratoconus.*® Corneal intrastromal
implantation system may be combined with CXL, too;
but because of the corneal pocket, rather than apply-
ing riboflavin drops to the cornea now deprived of its
epithelium as in classical CXL, riboflavin can be flushed
into the corneal pocket instead.””?® This allows to effec-
tively perform MyoRing implantation and CXL without
epithelial debridement during one single session while
avoiding postoperative pain. Long-term observations
seem to indicate that after MyoRing implantation, even
when not combined with CXL, there is no progression of
the disease. Many cases even report an increase in corneal
thickness after the intervention.””**’ As biomechanical
analyses demonstrate, this has something to do with the
special closed ring structure of the MyoRing.*! The col-
lagen lamellae of the cornea are orthogonally arranged
toward the peripheral cornea® and change their direc-
tion into a circular pattern at the corneal limbus.** This
endows the limbus with a much higher elastic modulus
and a higher biomechanical strength than the central cor-
nea.?*** From a biomechanical perspective, an implanted
MyoRing acts like a second limbus within the cornea,
dividing the forces that act on the cornea into two areas,*!
similar to a beam that supports the ceiling of a residential
unit. The beam also distributes the load imposed on the
ceiling onto two areas, basically splitting the load per area
in half. A half-beam or an incomplete beam is, of course,
unable to distribute this load. This may be compared to
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the ring segments, which cannot halt the progression of
the disease.***** The force needed to separate the seg-
ments or separate the ends of incomplete rings is close to
nil, while the high elastic modulus of the MyoRing mate-
rial—due to the closed structure—can be fully utilised
to achieve biomechanical strength. A MyoRing implant
can therefore increase the strength of a cornea, depend-
ing on its size, by a factor of 2 to 3, which means that a
cornea with an anatomical thickness of 400 pm displays
the biomechanical properties of a cornea that is between
800 and 1200 um thick.***! 1t is therefore possible, even
in suspicious cases of myopia where laser treatment for
vision correction is not an option, to combine MyoRing
implantation with laser therapy to maximally extend the
optical zone.*®
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