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Foreword

With the new imaging modalities, keratoconus is being diagnosed more frequently
at earlier stages than in the past; it is clear now that the incidence and prevalence of
keratoconus, may have been underestimated.

There have been reports of this disorder since more than a century, but until 1986
the only possible treatment was contact lenses and in advanced cases, corneal
transplantation.

Since then, a huge advance in technological developments has been intro-
duced and a number of treatment options are in our hands. These advances and
treatment modalities range from: corneal ring segments to flatten the anterior 5.0
or 6.0 mm central corneal radius, corneal collagen cross-linking to arrest the
progression of the disorder, phakic lenses, and corneal refractive surgery to
improve visual acuity as well as also a combination of these procedures. Corneal
grafts are the last resource, Pre-Descemet lamellar grafts being the first option
nowadays.

This book contains the knowledge and experience of a group of important people
who have done scientific research in the field of keratoconus, have developed the
diagnostic tools that have improved its early detection, and have developed and
perfected the treatment modalities that we have in our arsenal today.

César Carriazo and Maria José Cosentino, creative ophthalmic surgeons and edi-
tors of this book, are presenting to us a new surgical technique for keratoconus
treatment, founded on ideas and experiences of their professors, but with a different
reasoning. After deep biomechanical, histopathological, and computer simulation
studies and with the precision of actual laser technologies, are presenting a different
approach to reconstruct the shape of the anterior corneal surface in keratoconus.

As Drs. Carriazo and Cosentino suggest in this book, until another valid alterna-
tive appears in the near future, we can count on the corneal remodeling technique as
an efficient tool for the refractive treatment of keratoconus. This implies being in
front of a therapeutic aid with a high impact on global public health.



vi Foreword

The technique is under development, and there are many questions that are yet to
be resolved. There will be controversies, but as Szent Gyorgyi said, “Discovery
must be, by definition, at variance with existing knowledge.”

Carmen Barraquer Coll
Instituto Barraquer de América
Bogotd, Colombia



Preface

Eighteen months ago, while we were at a symposium on keratoconus, the seed of
this book emerged. We realized two important things: the first referred to how far
the diagnostic and therapeutic management of this pathology had advanced; the
second was related to a critical view of certain therapeutic alternatives. In the lec-
tures or courses that we give, it is common to hear us say that doctors must make
analysis of the medical tools they have as objective as possible.

Performing a procedure because everyone does it, or because it is the only alter-
native, can get us into a false situation, without the ability to discern what is best for
our patients.

A few years ago, the predictability we obtained with keratoconus treatments was
so poor that we used the word “orthopedic” when referring to them, so as not to
compromise with the patient’s refractive result. Today, the therapeutic resource that
we have allows us to offer our patients a refractive visual prognosis, never the same
as those obtained in healthy patients, but with the peace of mind of improving
vision with a high degree of satisfaction in its result, both in quantity and visual
quality.

The decision to make this book implied the elaboration of an updated scientific
material, written by distinguished collaborators from a wide variety of countries and
outstanding worldwide participation, true references that we chose for their indis-
putable merits.

The result of more than a year of painstaking work is compiled in this book,
which aims to direct our gaze — if the phrase fits! — specifically towards those cur-
rent tools with which we have to diagnose and treat keratoconus. This means that we
have focused only on those elements that currently coexist in our practice and that
will definitely have a space in the future — at least immediate — of anterior segment
ophthalmology.

We have also given an important space to videos that allow us to dynamically
illustrate the contents of each chapter.

We would truly like to thank the main support of our family who resign them-
selves to spend their time with us, understanding our passion for knowledge, scien-
tific development and innovations. Likewise, we appreciate the collaboration of all

vii



viii Preface

participating authors and colleagues who encouraged us in entrepreneurship. We
believe that we have met the proposed challenge: a very specific compilation aimed
at updating the knowledge about an entity that definitely has a space of impact on
global public health.

Barranquilla, Colombia César Carriazo
Buenos Aires, Argentina Maria José Cosentino
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Panorama of the Treatment
of Keratoconus in 2020

César Carriazo and Maria José Cosentino

Keratoconus has always been a challenge both in its early diagnosis and integral
treatment. When we began this book project, we considered making an updated
panorama of the diagnosis and treatment of the keratoconus. We believe the kerato-
conus has been and still remains one of the pathologies whose treatment has been
benefited most over the last two decades.

Beginning with the diagnosis, we have made greater in the early detection helped
by the new keratoconus indices, among which we can highlight Belin-Ambrosio
ones. We have been also helped by the improvement and new technologies which
have contributed to the early detection of such disease. In this book, we have
included a handful of chapters related to the diagnosis of keratoconus. Looking
forward, we believe the gene therapy will not only be the future but it will intervene
in the diagnosis and treatment of the disease as well [1, 2].

There is no doubt the corneal crosslinking becomes an important procedure
when it comes to both stopping the progression of the novo keratoconus and being
used in personalized refractive treatments in an adjunct way (Fig. 1). As a results,
having a more stable cornea by using crosslinking has allowed us to correct these
patients in a refractive way to improve their visual quality, and in most cases, we
obtained the non-use of contact lenses or glasses. We have been given the opportu-
nity to fine-tune the target of the treatments to be able to correct refractive defects [3].

It is important to consider the inflammatory component as the essential basis for
the keratoconus. This has opened a wide range of possibilities of understanding its
clinical ongoing process and performing different, anticipatory and more appropri-
ate treatments avoiding advanced stages of the disease. Patients with advanced
stages prevent us from using more rigid chances aimed at therapeutic strategies, and
as a consequence, we are only able to perform a keratoplasty.

C. Carriazo
Clinica Carriazo, Universidad del Norte, Barranquilla, Colombia

M. J. Cosentino (<)
Instituto de la Vision, Universidad de Buenos Aires, Buenos Aires, Argentina
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Fig.1 Corneal
crosslinking

Fig. 2 Intracorneal rings

The intracorneal ring implantation has also been an alternative to correct irregu-
lar astigmatism, which is an unfortunate characteristic of the keratoconus (Fig. 2)
[4, 5]. Likewise, we found the great alternative to compensate the ametropia of this
type of patients either in a refractive way by means of phakic lens implantation or
with the use of excimer laser by performing a photorefractive surgery. In chapters 7
and 8, the obtained results and our remarks on the best indications are shown. The
use of excimer laser in patients with keratoconus is limited to a very specific seg-
ment of patients, and unfortunately the use of such laser cannot be broadly applied
because it works in the corneal plane, which is the visibly affected tissue in the kera-
toconus [6, 7]. However, the phakic lens implantation allows correcting high ame-
tropies, which often occur in patients with keratoconus, with really promising
results (Fig. 3) [8, 9, 10]. Once these chapters have been read, we have no doubts
that our readers will find the necessary grounds to count on both tools to correct
these patients in a refractive way.
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Fig. 3 Posterior chamber
phakic intraocular lens

In the treatment options, we will observe that each treatment has a different bio-
mechanical behaviour. The corneal flattening of crosslinking is due to the contrac-
tion of the stromal lamellae. This allows the stroma to become more rigid, and in
many cases, a slight flattening is produced. The corneal flattening obtained after
corneal crosslinking is due to the contractions of the stromal lamellae.

When we talk about corneal refractive correction, especially with laser, its bio-
mechanical behaviour obeys Dr. José Ignacio Barraquer’s law of thickness, which
tells us: “If we remove tissue in the periphery or add it in the centre, we bend the
cornea” and, on the contrary, “If we remove tissue in the centre or add it in the
periphery, we flatten the cornea”. This is a way of “carving or sculpting” the anterior
structure of the cornea.

However, Barraquer’s studies and findings were based on healthy corneas which
he planned to modify its anterior face in order to be refractive. Therefore, this thick-
ness law does not apply to all keratoconus corneas. Unstable and/or weak corneas
do not obey this law. What must be done? How do we calculate? How do we predict
their behaviour? [11].

Such is the case of corneal rings, which do not respond in essence to Dr.
Barraquer’s law. In the case of intracorneal ring implantation, there is no corneal
carving. In these cases, the cornea is not carved, the intracorneal rings produce a
“tension” generated in the posterior stroma and a consequent flattening in the ante-
rior layers of the cornea.

A great panorama is opened with the new therapeutic alternatives to treat kerato-
conus. We can say that they are not palliative and compensatory; they are more radi-
cal, if the term is allowed. This type of treatment, unimaginable at the end of the
twentieth century, contributes to creating a cornea with coefficients closer to normal
tissue. Stromal regeneration therapy has shown very good results in that way too,
and we believe it will be a solid treatment alternative, which will be consolidated in
the near future. This is expressed in one of our chapters [12, 13].
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Fig.4 Corneal remodelling

Talking about keratoconus without mentioning the concepts of corneal biome-
chanics is impossible. We address new concepts on this topic that will allow us to
lead the analysis from a new approach. We would like to specially highlight a new
surgical alternative to treat corneal ectasia, which we have called “corneal remodel-
ling” (Fig. 4) [14, 15]. This technique is a new concept that moves away from the
conceptual bases of “laminar contraction”, observed in corneal crosslinking; it also
differs from the one observed in the Thickness Law, “carved or sculpted” and it is
also far from the concept of “tense deformation”, presented in intracorneal rings.
Since resistance is the keyword suffered by corneas with keratoconus, with this new
concept, we introduce ourselves into the generation of a new limbo, resistant, which
generates a physiological corneal profile. This new concept is based on “corneal
stretching”, which is the essence of the procedure. The results observed encourage
us to think that it becomes a valid alternative procedure between the tools of the
present and the future, at least until other superior technologies appear. This new
therapeutic instrument is efficient in the optical and refractive management of kera-
toconus. One of its great advantages is the wide and clear optical zone, which allows
optical aberrations to be modified and aims at the recovery of visual quality.

We have not included in the content of the book the alternative of performing
keratoplasty, as it is our goal to give a great panorama of the immediate future that
is foreseen regarding the most effective treatments for corneas with keratoconus.
We believe that well-understood medicine is more corrective and less palliative.

To conclude this brief introduction, we should not take each technique as an
isolated or separate treatment entity, but rather as a combinable and elastic whole,
capable of being coupled in one or several procedures. One, two or more of these
alternatives may be indicated simultaneously or in a deferred form. In our experi-
ence, the result of the combination of therapies is usually very positive not only in
the optical and biostructural treatment of keratoconus but also in the refractive
improvement of our patients.



