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Capitulo 0: ORGANIZACION DE LA TESIS

Organizacion

de la tesis

Esta memoria de tesis doctoral se presenta en la modalidad de compendio
de publicaciones y opta a la Mencion Internacional en el titulo de Doctor.
Por lo tanto, su organizacion se ajusta a lo requerido por el reglamento
aprobado por el Consejo de Gobierno de la Universidad de Valladolid,
incluyendo una sintesis general, tanto en castellano como en inglés, donde
se justifica la relacion tematica del trabajo de investigacién y se presentan
los objetivos alcanzados, la metodologia empleada, los resultados y la
discusiéon global del trabajo, seguida de un cuerpo formado por los
distintos articulos a los que ha dado lugar y finamente las conclusiones
extraidas. Ademas, cumpliendo la citada normativa, se aporta el certificado
de la estancia internacional de tres meses de duracién realizada en la

School of Health Professions de la Universidad de Plymouth (Reino Unido).

Esta memoria de tesis incluye ocho articulos que han sido publicados o
aceptados en revistas cientificas indexadas en el Journal Citation Reports
con indice de impacto (Capitulos 3, 4.1, 4.2, 4.3, 5.1, 5.2, 53 y 6.1), asi
como el borrador de dos articulos que se encuentran en fase de revisién
(Capitulos 5.4y 6.2) y finalmente el Capitulo 7 presenta resultados que se
prevé sean publicados igualmente en un futuro. Adicionalmente se han
incluido otros dos articulos de revisién que han sido publicados en revistas

no indexadas (Capitulos 4.4y 5.5).
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La memoria de esta tesis doctoral se ha estructurado en un total de 10
capitulos (Figura 0). Los Capitulos 1 y 2 estdan compuestos por la sintesis
general de la tesis tanto en castellano como en inglés respectivamente.
Cada capitulo incluye ademas una secciéon, a modo de introduccién
general, dedicada al estado actual de la deteccion y manejo de los

pacientes con queratocono.

Tras la sintesis general, los Capitulos 3, 4, 5 y 6 presentan de forma
agrupada en funcién de su tematica los doce articulos a los que la tesis ha
dado lugar, indicando los ya publicados o los que se encuentran en fase de
revision y en ultimo lugar el Capitulo 7 que sera preparado en breve. Este
orden de presentacion persigue facilitar la comprension del trabajo
realizado en esta tesis doctoral que aborda la adaptacion de lentes de
contacto rigidas permeable al gas (LC RPG) de disefio corneal en pacientes
con queratocono. Para facilitar al lector la informacién presentada en esta

tesis se presenta una sintesis del contenido de cada uno de estos capitulos:

e El Capitulo 3 esta formado por un unico articulo (Ortiz-Toquero, et al.
The influence of the refractive correction on the vision-related quality
of life in keratoconus patients. Qual Life Res; 2016) en el que se
demuestra el impacto que tiene la correccién éptica (uso de gafas o el
porte de LC) en la calidad de vida de los pacientes con queratocono

comparandolo con un grupo control de sujetos sanos.

e El Capitulo 4, estd formado por cuatro subcapitulos (4.1, 4.2, 4.3 y 4.4),
que analizan el estado actual del proceso de adaptacion de LC RPG en
pacientes con queratocono. El Capitulo 4.1 (Ortiz-Toquero, et al.
Success of rigid gas permeable contact lens fitting. Eye & Contact Lens;

2016) determina la tasa de éxito en la adaptacion de LCRPG, tanto en
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Figura 0. Esquema de la organizacién de la presente memoria de tesis doctoral.

sujetos sanos, como en pacientes con irregularidades corneales, como
el queratocono. Ademas, en este articulo se define un proceso de
adaptacién de LC RPG basado en la evidencia en un minimo de tres
visitas. El Capitulo 4.2 (Ortiz-Toquero, et al. Rigid gas permeable

contact lens fitting using new software in keratoconic eyes. Optom Vis
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Sci; 2016) analiza la precision y fiabilidad de un software de simulacion
de la adaptacién de LC RPG actualmente comercializado. El Capitulo
4.3 (Ortiz-Toquero, et al. Current optometric practices and attitudes in
keratoconus patient management. Cont Lens Anterior Eye; 2017)
presenta los resultados del proyecto desarrollado durante la estancia
realizada en la Universidad de Plymouth, analizando y comparando el
manejo optométrico de los pacientes con queratocono en Reino Unido
y en Espafa, empleando una encuesta online distribuida entre los
profesionales de ambos paises. Por ultimo, el Capitulo 4.4 (Ortiz-
Toquero, et al. Fitting gas permeable contact lens in keratoconus, still a
challenge? Ophthalmol Open J; 2016) presenta una editorial invitada

sobre la dificultad de adaptar LC RPG en pacientes con queratocono.

e El Capitulo 5, esta constituido por cinco subcapitulos (5.1,5.2,5.3,5.4y
5.5) con el objetivo global de analizar la fiabilidad de la topografia
corneal en pacientes con queratocono y su utilidad en el proceso de
adaptacion de LC RPG. El Capitulo 5.1 (Ortiz-Toquero, et al.
Repeatability of Placido-based corneal topography in keratoconus.
Optom Vis Sci; 2014) determina la repetibilidad de la topografia de
discos de Placido en ojos con queratocono, imprescindible para
interpretar estos resultados en la practica clinica. El Capitulo 5.2 (Ortiz-
Toquero, et al. Repeatability of wavefront aberration measurements
with a Placido-Based topographer in normal and keratoconic eyes. J
Refract Surg; 2016) determina la repetibilidad de la medida de las
aberraciones corneales obtenida mediante topografia de discos de
Placido en ojos con queratocono. El Capitulo 5.3 (Ortiz-Toquero, et al.
Agreement of corneal measurements between dual rotation

Scheimpflug-Placido system and Placido-based topography device in

10
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normal and keratoconus eyes. J Cataract Refract Surg; 2016) demuestra
las limitaciones a la hora de emplear diferentes tecnologias (discos de
Placido y la topografia de Placido-Scheimpflug) en la exploracion de la
topografia corneal en ojos con queratocono y sujetos sanos, de cara a
determinar si ambas tecnologias son o no intercambiables en estos
casos. El Capitulo 5.4 (Ortiz-Toquero, et al. The usefulness of the
anterior coma aberration in keratoconus severity classification. Cont
Lens Anterior Eye; en 12 revisidn) propone una nueva clasificacion
utilizando los valores de coma corneal de la cara anterior para mejorar
la actual clasificacion de Amsler-Krumeich y ayudar a los profesionales
en el seguimiento de esta enfermedad. Por ultimo el Capitulo 5.5
(Ortiz-Toquero, et al. Keratoconus screening in primary eye care — A
general overview. European Ophthalmic Review; 2016) presenta una
revisidon bibliografica sobre la utilidad de la topografia corneal en
atencidon primaria para la deteccidon y manejo del paciente con

queratocono.

El Capitulo 6 presenta el desarrollo y validacion clinica de un nuevo
algoritmo para adaptar LC RPG en ojos con queratocono en dos
subcapitulos (6.1 y 6.2). El Capitulo 6.1 (Ortiz-Toquero, et al. New web-
based algorithm to improve rigid GP CL fitting in keratoconus. Cont
Lens Anterior Eye; 2017) aborda el desarrollo y validacion de un nuevo
algoritmo para la seleccién de los parametros de las LC RPG en
queratocono que ha sido integramente desarrollado en esta tesis
doctoral (disponible en www.calculens.com) y que permite simplificar
el proceso de adaptacién de LC RPG corneales en queratocono. En el
Capitulo 6.2 (Ortiz-Toquero, et al. GP CL fitting in keratoconus:

comparison of different guidelines to BOZR calculation. Cont Lens

11



TESIS DOCTORAL: “Guia clinica para la adaptacion de LC RPG en queratocono”

Anterior Eye; en 12 revision) se demuestra que el algoritmo
desarrollado (calculens.com) en esta tesis doctoral mejora la propuesta
de cadlculo del radio base de la primera lente de prueba, empleando
nueve guias y/o recomendaciones propuestas en la literatura o por los
fabricantes, al encontrar la menor diferencia con el radio finalmente
adaptado y mayor tasa de acierto (diferencia menor de 0,05 mm entre

el radio propuesto y el finalmente adaptado).

e El Capitulo 7 aglutina en una Guia Clinica de adaptacion de LC RPG
corneales todo el conocimiento generado durante el desarrollo de esta
tesis doctoral. Esta Guia Clinica ha sido desarrollada y evaluada
externamente siguiendo las directrices y recomendaciones del
instrumento AGREE Il que determina los estandares que debe tener
cualquier guia de practica clinica y a tenor de los resultados
encontrados se propone someter este trabajo para su publicacién en

una revista de impacto.

Finalmente, se ha decidido incluir una serie de capitulos finales que toda
tesis doctoral debe contemplar de alguna u otra manera. Asi, el Capitulo 8
describe las principales limitaciones que a juicio de la doctoranda presenta
esta tesis doctoral, asi como las perspectivas de futuros proyectos de
investigacion que se plantean con algunos interrogantes, bien no resueltos
por esta tesis o bien que se plantean a partir de este trabajo.
Seguidamente, se ha considerado oportuno presentar las conclusiones
finales de la tesis en el Capitulo 9 y finalmente, el Capitulo 10 que incluye
las referencias bibliograficas empleadas para la escritura de la presente

memoria de tesis doctoral.

12
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Organization of the

Doctoral Thesis

This Doctoral Thesis report is presented as a “compendium of publications”
and applies for the International-awarded Doctorate Degree. It has been
organized under the regulations of the International Doctorate Committee
of the University of Valladolid. This memory includes a general summary in
both English and Spanish, in which the thematic unit of the work is
justified, including the objectives, methodology, results, general
discussion, and conclusions. Later, a body formed by the scientific articles
are included. This memory also provides a certificate of stay of three
months length at the School of Health Professions of the Plymouth
University (UK).

Eight articles published or accepted in scientific journals with an impact
factor are included (Chapters 3, 4.1, 4.2, 4.3, 5.1, 5.2, 5.3 and 6.1).
Furthermore, two additional articles under revision (Chapters 5.4 and 6.2)
and one in preparation which expected are also published in a future
(Chapter 7) have been also included. In addition, two review articles have
been included that have been published in non-indexed journals

(Chapters 4.4 and 5.5).

This report is organized in ten chapters (Figure 0). Chapters 1 and 2 are
composed of the general summary of the Doctoral Thesis in both Spanish

and English respectively. Each chapter also includes a section, as a general

13
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introduction, dedicated to the current state of art of detection and

management of patients with keratoconus.

Following the summary, the Chapters 3, 4, 5 and 6 corresponding to the

articles (published or submitted awaiting decision) that reflect different

blocks of studies and the Chapter 7 will be prepared shortly, are included.

This order of presentation aims to facilitate the understanding of the

Doctoral Thesis that addresses the development of a Clinical Practice

Guidelines to fit corneal gas permeable contact lenses (GP CLs) in

keratoconus.

Chapter 3 consists of a single article (Ortiz-Toquero, et al. The influence
of the refractive correction on the vision-related quality of life in
keratoconus patients. Qual Life Res; 2016) that demonstrates the
impact of optical correction (spectacles or CLs) on the quality of life of

keratoconic patients compared to a control group of healthy subjects.

Chapter 4 is composed of four sub-sections (4.1, 4.2, 4.3 and 4.4),
which analyzed the current state of GP CLs fitting process in
keratoconus. Chapter 4.1 (Ortiz-Toquero, et al. Success of rigid gas
permeable contact lens fitting. Eye & Contact Lens; 2016) assess the
percentage of successful GP CLs fit in healthy subjects and patients
with irregular cornea, such as, keratoconus. In addition, this article
defines an evidence-based fitting process based on a minimum of
three visits. Chapter 4.2 (Ortiz-Toquero, et al. Rigid gas permeable
contact lens fitting using new software in keratoconic eyes. Optom Vis
Sci; 2016) analyzes the accuracy and reliability of a simulation GP CL
software currently commercialized. Chapter 4.3 (Ortiz-Toquero, et al.

Current optometric practices and attitudes in keratoconus patient

14
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SUMMARY OF THE DOCTORAL THESIS (in Spanish language) 1
—

Results, Discussion, Conclusions

SUMMARY OF THE DOCTORAL THESIS
State of the art, Motivation, Hypotheses, Objectives, Methods,
—
1

o Ny m
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Figure 0. Organization of this Doctoral Thesis report.

management in Spain and UK. Cont Lens Anterior Eye; 2017) presents
the results of the project developed during the stay at the University of
Plymouth, comparing the optometric management of patients with
keratoconus in the UK and Spain, using an online survey distributed

among professionals from both countries. Finally, Chapter 4.4 (Ortiz-
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Toquero, et al. Fitting gas permeable contact lens in keratoconus, still a
challenge? Ophthalmol Open J; 2016) presents a guest editorial on the

challenge of GP CLs fittings in keratoconus.

e Chapter 5 is composed of five sub-sections (5.1, 5.2, 5.3, 5.4 and 5.5)
which overall objective is to analyze the reliability of corneal
topography in patients with keratoconus and its usefulness in the GP
CLs fitting process. Chapter 5.1 (Ortiz-Toquero, et al. Repeatability of
Placido-based corneal topography in keratoconus. Optom Vis Sci; 2014)
determines the repeatability of Placido-based disc topography in
keratoconic eyes, mandatory to introduce these results in clinical
practice. Chapter 5.2 (Ortiz-Toquero, et al. Repeatability of wavefront
aberration measurements with a Placido-Based topographer in normal
and keratoconic eyes. J Refract Surg; 2016) analyzes the repeatability of
the measurement of corneal aberrations obtained by Placido-based
disc topography in keratoconus. Chapter 5.3 (Ortiz-Toquero, et al.
Agreement of corneal measurements between dual rotation
Scheimpflug-Placido system and Placido-based topography device in
normal and keratoconus eyes. J Cataract Refract Surg; 2016)
demonstrates the limitations of using different technologies (Placido-
based and Scheimpflug-Placido topography) in the exploration of
corneal topography in keratoconus and healthy eyes, in order to
determine the interchangeability of these technologies in these cases.
Chapter 5.4 (Ortiz-Toquero, et al. The usefulness of the anterior coma
aberration in keratoconus severity classification. Cont Lens Anterior
Eye; 1t revision) proposes a new cut-off values using the coma of the
anterior corneal surface to improve the current classification of Amsler-

Krumeich and to help the professionals in the follow-up of this disease.

16
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Finally, Chapter 5.5 (Ortiz-Toquero, et al. Keratoconus screening in
primary eye care — A general overview. European Ophthalmic Review;
2016) presents a review on the usefulness of corneal topography in
primary care for the detection and management of keratoconic

patients.

Chapter 6 shows the development and validation of a new algorithm
to fit GP CLs in keratoconic eyes, which is composed by two sub-
sections (6.1 and 6.2). Chapter 6.1 (Ortiz-Toquero, et al. New web-
based algorithm to improve rigid GP CL fitting in keratoconus. Cont
Lens Anterior Eye; 2017) presents the new algorithm that allows
simplify the GP CLs fitting process. It has been fully development in this
Doctoral Thesis (available in www.calculens.com). Chapter 6.2 (Ortiz-
Toquero, et al. GP CL fitting in keratoconus: comparison of different
guidelines to BOZR calculation. Cont Lens Anterior Eye; 1°' revision)
demonstrates that the algorithm (calculens.com) improves the back
optic zone radius of GP CLs in keratoconus following other nine
guidelines and/or recommendations proposed in the literature or by

the manufacturers.

Chapter 7 brings together all the knowledge generated in this
Doctoral Thesis. This chapter presents an evidence-based Clinical
Practice Guidelines to fit corneal GP CLs in keratoconus eyes. This
Clinical Practice Guidelines has been developed and evaluated
externally following the recommendations of the AGREE Il instrument.
It is an appraisal tool and validated instrument to provide a framework

for assessing quality of clinical practice guideline.
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Finally, Chapter 8 (fully presented in Spanish language) describes the main
limitations of this doctoral thesis as well as the perspectives of future
research projects that arise with some questions not solved by this thesis
or that arise from this work. Next, it was considered opportune to present
the final conclusions of the Doctoral Thesis in Chapter 9 (in Spanish). At
last, Chapter 10 includes the references used for the writing of the present

Doctoral Thesis report.
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Abreviaturas

Analyzed area

AA Area analizada
ACP Potencia corneal media Average corneal power
AGREE Appraisal of Guidelines Research and Evaluation
ALK Queratoplastia lamelar anterior Anterior lamellar keratoplasty
ARC Radio de curvatura anterior Anterior radius of curvature
AV /VA Agudeza visual Visual acuity
BAD Belin/Ambrésio Display
BDVA Mejor agudeza visual en vision lejana Best distance visual acuity
BIAS Diseno de lente de contacto biasférica Contact lens bi-aspheric design
Ccl/Icc Coeficiente de correlacién intraclase Intraclass correlation coefficient
CcIMm Medida de irregularidad corneal Corneal irregularity measurement
CKI indice de queratocono central Center keratoconus index
CLEK Collaborative Longitudinal Evaluation of Keratoconus
CLMmI LeElredon et cpno Sl IESCE Cone location and magnitude index
magnitud
csl indice de centro-alrededor Centre surround index
cv Coeficiente de variacién Coefficient of variation
CXL Crosslinking Cross-linking
D Dioptria Dioptre
DALK Queratoplastia lamelar anterior profunda Deep anterior lamellar keratoplasty
DSI indice de sector diferente Different sector index
1Al indice de astigmatismo irregular Irregular astigmatism index
IC/Cl Intervalo de confianza Confidence intervale
ICRS Segmentos de anillos intraestromales Intracorneal ring segment
IHA indice de asimetria de altura Index of height asymmetry
IHD indice de descentracién de altura Index of height decentration
I-S Asimetria Inferior-Superior Inferior-Superior Value
ISV indice de variacién de la superficie Index of surface variance
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IVA

KAKC
KCl
Ki
KISA
KPI
KSI
KSS
LASIK
LC/CL
LIO /I10L
LH
Mm
MTK

NEI-VFQ-25

oCcT
oSl
PCA
PK
PLK
PRC
PRK
PTK
RMin
RMS
RPG / GP
SAl
SD
SimK
SRAX
SRI

pum

indice de asimetria vertical
Curvatura corneal
Diseno de lente para queratocono
indice de clasificaciéon de queratocono
indice de queratocono
indice de porcentaje de queratocono
indice de predicciéon de queratocono

indice de severidad de queratocono

Puntuacién de severidad del queratocono

Index of vertical asymmetry

Corneal curvature

Contact lens with design for keratoconus

Keratoconus classification index
Keratoconus index
Keratoconus percentage index
Keratoconus prediction index
Keratoconus severity index

Keratoconus Severity Score

Laser in situ keratomileusis

Lente de contacto
Lente intraocular
Lampara de hendidura
Milimetros

Queratometria torica media

Cuestionario de Funcionamiento Visual
del National Eye Institute

Tomografia de coherencia éptica
indice de sector opuesto
Agudeza corneal predictiva
Queratoplastia penetrante
Queratoplastia lamelar posterior
Radio de curvatura posterior
Queratectomia fotorrefractiva
Queratectomia fototerapéutica
Curvatura sagital minima
Valor cuadratico medio
Rigida permeable al gas
indice de asimetria de la superficie
Desviacion estandar
Queratometria simulada media
Inclinacién del eje radial mas curvado
indice de irreqularidad de la superficie

Micrémetros
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Contact lens
Intraocular lens
Slit-lamp
Millimetres

Mean toric keratometry

The National Eye Institute-Vision
Function Questionnaire

Optical coherence tomography
Opposite sector index
Predicted corneal acuity
Penetrating keratoplasty
Posterior lamellar keratoplasty
Posterior radius of curvature
Photorefractive keratectomy
Phototherapeutic keratectomy
Smallest sagittal curvature
Root Mean Square
Gas permeable
Surface asymmetry index
Standard deviation
Simulated keratometry
Skew of steepest radial axis
Surface regularity index

Micrometers
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Capitulo 1: SINTESIS GENERAL - Estado actual del tema

1.1. Estado actual

del tema

1.1.1. Definicion, evolucion y etiologia del queratocono

El queratocono (del griego képa-¢/-atog <<cdrnea>> y del latin con(um)
<<cono>>) es una enfermedad bilateral, aunque asimétrica, de la cérnea
que se caracteriza por presentar un adelgazamiento corneal progresivo no
inflamatorio con un aumento de curvatura, generando una ectasia o
protrusion.'® La curvatura excesiva y anormal de la cérnea induce miopia 'y
astigmatismo que a medida que la enfermedad progresa se va haciendo
cada vez mas irregular provocando una disminucion de la vision que no es

facil de corregir con lentes oftalmicas.'®

Se inicia generalmente en la adolescencia, y progresa lentamente hasta la
tercera o cuarta década de la vida, momento en el que suele estabilizarse,"
® aunque recientemente se ha descrito su progresion en pacientes
mayores de 30 afos.” Su prevalencia varia en funcién de los estudios,
aceptandose que se sitla entre 50 y 230 casos de cada 100.000 habitantes,
o dicho de otra manera una de cada 2000 personas,"” > 8 si bien, estudios

recientes elevan esta prevalencia hasta un caso por 375 habitantes.’

La etiologia del queratocono es desconocida aunque se acepta un origen
multifactorial, que combina factores genéticos, bioquimicos, biomecanicos

y ambientales.” * Los factores de riesgo para padecer queratocono son
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sindrome de Down, familiares con queratocono, alergias oculares, factores
étnicos (origen asidtico o ardbico), factores mecéanicos (como el frote
vigoroso de los ojos o pacientes con el sindrome del parpado flacido -
floppy eyelid syndrome-), atopia, desdérdenes del tejido conectivo
(sindrome de Marfan), sindrome de Ehlers-Danlos, o amaurosis congénita

de Leber.'3

1.1.2. Diagnéstico del queratocono

El diagndstico del queratocono se realiza fundamentalmente a partir de los
signos clinicos y topograficos caracteristicos de esta enfermedad (Tabla 1).
Destaca la disminucion de la agudeza visual que en estadios moderados
y/o avanzados no puede ser compensada con gafas, presencia de
astigmatismo irregular a favor de regla, reflejo “en tijeras” durante la
realizacién de la retinoscopia, presencia de miras queratométricas
irrequlares, patron topografico caracteristico (Figura 1), o hallazgos
mediante biomicroscopia de polo anterior (Figura 2), como depésitos de
hierro epiteliales (anillo de Fleischer), estrias estromales finas, verticales y
profundas (estrias de Vogt), nervios corneales prominentes, cicatrices
epiteliales y estromales, abombamiento del parpado inferior en la mirada
hacia abajo (signo de Munson), ademas de adelgazamiento estromal, o

hidrops corneal en estadios muy avanzados.'®
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Anterior Axial Curvature [D] n13375 | Figura 1. Patron topografico
de curvatura axial anterior

caracteristico de una cornea
con queratocono.

Figura 2. Signos clinicos en queratocono. A: Seccion oOptica de una cérnea con
queratocono; B: Estrias de Vogt; C: Anillo de Fleischer y nervios corneales; D: Signo
de Munson.
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Indicadores refractivos:

e Miopiay astigmatismo irregular (generalmente a favor de regla u oblicuo).
e Disminucién de agudeza visual con gafa tanto de lejos como de cerca.

e Cambios en el componente cilindrico (eje y potencia).

e Diplopia monocular e imagenes fantasma.

Signos en la retinoscopia, queratometria y oftalmoscopia:

e Reflejoirregular o en “tijeras” en la retinoscopia.
e Miras queratométricas distorsionadas.
e Visualizacion del cono en el reflejo rojo pupilar durante
la oftalmoscopia (signo de “gota de aceite” de Charleaux).

Signos en biomicroscopia de polo anterior:

Nervios corneales prominentes.

Estrias de Vogt.

Anillo de Fleischer.

Cicatrices corneales.

Adelgazamiento corneal.

Signo de Munson.

Hidrops corneal (en estados avanzados).

Signo de Rizzuti (brillo luminoso reflejado en la zona nasal
del limbo al iluminar temporalmente la cérnea).

Signos topograficos:'%'?

e Zonadelimitada con curvatura y potencia excesiva, rodeada

por zonas de potencia decreciente.

Patrén topografico en forma de pajarita.

Astigmatismo corneal >1,50 D.

Apex del cono situado en la zona media inferior (central, nasal o temporal).
Potencias corneales mayores de 47,2 D.

Asimetria de potencia corneal (en 3,0 mm de didmetro) inferior-superior > 1,4 D.
Angulo de torsién del patrén topografico del astigmatismo en pajarita > 20°.
Patrén de elevacion en la cara posterior (superior a 35 um).

Aumento en las aberraciones corneales topograficas (especialmente el coma).

Otros signos:'% 31>

e Espesor corneal central 494 um (queratocono central) 0 503 um (no central).
e Alteracion de la biomecanica corneal.
e Diferencias de paquimetria central entre ambos ojos >10 um.

Tabla 1. Signos clinicos y topograficos para la deteccién de queratocono.
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1.1.3. Topografia corneal

Aunque el diagnéstico clinico del queratocono en estadios moderados y/o
avanzados no es muy problematico debido al patrén topografico y a los
signos clinicos caracteristicos que presenta la enfermedad cuando
progresa (Tabla 1), su diagndstico en estadios iniciales puede ser
complicado. La deteccidon temprana y el diagndstico del queratocono
requieren un andlisis exhaustivo de la cornea, existiendo para ello
diferentes técnicas disponibles en la actualidad entre las que destaca la
topografia/tomografia corneal.'® '® La topografia corneal de reflexion es
una de las herramientas mas comunes y utilizadas en la practica clinica,
especialmente en atencién primaria, tanto en la deteccién como en el
manejo del queratocono. Esta técnica basada en el andlisis de laimagen de
varios discos de Placido reflejada en la cornea, permite detectar esta
enfermedad con el andlisis de la topografia de la cara anterior.'® 72 Sin
embargo, actualmente se considera que el analisis pormenorizado de la
superficie posterior de la cérnea, es necesario para completar el
diagnéstico de esta enfermedad, sobre todo en estadios iniciales."
Concretamente, la presencia de un patrén de elevacioén en la cara posterior
se ha propuesto como un signo importante de la enfermedad,
proponiéndose valores de sospecha elevaciones entre 29-35 um
(queratocono subclinico) o diagndsticos entre 35-51 um. Si bien, estos
valores pueden variar en funcién del equipo empleado en el andlisis de la

morfologia corneal posterior.'? 122>26

Entre los equipos que analizan la cara anterior y posterior corneal destacan

los tomdgrafos corneales (Scheimpflug o dispositivos mixtos de

27



TESIS DOCTORAL: “Guia clinica para la adaptacion de LC RPG en queratocono”

Scheimpflug-Placido)?° y los tomografos de coherencia optica de

segmento anterior (AS-OCT).3" 32

Recientemente se han propuesto dispositivos que analizan las
propiedades biomecanicas y morfoldgicas de la cérnea 33 si bien, existe
mucha controversia aun sobre los valores diagndsticos (cut-off)," aunque
algunos equipos como el Corvis, muestran altos valores de sensibilidad y

especificidad.?®

Por otra parte, el analisis de las aberraciones corneales también ha
demostrado ser una herramienta eficaz para detectar cérneas con
gueratocono, ya que se han reportado mayores valores de coma vertical
(<-0,116 um)*’ y de RMS coma-like (>1,50 um)*® en pacientes con

diagnéstico o sospecha de queratocono.’’*

También se han desarrollado varios indices topograficos para detectar la
presencia de irregularidades corneales intentando introducir objetividad
en el diagnéstico, deteccion y seguimiento del queratocono.? 10 16 4447
Dependiendo del andlisis topografico realizado se diferencian indices
individuales (Tabla 2) o indices multivariantes que combinan varios indices
individuales (Tabla 3). Sin embargo, estos indices presentan como principal
problema una alta dependencia del topdgrafo corneal o dispositivo para el
que se han desarrollado, y ademas, en numerosos casos utilizan un gran

numero de variables que dificultan su aplicacién en la practica clinica.'®
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Valor normal

central

SimK

SRAX

SAIl

SRI

CIM

MTK

CLMI

PCA®

SDSD

ACP

AA

Descripcion

Queratometria central'"*®

Media de la potencia corneal distribuida entre los anillos de
didmetro 2,3y 4 mm.

Queratometria simulada*®*

Media de las potencias corneales de los meridianos principales
(mas y menos potente; anillos de 3a 9 mm).

Asimetria Inferior-Superior'"*®

Diferencia de potencia entre cinco puntos del hemisferio
inferior y cinco puntos del hemisferio superior de la cérnea
separados 30 ° (anillo 3 mm).

Angulo de torsién (Skewed Radial Axes)*

Expresion numérica del astigmatismo irregular.

Indice de asimetria de la superficie***°

Valor medio de las diferencias de potencia entre puntos
espacialmente situados a 180° en 128 meridianos
equidistantes.

Indice de irregularidad de la superficie* '

Variacion de la potencia en 256 semimeridianos regularmente
espaciados en los 4,5 mm centrales.

Medida de irregularidad corneal'®*

Desviacién estandar entre la superficie corneal y la superficie
de referencia de mejor ajuste.

Queratometria térica media'® >

Elevacion corneal calculada mediante el mejor ajuste a una
superficie de referencia torica.

Localizacion del cono e indice de magnitud

(Cone location and magnitude index)*

Deteccién de la presencia de un patrén de queratocono
determinando la ubicacién y magnitud del cono.

Agudeza corneal predictiva'® >

Calidad 6ptica de la cérnea en los 3 mm centrales en escala
Snellen.

Desviacion estandar de la desviacion estandar del radio de
curvatura de cada anillo.?>#°

Potencia corneal media'®*

Valor de potencia promedio de varios puntos en la regién
central de la cérnea.

Area analizada'®

Valor del area corneal cubierta por los anillos de Placido que se
puede analizar.
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<1,4D

<20°

0,10a042D

<1,55D

0,03a0,68 um

43,1a459D

<45%
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indice Descripcién Valor normal

Indice de centro-alrededor'®*

s leeren,ua entre la media de potencia del are,a central (3 mm)y -0,2820,80 D
de un area anular de 3 mm alrededor del area central (3 a 6
mm).
Indice de sector diferente'®*

DSl Diferencia méaxima entre la potencia media corneal entre 8 0,21a3,51D
sectores que subtienden un dngulo de 45°.
Indice de sector opuesto'®

OSl  Diferencia maxima de potencia media entre dos sectores -0,55a2,09D
opuestos que subtienden un dngulo de 45°.
Indice de astigmatismo irreqular's*

1Al Variacion de potencia entre cada anillo a lo largo de un mismo  0,19a0,49D
meridiano.

Indice de variacién de la superficie'®*
ISV, ) . ) <37
Irregularidad de la curvatura de la superficie corneal anterior.

Indice de asimetria vertical'®*
IVA, . ) . . . <0,28
Asimetria entre la curvatura corneal superior e inferior.

Indice de queratocono'®*

Kly, Calculado a partir de otros indices topograficos (DSI, OSI, CSI, <1,07
SAl, 1Al, AA, SimK1 y SimK2).
Indice de queratocono central'®*

CKly <1,03
Calculado para detectar queratoconos centrales.

indice de asimetria de altura'®*

IHA,  Diferencia entre la elevacion media de la cérnea superior y e <19
inferior.

indice de descentracion de altura'®*

IHDy  Grado de descentracién vertical de los datos de elevacion <0,014
corneal.

. Curvatura sagital minima'**
Rminy, . >6,71 mm
Curvatura sagital menor en los 8 mm centrales.

Tabla 2. Algunos de los indices topograficos utilizados para la deteccion del queratocono.

*Topografos EyeVision PTopdgrafos Oculus (Pentacam; Keratograph; Easygraph)
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indice

KISA%

KPI

KCl1%

KSI

Rabinowitz
&
McDonell

Chastang®

PathFinder
Corneal
Analysis®

BAD lII

Descripcion

Combinacién 4 indices topograficos: potencia
corneal paracentral, asimetria inferior-superior,
astigmatismo corneal y SRAX.*

Keratoconus Prediction Index**’

Obtenido de 8 indices queratométricos (SimK1,
SimK2, OSI, CSI, DSI, SAl, 1Al y AA).

Keratoconus classification index (Klyce/Maeda)*’
Derivado de KPI y otros 4 indices topograficos (DSI,
OSI, CSI 'y SimK2) que proporciona la probabilidad
(en tanto por ciento) de tener queratocono.
Keratoconus severity index (Smolek/Klyce)*
Derivado de 10 indices topograficos diferentes.
Disefado para clasificar el grado de severidad del
gueratocono.

Combinaciéon de los indices topograficos I-S, K
central y diferencia de K central entre ambos 0jos.*

Arbol de decisién topografico que combina SDSD y
asfericidad.?>#°

Médulo topografico que combina varios indices
(CIM, MTK, factor de forma) para detectar
irregularidades corneales.'®>*

Belin/Ambrésio Enhanced Ectasia Display IIIF°
Modulo que analiza 9 indices distintos y proporciona
una evaluacion final global basado en el andlisis de
regresion de cada indice analizado.

Valor de corte
60%-100%
Sospecha
>100%
gueratocono

0,23

>0%

30%

I-S>1,4D
K>47,2D
Dif >1D

indices fuera de
valores normales

indices fuera de
valores normales

indices fuera de
valores normales

Tabla 3. Algunos de los principales indices multivariantes que combinan diversos
indices topograficos para la deteccién del queratocono y sus valores de corte para el

diagnéstico.

“Topografo EyeSys 2000 (EyeVision) "Topografo Atlas (Carl Zeiss) “Topdgrafo Pentacam

(Oculus)

1.1.4. Clasificacion y progresion del queratocono

La clasificacién del queratocono en diferentes estadios permite mejorar

tanto el diagnoéstico como la monitorizacién de la progresion de la

enfermedad. Sin embargo, no existe una clasificacion clinicamente

aceptada que permita a los profesionales distinguir claramente entre una
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cornea sana y una cornea afectada por queratocono (especialmente en las
primeras etapas de la enfermedad) o distinguir claramente entre sus
diferentes estadios, lo que seria de gran utilidad en el seguimiento clinico
tanto de los casos sospechosos (forma frustra) como en casos ya
diagnosticados." '® Generalmente, para la clasificacion del queratocono se
suelen emplear criterios que combinan datos clinicos tanto refractivos,

biomicroscépicos, paquimétricos como topograficos.

Clasicamente, la forma o localizacién del cono identificada mediante
topografia corneal se ha empleado para clasificar el queratocono en varias
categorias. En funciéon de la forma o localizacion del cono se pueden
diferenciar varias clasificaciones como: el tipo pezén o central (con
diametro del cono <5 mm), oval o temporal inferior (con didametro del
cono >5 mm) o global o tipo generalizado (cuando el cono comprende
mas del 75% de la cérnea).?® >®* También puede clasificarse como central o
paracentral,?® ¢ sin que estas clasificaciones parezcan tener un efecto
significativo en el proceso de adaptacién de un tipo u otro de lente de

contacto (LC) rigida permeable al gas (RPG).%°

Las clasificaciones mas aceptadas para gradar la severidad del
queratocono son la de Amsler-Krumeich (Tabla 4)°” *® modificada
posteriormente por Alié et al. introduciendo valores de aberraciones de
cara anterior®®* y las empleadas por el Collaborative Longitudinal
Evaluation of Keratoconus (CLEK) Study basadas en la queratometria
(incipiente <45 D, moderado 45-52 D, avanzado >52 D)*° o en varios

factores clinicos y topograficos (KSS: Keratoconus Severity Score; Tabla 5).>¢

Pero estas clasificaciones fueron propuestas hace bastante tiempo y no

incorporan informacién reciente y los avances tecnolégicos disponibles en
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la actualidad para la exploracidon de la cérnea, lo que hace necesario un
nuevo método o criterio de clasificacion.” '® Recientemente se ha
desarrollado una nueva escala para detectar y gradar la severidad vy
progresién del queratocono, denominada escala ABCD de Belin-Ambrosio
(“A” del inglés “anterior surface”; “B” de “back Surface”, “C" de “corneal
thickness” y “D” de “distance visual acuity”) implementandose Unicamente

en los nuevos equipos Pentacam (Tabla 6).5° ¢!

Encorvamiento periférico

Miopia y/o astigmatismo >5,00 D

Grado | Lectura queratométrica central <48,00 D

Estrias de Vogt, ausencia de cicatrices corneales
*Coma-Like RMS 1,50 a 2,50 um

Miopia y/o astigmatismo entre 5,00-8,00 D
Lectura queratométrica central <53.00 D
Grado Il Ausencia de cicatrices

Espesor corneal minimo =400 um
*Coma-Like RMS >2,50, <3,50 um

Miopia y/o astigmatismo entre 8,00-12,00 D
Lectura queratométrica central >53,00 D
Grado Il Ausencia de cicatrices

Espesor corneal minimo entre 200-400 um
*Coma-Like RMS >3,50, <4,50 um

Refracciéon no medible

Lectura queratométrica central >55,00 D
Grado IV Cicatrices corneales centrales

Espesor corneal minimo <200 um
*Coma-Like RMS >4,50 um

Tabla 4. Clasificacion de Amsler-Krumeich. *Modificacién introducida por Alié et al.*®
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No afectado — Topografia Normal

Ausencia de cicatrices corneales

0 | Sinsignos clinicos en la exploracién con lampara de hendidura (LH)
Patréon topografico axial normal

Potencia corneal media <47,75 D

RMS de alto orden <0,65

No afectado — Topografia atipica

Ausencia de cicatrices corneales

Sin presencia de signos clinicos en la exploracion con LH

Patron topografico axial atipico (patrén irregular, pajarita asimétrica superior,

- pajarita asimétrica inferior o region inferior de mayor curvatura, aunque no
mas de 3 D en relacion a la potencia corneal central media).
Potencia corneal media <48 D
RMS de alto orden <1 um
Topografia sospechosa
Ausencia de cicatrices corneales
Sin presencia de signos clinicos en la exploracion con LH
2 Patron topografico axial con drea aislada de mayor curvatura, patrén de

encorvamiento inferior o patréon de encorvamiento central
Adicionalmente:

- Potencia corneal media <49 D

- RMS de alto orden >1,00, <1,50 um

Queratocono - Leve
Ausencia de cicatrices corneales
Puede presentar signos clinicos en la exploraciéon con LH
3 | Patrén topogréfico axial tipico de queratocono
Adicionalmente:

- Potencia corneal media <52 D

- RMS de alto orden >1,50, <3,50 um

Queratocono - Moderado

Debe presentar signos clinicos en la exploraciéon con LH

Patrén topografico axial tipico de queratocono

4 | Adicionalmente:

- Potencia corneal media >52D, <56 D

- RMS de alto orden >3,50, <5,75 um

- Cicatrices corneales en estroma (< grado 3 en la escala CLEK)

Queratocono - Severo

Debe presentar signos clinicos en la exploraciéon con LH

Patréon topografico axial tipico de queratocono

5 | Adicionalmente:

- Potencia corneal media >56 D

- RMS de alto orden >5,75 um

- Cicatrices corneales en estroma (=grado 3,5 en la escala CLEK)

Tabla 5. Clasificacién propuesta por el estudio CLEK®® para diferenciar la severidad
del queratocono [Clasificacidon KSS (Keratoconus Severity Score)].
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A B (@ D
Criterios ARC PRC Paqmmetrla’en Cicatrices
el punto mas BDVA
ABCD (zona 3 mm) (zona 3 mm) corneales
delgado
>7,25 mm >5,90 mm >20/20
CEnm® (<46,5 D) (<57,25 D) =AU (=1,0)
>7,05 mm >5,70 mm <20/20
Grado 1 (<48 D) (<59,25 D) >450 um (<1.0) ,+, ++
>6,35 mm >5,15 mm <20/40
Grado 2 (<53 D) (<65,5 D) >400 um (<0,5) L+, ++
>6,15 mm >4,95 mm <20/100
Grado 3 (<55 D) (<68,5 D) >300 um (<0,2) L+, ++
<6,15 mm <4,95 mm <20/400
Grado 4 (>55 D) (>68,5 D) <300 um (<0,05) L+, ++

Tabla 6. Clasificacion ABCD. ARC=Radio de curvatura anterior en los 3mm centrados
sobre el punto con menor espesor corneal; PRC=Radio de curvatura posterior en los
3mm centrados sobre el punto con menor espesor corneal; BDVA=mejor agudeza
visual en vision lejana; Cicatrices: - ausencia; + presencia, pero se puede ver el iris a su
través; ++ presencia sin observacién de iris a su través.

Recientemente se han propuesto una serie de criterios para definir la
progresién clinica del queratocono que requiere que se cumplan, al

menos, dos de estos tres supuestos:'

a) aumento de la curvatura corneal anterior,
b) aumento de la curvatura corneal posterior, o

¢) aumento del adelgazamiento corneal.

Esto implica que la medida o deteccidn de la progresion de la enfermedad
depende directamente de la precision y fiabilidad del dispositivo o

dispositivos utilizados en la evaluacién de la cérnea del paciente.
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1.1.5. Manejo del queratocono

El manejo del paciente con queratocono puede realizarse con opciones
quirdrgicas y no quirdrgicas (Figura 3), siendo las opciones no quirdrgicas
la primera eleccién." > 8 En estadios precoces, se puede corregir el defecto
refractivo, generalmente miopia y/o astigmatismo, con gafas o con LC
blandas o hidrofilicas de disefios téricos* 2 o LC RPG con disefo
estandar.? ** ¢ Sin embargo, cuando el queratocono progresa, aumentan
las irreqgularidades corneales que inducen aberraciones de alto orden que
no pueden ser corregidas con lentes oftalmicas tradicionales,

disminuyendo la visién de los pacientes.> %%

Las LC RPG representan la primera y mejor opcion en el manejo de los
pacientes con queratocono,’ & 18 20. 62 6569 nhorque permiten reducir la
distorsion visual de origen corneal, debido a que la lagrima que queda
entre la LC RPG y la cara anterior de la cérnea permite una
“homogenizacion”, 6pticamente hablando, de la mayor parte de las
irreqularidades corneales inducidas por el queratocono, proporcionando
asi un dioptrio formado por la superficie anterior de la cérnea, la l[agrima y
la LC RPG que proporciona una superficie anterior dpticamente regular
que permite corregir la mayor parte de las aberraciones de alto orden’®7

mejorando la visidon en la mayoria de los casos.?% 6% 646

Cuando no se consigue una adaptacion adecuada de LC RPG corneal, bien
porque la enfermedad esté muy avanzada o porque el porte de LC RPG no
es satisfactorio, existen otras alternativas, como son la combinacién de
varias LC como ocurre con el piggy-back (adaptando una LC hidrofilica
sobre la que se adapta la LC RPG),”? o la adaptacién de disefios especificos

de LC® % entre los que destacan las lentes hibridas (LC con centro RPG y
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periferia hidrofilica),’* ”> o la adaptacion de LC RPG de mayor diametro. En
este Ultimo grupo en funcién de la zona de apoyo de la lente, se
distinguen las lentes corneo-esclerales o semiesclerales que reparten su
apoyo entre la cérneay la esclera (hasta 3 mm mayores que el diametro de
iris visible del paciente, generalmente entre 12,9-149 mm) o de apoyo
completo en la esclera, como son las lentes miniesclerales (entre 3-6 mm
mayores que el diametro de iris visible del paciente, generalmente entre
15-18 mm) o esclerales (mas de 6 mm mayores que el didmetro de iris

visible del paciente, generalmente entre 18,1-25 mm).’¢78

MANEJO DEL QUERATOCONO

[ A

NO QUIRURGICO QUIRURGICO

|  OBJETIVO | |  OBIETIVO |
|
I | I I
Redu‘cw Mejorar la Mejorar la IVIejor.ar a Reemplazar
frotamiento S e integridad g
vision vision la cérnea
ocular corneal
Met(:;;:(:on ’ Gafas | t:enttes ‘:e Lentes faquicas Crosslinking Queratoplastia
antialérgica | onTac ~ intraoculares ICRS lamelar
Lubricantes Hidrofilicas cas Queratoplastia Queratoplastia
oculares RPG PRK / PTK lamelar penetrante
Piggy Back
Esclerales
Hibridas

Figura 3. Opciones quirdrgicas y no quirurgicas en el manejo del paciente con

queratocono.

Ademas, se han propuesto diversas opciones quirdrgicas para manejar a
los pacientes con queratocono, con distintos objetivos, como puede ser
frenar la progresion de la enfermedad, mejorar la vision y/o mejorar la
integridad corneal cuando existe intolerancia al porte de las LC o la visién

es insatisfactoria (Figura 3, 4)." >3
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QUERATOCONO

| PROGRESIVO |

|

ESTABLE

Buena tolerancia
y vision con LC

Intolerancia
alComala
visién con LC

Buena tolerancia
y vision con LC

[

vision con LC

ntolerancia
aLC o mala

|

|

CXL + LC RGP / ?)((t: "f:: LCRGP / G:::e'r‘:‘;e: . Ga’:‘:‘(”o
Otras LCs Naie
CXL+LIO Otras LCs
ICRS Sin Con
PRK cicatlrices cicatlrices
LS . DAK | | Pk |
(0]

Figura 4. Manejo del paciente con queratocono en funciéon de la evolucién y/o
progresion de la enfermedad.’®

Cuando existe progresion de la enfermedad o se pretende evitar su
progresién, estd indicado realizar la técnica del crosslinking (CXL)," 7° que
consiste en aplicar radiacién ultravioleta en conjunciéon con riboflavina,
que actla sobre las fibras de coldgeno del estroma corneal” 7° para
aumentar la rigidez corneal y mejorar la estabilidad biomecanica corneal
con el objetivo de frenar el avance del queratocono.®’ EI CXL no esta
indicado en cérneas con espesores menores a 400 um,”® 8' siendo poco

frecuente su realizacién en pacientes mayores de 40 afos.'

La implantaciéon de anillos intraestromales (ICRS) en pacientes con
queratocono es controvertida' aceptandose cuando el paciente no alcanza
buena visién con LC o presenta intolerancia al porte de LC con la intencion
de mejorar su vision. Esta técnica consiste en insertar uno o dos anillos de
material sintético en el estroma corneal’ 8% siendo los disefios mas
utilizados Intacs (Addition technologies) y Kerarings (Mediphacos).t23 El
objetivo de esta técnica es regularizar la geometria corneal, disminuyendo

el astigmatismo irregular, para mejorar la visién y aumentar la tolerancia al
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porte de las LC.3># Se recomiendan para tratar casos leves y moderados de
gueratocono, ya que se requiere un espesor corneal minimo de 450 um en
la zona de la incisidén y ausencia de cicatrices corneales, especialmente en

la zona central > 88>

Sin embargo, existe una limitada evidencia cientifica que abale la eficacia
de estas técnicas (ICRS y CXL) por la falta de ensayos clinicos bien
disefiados (incluyendo enmascaramiento y randomizacion).® Ademas la
falta de acuerdo en la definicion de la severidad y progresién del
queratocono, también dificulta conocer la fiabilidad y seguridad de estas
técnicas, porque aunque la mayor parte de los estudios reportan como
variable de efectividad el cambio producido en la agudeza visual (AV), en
la topografia corneal, en las aberraciones de alto orden o en la refracciéon
(esfera y/o cilindro),® existe una falta de consenso en los criterios de éxito
que dificulta la comparacién de resultados y pueden cuestionar su eficacia,
al no compararse, por ejemplo con la AV obtenida con LC RPG. Ademas,
tras estos procedimientos, en una mayoria de los casos sigue siendo

necesaria la adaptacion de LC RPG para conseguir una buena vision.2

Otras técnicas propuestas para mejorar la visién en casos de intolerancia o
mala visiéon con LC, implican el uso de procedimientos ablativos, como el
LASIK® o la queratectomia fotorrefractiva (PRK) junto a CXL>? ® |a
queratectomia fototerapéutica (PTK) con laser excimer utilizada para
reqularizar la superficie corneal y eliminar opacidades,®® ®° o la insercién de
lentes intraoculares faquicas de camara anterior o posterior,®" %2 si bien son

poco frecuentes con un uso mucho mas limitado.'®

Finalmente, en estadios avanzados de la enfermedad en los que no se

consigue buena vision y/o tolerancia al uso de LC, estd indicado el
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trasplante de cérnea o queratoplastia. El término queratoplastia se refiere
a la sustitucion parcial o total de la cornea de un paciente por la obtenida
de un donante. Asi, se diferencian varias técnicas quirdrgicas, si bien no
todas estan indicadas en los pacientes con queratocono.” ** Por ejemplo, la
Queratoplastia Lamelar Anterior Superficial (ALK del inglés Anterior
Lamellar Keratoplasty) estd indicada en los trastornos corneales que
afectan a las 300 um superficiales de la cérnea y la Queratoplastia Lamelar
Posterior (PLK del inglés Posterior Lamellar Keratoplasty) esta indicada en
trastornos del estroma profundo, membrana de Descemet y endotelio, por
ejemplo, en distrofias endoteliales o lesiones iatrogénicas; por tanto estas
dos técnicas no estarian indicadas en pacientes con queratocono.’* Sin
embargo, la Queratoplastia Lamelar Anterior Profunda (DALK del inglés
Deep Anterior Lamellar Keratoplasty) esta indicada en pacientes con
queratocono que presenten cérneas transparentes sin compromiso en la
membrana de Descemet y endotelio, que se mantienen intactos,
reduciendo la posibilidad de rechazo, y como Jultima instancia, el
reemplazo de la cérnea en su totalidad mediante la Queratoplastia
Penetrante (PK del inglés Penetrating Keratoplasty) que estaria indicada en
los casos que se acompanen de disfuncién endotelial, cicatrices corneales
profundas o hidrops corneal."” > % Se estima que el 12% de los pacientes
con queratocono terminan siendo sometidos a una queratoplastia

penetrante.®

1.1.6. Uso de LC RPG en queratocono

El uso de LC RPG en queratocono supone la primera opciéon de manejo de
estos pacientes y su rehabilitacion visual." 8 18 62 6569 E| proceso de

adaptacién de LC RPG tiene como objetivo mejorar la visidon del paciente,
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con la maxima comodidad posible y respeto de la fisiologia ocular,®* * de
manera que se pueda evitar o retrasar la necesidad de recurrir a una
opcién quirdrgica.® ®* Encontrar los parametros adecuados de la LC RPG
que mejor se adapte a la forma de la cérnea es de gran importancia para
conseguir el éxito en la adaptacién.’” * En casos de adaptaciones en
queratocono, buscar el equilibrio entre vision, comodidad y respeto de la
fisiologia ocular hacen que en muchas ocasiones este tipo de adaptaciones
sean consideradas por los profesionales como un reto o desafio, que
requiere mas lentes de prueba y mas visitas del paciente para conseguir
una adaptacion éptima que las necesarias en una adaptacién de LC RPG

esténdar 17,18, 20, 21, 62, 65, 67

Clasicamente, se han descrito tres diferentes filosofias de adaptacion® de
LC RPG corneales en queratocono: levantamiento apical, toque apical o
toque de tres puntos o de apoyo dividido, considerandose esta ultima
adaptacion como la mas segura y recomendable en estos casos.®® % 7

(Tabla 7; Figura 5).

Figura 5. Fluorograma 6ptimo
siguiendo la técnica del toque
en tres puntos o apoyo dividido.

41



TESIS DOCTORAL: “Guia clinica para la adaptacion de LC RPG en queratocono”

Levantamiento
apical

Toque apical Toque de tres puntos

Mayor zona de

Menor probabilidad distribucion de presién y
n de cicatrices en el peso de la lente
< apex Arra L
2 aptacpn mas Adaptacion mas sencilla
- sencilla que en levantamiento
E Menor edema Mejor AV apical
~  Menor incidencia de Menor probabilidad de
queratitis central Cicatrices que con toque
apical
2 Menor intercambio
2 lagrimal Moldeo corneal
- Dimple veiling Mayor probabilidad de  Necesidad de revisar las
E - | abrasiones corneales zonas de toque de la LC
> c;arzczec:trrr;lea Posibles cicatrices el ime e
tﬂ S en la zona del dpex
=) eor

Tabla 7. Ventajas y desventajas de las distintas filosofias de adaptacién de las LC RPG
corneales en queratocono.

Los fabricantes de LC RPG generalmente proporcionan lentes
especificamente disefiadas para ser adaptadas en cdérneas con
queratocono, tanto con disefios corneales, corneo-esclerales,
semiesclerales o esclerales; siendo las lentes corneales la primera opcién a
adaptar' 8 1820626567 raservando los otros disefos para los casos en los que
éstas LC fracasan. Las LC RPG corneales suelen incorporar un mayor
numero de curvas periféricas, diferente didmetro de zona éptica o bandas
periféricas asféricas, con la intencién de proporcionar un disefio que se
adecue a la morfologia de la cérnea irreqular caracteristica del

gueratocono.”®
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Logicamente, las LC RPG corneales especificamente disefiadas para ser
adaptadas en cérneas con queratocono requieren unos criterios, pautas o
guias de adaptacién diferentes a las empleadas con sujetos sanos con
cornea regular que requieran LC RPG estandar, por lo que los fabricantes
suelen dar unas instrucciones generales para seleccionar (o calcular) los
parametros de las LC. Estas recomendaciones suelen centrarse en el
calculo del radio base o radio de la zona 6ptica de la LC, generalmente a
partir de los valores de curvatura corneal anterior (queratometria). Una vez
calculado el radio de la primera lente de prueba se suele escoger la LC de
la caja de pruebas con el radio elegido y adaptarla durante unos minutos
para realizar su valoracion clinica (movimiento, centrado, y fluorograma,
principalmente). Otros fabricantes recomiendan el calculo de los
parametros a partir de la topografia corneal de manera que puede pedirse
al fabricante la primera lente de prueba sin necesidad de usar caja de
pruebas. Esta manera de trabajar suele aumentar el tiempo de adaptacion
al ser necesario pedir al fabricante cada cambio en los pardmetros de la

lente hasta encontrar la lente adecuada.

Lamentablemente, es muy frecuente que se necesiten varios cambios en
los parametros de la primera lente de prueba, sobre todo en el radio y el
diametro, hasta encontrar una lente adecuada, lo que aumenta el nimero
de lentes probadas y pedidas para estos pacientes'” '8 6> 686999 comparado
con una adaptacion estandar en ojos sanos. Esto se traduce en procesos de
adaptacion relativamente largos y complejos, especialmente en cérneas
muy irregulares (estadios moderados o avanzados), o en los casos que
muestren complicaciones relacionadas con el queratocono y su evolucién,
lo que hace que adaptar LC RPG en queratocono se considere un proceso

dificil de realizar.'”: 18 20.21,62,65,67
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En conclusién, esta ampliamente descrito en la literatura que la adaptacion
de LC RPG corneales es la primera opcién en el manejo de los pacientes
con queratocono, "'® 18626569 y3 que, aunque no frenan la progresién de la
enfermedad,® estd demostrado que su uso ayuda a retrasar la necesidad de

cirugia®® en estos pacientes mejorando su calidad de vida.'% %!

Sin embargo, la adaptacion de este tipo de lentes en estos pacientes esta
considerada como un proceso largo y complicado, que requiere
numerosos cambios tanto de lentes de prueba como de lentes pedidas al
fabricante, ademas de numerosas visitas consumiendo mucho tiempo,
tanto para el paciente como para el profesional.!” 18 20.21.62,65,67-69,99 Aynque
algunos autores han propuesto el uso de softwares especificos basados en
el andlisis de la topografia corneal para calcular los pardmetros de las LC
RPG,"” '® estos no han demostrado una reduccion relevante en el nimero
de lentes de prueba' y sin embargo suponen una dependencia
tecnoldgica de un modelo o topdgrafo especifico, lo que puede limitar su

uso generalizado por parte de los profesionales de la visién.

Finalmente, algunos trabajos clasicos'® proponen que casi el 70% de los
pacientes con queratocono que acuden a una consulta especializada para

realizar un trasplante de cérnea pueden ser correctamente manejados con
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LC RPG, lo que indica claramente que es necesario simplificar y mejorar el
proceso de adaptacion de LC RPG para proporcionar el mejor manejo a los
pacientes con queratocono, disminuyendo el niumero de pacientes que
tengan que recurrir a una opcién quirdrgica invasiva® ' que se puede
asociar con mayores complicaciones y coste tanto para los pacientes como

para los sistemas de salud.'™

Por tanto, esta tesis pretende desarrollar una guia clinica basada en la

evidencia que permita:

Estandarizar el proceso de adaptacion de LC RPG corneales en
pacientes con queratocono identificando las visitas necesarias para
completar la adaptacién y los criterios para seleccionar y modificar los
parametros de la LC RPG corneal, que pueda ser aplicado por cualquier

profesional de la vision.

Simplificar el proceso de adaptacidon proporcionando un método
robusto para el calculo de los parametros de la primera lente de prueba
que reduzca la diferencia entre los pardametros de la lente probada y los

de la lente finalmente adaptada.

Disminuir el tiempo necesario para completar la adaptacion, tanto para
el profesional como para el paciente, reduciendo el nimero de LC, ya
sean de prueba como las LC pedidas al fabricante, necesarias para

completar la adaptacién de la LC RPG adecuada en cada caso.

Proporcionar la mejor rehabilitacién visual a los pacientes con
queratocono de una forma segura y eficaz minimizando el impacto de

la enfermedad en su calidad de vida.
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1.3. Hipotesis

Es posible estandarizar el proceso de adaptacion de LC RPG en pacientes
con queratocono mediante el desarrollo de una guia clinica basada en la
evidencia que simplifique el proceso de adaptacién y ayude al profesional
a calcular los pardmetros de las lentes de prueba, reduciendo la diferencia
entre los parametros de la primera lente de prueba y los de la lente
finalmente adaptada, disminuyendo el tiempo de adaptacion, para
proporcionar la mejor rehabilitacion visual a los pacientes con

gueratocono de una forma seguray eficaz.
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1.4. Objetivos

Objetivo general:

Desarrollar una guia clinica basada en la evidencia que permita
estandarizar y simplificar el proceso de adaptacion de LC RPG corneales en

pacientes con queratocono de una forma segura y eficaz.

Objetivos especificos:

1. Cuantificar la calidad de vida de los pacientes con queratocono
relacionada con el método de correccién (gafas o LC RPG corneales)
mediante el cuestionario NEI-VFQ-25 identificando la mejor opcién

para la rehabilitacion visual de estos pacientes. Capitulo 3

2. Estandarizar el proceso de adaptacion de LC RPG corneales,
identificando las visitas necesarias para completar la adaptacién y los
criterios para seleccionar y modificar los parametros de la LC RPG a
adaptar, determinando la tasa de éxito en la adaptacién de LC RPG

corneales en sujetos sanos y con queratocono. Capitulo 4.1

3. Determinar las posibles diferencias entre el radio de la LC RPG
calculado siguiendo las recomendaciones actuales del fabricante con el

radio finalmente adaptado. Capitulos 4.2 y 6.3
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4. Analizar la practica clinica optométrica en el manejo del paciente con

queratocono en Espana y Reino Unido. Capitulo 4.3

5. Determinar la fiabilidad y utilidad de la topografia corneal en Ia
adaptacién de LC RPG en ojos con queratocono cuantificando la
repetibilidad (topografia de reflexién) tanto de los valores topograficos
como de la medida de las aberraciones corneales de la cara anterior y
evaluando la intercambiabilidad de distintas tecnologias topograficas

(Placido versus Placido-Scheimpflug). Capitulo 5

6. Proponer nuevos valores de las aberraciones corneales para mejorar
los criterios empleados en la deteccion y clasificacion de ojos con

queratocono. Capitulo 5.4

7. Desarrollar y validar un nuevo nomograma para la seleccién de los
parametros de las LC RPG en ojos con queratocono que permita
simplificar el proceso de adaptacién reduciendo la diferencia entre los
parametros de la primera lente probada y los de la lente finalmente

adaptada. Capitulo 6.1

8. Elaborar y validar una guia de adaptacion de LC RPG corneales en
qgueratocono bajo los estandares del consorcio AGREE-II que permita
disminuir el tiempo necesario para completar la adaptacion, tanto para
el profesional como para el paciente, reduciendo el numero de LC,
tanto de prueba como pedidas al fabricante, necesarias para completar

la adaptacién de la LC RPG adecuada en cada caso. Capitulo 7
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1.5. Material

v metodos

A continuacidén se describe de forma generalizada la parte metodolégica
empleada en este proyecto de investigacién. Para una descripcidon en
detalle del material y métodos usados en cada uno de los estudios que
componen esta tesis doctoral es necesario consultar los Capitulos 3, 4, 5,
6 y 7 de esta memoria en la que se presenta detalladamente cada

publicacién a las que ha dado lugar este trabajo de investigacion.

1.5.1. Sujetos y pacientes

Este proyecto de investigacion fue aprobado por el Comité Etico de
Investigacion Clinica de la Universidad de Valladolid (Anexo 2), y todos los
voluntarios y pacientes que han participado fueron tratados acorde con la
declaracion de Helsinki y demas legislacion aplicable a la investigacion
biomédica, especialmente la referente a materia de proteccién de datos y
privacidad de los pacientes (Ley 14/2007 de investigacion biomédica; Ley
41/2002 basica reguladora de la autonomia del paciente y de derechos y
obligaciones en materia de informacion y documentacién clinica; Ley
Organica 15/1999, de Proteccion de Datos de Caracter Personal). Los
pacientes con queratocono decidieron libremente participar en esta

investigacién después de recibir una hoja con la informacién que describia
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la naturaleza del estudio, los detalles de su participacion, etc. y tras recibir
respuesta a todas sus preguntas por parte del equipo investigador

firmaron el consentimiento informado (Anexo 3).

En términos generales, en este proyecto de investigacion han participado
74 pacientes con queratocono, 115 sujetos sanos, 464 profesionales
(optometristas/contact lens opticians) y 9 expertos en adaptar LC en
corneas irrequlares por queratocono. Ademas se han revisado
retrospectivamente mas de 500 historias clinicas de adaptaciones de LC

realizadas por la Unidad de Optometria del IOBA.

En el grupo de pacientes con queratocono (grupo de estudio) se han
incluido pacientes diagnosticados de queratocono por especialistas en
superficie ocular tanto del IOBA como del Hospital Clinico Universitario de
Valladolid, tras un examen ocular completo. Se excluyeron a todos
aquellos pacientes que hubieran sido sometidos a algun tipo de cirugia
ocular, asi como cualquier otra patologia ocular activa o uso de
medicacion que pudiera afectar la fisiologia ocular. Ademas, para los
estudios descritos en los Capitulos 3, 4.1, 4.2 y 6.2 los pacientes con
queratocono ademas debian ser usuarios de LC RPG corneales y no

presentar ningun tipo de contraindicacién para el uso de LC.

Como grupo control, se han incluido sujetos sanos sin ningun tipo de
patologia ocular. Se excluyeron a aquellos sujetos con enfermedades
activas de la superficie ocular, opacidades de la cérnea, glaucoma, uso de
medicacion que pudiese afectar a la fisiologia ocular o antecedentes de
cualquier tipo de cirugia ocular. Ademas, en los estudios descritos en el
Capitulo 3 los sujetos sanos debian ser portadores de cualquier tipo de LC

(RPG o hidrofilica); en el Capitulo 4.1 debian ser usuarios de LC (RPG o

52



Capitulo 1: SINTESIS GENERAL - Material y métodos

hidrofilica) o haber iniciado al menos un proceso de adaptaciéon de LC RPG
mientras que en los Capitulos 4.2 y 6.1 debian ser usuarios de LC RPG

corneales.

El Capitulo 4.1 recoge un andlisis retrospectivo que incluyd 232
adaptaciones de cualquier tipo de LC (RPG o hidrofilica) iniciadas y
completadas por la Unidad de Optometria del IOBA (desde 2010 hasta
2014).

En el Capitulo 4.3 se incluyeron 464 profesionales de la visidn ejercientes
en Reino Unido (126 Optometrists y Contact lens opticians) y en Espana
(338 optometristas colegiados) que completaron el cuestionario disenado

para este estudio.

Finalmente, el Capitulo 7 recoge el proceso de elaboracién y validacién de
la guia clinica para la adaptacion de LC RPG corneales en la que ha
participado un equipo de 9 expertos ajenos al equipo de investigacion
pertenecientes a diferentes universidades nacionales (Universidad
Complutense de Madrid, Universidad Europea de Madrid y Universidad de
Alicante) e internacionales [Universidad de Plymouth (Reino Unido),
University of New South Wales, Sydney (Australia), University of Minho
(Portugal) y Universita del Salento (Italia)] asi como de centros
profesionales no universitarios [Hospital Oftalmar (Espafa), Novolent-
Novovision (Espana), Visser Contactlenzenpraktijk (Holanda) y Orriss & Low
Optometrists (Reino Unido)]. Para el desarrollo y validacién de esta guia se
han empleado las recomendaciones del consorcio AGREE-Il para la

elaboraciéon de guias clinicas.’®
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La tabla 8 resume el niumero de ojos, sujetos y pacientes incluidos en cada

uno de los estudios que conforman este proyecto de investigacién.

Capitulo Sanos Queratoconos
3 25 sujetos 25 pacientes
4.2 40 ojos (40 sujetos) 40 ojos (22 pacientes)
5.1 25 ojos (25 sujetos) 25 ojos (25 pacientes)
5.2 36 ojos (36 sujetos) 36 0jos (36 pacientes)
5.3 56 ojos (56 sujetos) 56 ojos (33 pacientes)
54 70 ojos (70 sujetos) 77 ojos (45 pacientes)
6.1 50 ojos (50 sujetos) 85 ojos (49 pacientes)
6.2 - 81 ojos (46 pacientes)

Tabla 8. Numero de ojos, sujetos y/o pacientes incluidos en cada capitulo.

1.5.2. Lentes de contacto

En este proyecto de investigacion se han utilizado varios disefos de LC

RPG en funcidén de la naturaleza de cada estudio y pueden resumirse en:

- Lente KAKC [Conéptica (Espafa) / Hecht Contaclinsen (Alemania)]: LC
RPG corneal con disefo especifico para queratocono (esférica
pentacurva) (Tabla 9). Solo se incluyeron lentes esféricas de manera
que los casos que precisaron disenos téricos o periferia individual
fueron excluidos. Este disefio de LC se ha utilizado en los estudios

descritos en los Capitulos 3, 4.1,4.2,6.1 y 6.2.

- Lente BIAS-S [Condptica (Espana) / Hecht Contaclinsen (Alemania)]: LC
RPG corneal biasférica de rotacion simétrica (Tabla 9) utilizada en los
sujetos del grupo control en los estudios descritos en los Capitulos 4.1,

42vy6.1.
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KAKC BIAS-S
Fabricante Conoptica-Hecht Contactlinsen
Diseno Esférica pentacurva Biasférica de rotacion simétrica
Potencia (D) +30,00 D (pasos de 0,25) +30,00 D (pasos de 0,25)
Radio base (mm) 4,80 a 8,90 (pasos de 0,05) 6,50 a 10,00 (pasos de 0,05)
Diametro total 8,40 a 12,20 (pasos de 0,10) 7,00 to 12,20 (pasos de 0,10)
Diametro estandar 9,20 9,60
Material Boston ES/EQ/EOQ/XO/X02

Tabla 9. Descripcion general de las LC RPG utilizadas en este proyecto (KAKC para ojos
con queratocono; BIAS-S para 0jos sanos).

1.5.3. Equipamiento

Los principales equipos utilizados en este proyecto han sido los siguientes:

Topégrafo corneal Allegro Topolyzer (Wavelight Technologie AG,
Laboratorios Alcon, Erlangen, Alemania) / comercializado por Oculus
bajo el nombre Oculus Keratograph (Oculus Optikgerate GmbH,
Wetzlar, Alemania) [Software de datos de pacientes versién 6.02r24;
Software de examen version 1.75r11]. Es un topografo de discos de
Placido que consta de 22 anillos concéntricos que proporcionan
medicion de 22.000 puntos de la cara anterior de la cérnea. Este
dispositivo se ha utilizado en los Capitulos 4.2, 5.1, 5.2,5.3,54, 6.1y
6.2.

Médulo de adaptacion y simulacion de LC RPG APEX® (versidon
1.1.0.6) disefiado por Hecht-Contactlinsen en colaboraciéon con Oculus
y comercializado en Espana por Condptica (Barcelona). Este médulo de
adaptacion utiliza la topografia corneal obtenida con el topoégrafo
Oculus Keratograph y muestra un patréon de fluoresceina simulado del

diseno RPG especificado para ayudar en la adaptacién y seleccion de
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parametros de las LC RPG. Este software de simulacién se ha utilizado

en los Capitulos 4.2, 6.1y 6.2.

Topografo/Tomégrafo Galilei G4 (Ziemer, Port, Suiza) (Software
version V6.0.3) comercializado en Espana por BLOSS Group (Barcelona).
Equipo mixto que combina discos de Placido con dos camaras de
Scheimpflug ubicadas a 180° una de la otra. Este dispositivo permite
analizar 122.000 puntos del segmento anterior del ojo en un modelo
tridimensional, que permite analizar tanto la cara anterior como
posterior de la cérnea. Este topdgrafo se ha utilizado en los Capitulos

53y6.1.

Topografo Orbscan Il (Bausch & Lomb, Rochester, Nueva York, EEUU).
Dispositivo que funciona por escaneo mediante barrido de hendidura
en combinacién con discos de Placido para proporcionar un analisis
exhaustivo de la cara anterior y posterior de la cérnea. Este equipo se

ha utilizado en el Capitulo 6.1.

Queratometro de Helmholtz (OM-4, Topcon, Japon). Este dispositivo
permite medir los radios de curvatura de los meridianos principales de
la cara anterior de la cérnea de forma simultanea (en milimetros o
dioptrias) utilizando un sistema de miras fijas y de doblaje movil. Este

tipo de queratdmetro se ha usado en los Capitulos 4.1, 6.1 y 6.2.

1.5.4. Cuestionarios

Se han utilizado distintos cuestionarios en este proyecto de investigacion

para llevar a cabo diferentes estudios:
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Cuestionario de Funcionamiento Visual (VFQ-25) del National Eye
Institute.'® Este instrumento permite evaluar el impacto que tiene un
problema visual en la calidad de vida, basandose en la percepcion
subjetiva de los sujetos afectados. Consta de 25 preguntas de facil
comprension 'y respuesta, orientadas a evaluar 11 dominios
dependientes de la visién y uno de salud general, entre los que se
incluyen: salud general, dolor ocular, actividades en visién préoxima,
actividades en vision lejana, funcion social, salud mental, visién
general, dificultades de rol, dependencia, conduccién, vision del colory
vision periférica. Este cuestionario se ha utilizado en el Capitulo 3 para
evaluar la calidad de vida de los pacientes con queratocono con el

porte de LC RPG y gafas.

Cuestionario sobre la practica optométrica en el manejo del
paciente con queratocono. Se ha disefado un cuestionario online
especifico para el estudio descrito en el Capitulo 4.3 que evalua las
actitudes y practica profesional en el manejo del paciente con
queratocono. Este cuestionario se elaboré en espafiol y en inglés, y fue
validado por profesionales espafoles y britdnicos para garantizar el
mismo significado y objetivo de ambas versiones previamente a su
difusién entre profesionales (optometristas y adaptadores de LQC)
ejercientes en Reino Unido y en Espana que se realizé por diferentes
medios electrénicos (en Reino Unido: General Optical Council, British
Contact Lens Association, Optometry Today; y en Espana: Colegios y
Delegaciones Regionales del Colegio Nacional de Opticos-

Optometristas).

Instrumento AGREE Il (evaluacion de guias de practica clinica).'®

Este instrumento y su cuestionario especifico ha sido utilizado en el
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Capitulo 7 tanto para elaborar como evaluar la guia clinica basada en
la evidencia para adaptar LC RPG corneales en queratoconos propuesta
en esta tesis doctoral. Esta herramienta sirve para evaluar el rigor
metodoldgico y la transparencia con la que se desarrolla una guia de
practica clinica. Para ello, presenta una serie de recomendaciones para
la elaboracién de la guia y para su evaluacion por un minimo de 4
expertos utilizando un cuestionario especifico compuesto por seis
dominios diferentes con 23 items en total. Cada item debe ser
clasificado en una escala de 7 puntos (siendo 1: muy en desacuerdo; y
7: muy de acuerdo). Para cada uno de los seis dominios incluidos en
AGREE Il se calcula una puntuacién de calidad, obteniendo una
puntuacién global final con la respuesta de los expertos que

proporciona el valor de la calidad metodoldgica de la guia propuesta.

1.5.5. Anadlisis estadistico

El analisis estadistico de este proyecto de investigacién se ha llevado a
cabo con el programa SPSS version 15.0 (SPSS, Chicago, EEUU) para
Windows. Ademas, en el Capitulo 3 se realizo6 un Rasch Analysis
empleando el algoritmo de Massof para el analisis del cuestionario de

calidad de vida (VFQ-25).'

En todos los estudios que se recogen en esta memoria se determiné la
normalidad de las variables mediante la prueba de Kolmogorov-Smirnov,
tomando un valor de p>0,05 como distribucién normal de la muestra para
emplear el contraste de hipdtesis mds adecuado en funcién de las

variables a analizar.
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Cada capitulo de esta memoria describe en detalle el analisis estadistico
utilizado, identificando los test empleados tanto para el analisis descriptivo
(presentacion de media, desviaciéon estandar, intervalo de confianza al
95%, rango maximo y minimo, mediana, moda, rango intercuartilico, etc.)
como inferencial (identificando el test empleado y su significancia
estadistica para determinar correlaciones, diferencias, establecer modelos,
etc.) asi como otros métodos matematicos empleados como el analisis de
Bland-Altman, coeficiente de variacién, repetibilidad, precisién, coeficiente

de correlacién intraclase, etc.
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1.6. Resultados

En este apartado se resumen los principales resultados encontrados en
cada uno de los estudios que forman parte de esta tesis doctoral. Para una
descripcion mas detallada de los resultados encontrados es preciso
consultar el capitulo correspondiente a cada uno de los estudios que

conforman esta memoria.

Capitulo 3. Impacto de la correccion con LC RPG en la
calidad de vida de los pacientes con queratocono

Este capitulo ha encontrado que los pacientes con queratocono tienen
peor calidad de vida cuando usan las gafas como medio corrector que la
que tienen sujetos sanos portadores de gafas, al mostrar una menor
puntuacién en todas las subescalas y en la puntuacion global del

cuestionario NEI-VFQ-25 (p<0,01).

Sin embargo, cuando portan LC RPG, aunque la puntuacién que muestran
los pacientes con queratocono sigue siendo menor que la obtenida por los
sujetos sanos usuarios de LC, la diferencia entre ambos grupos es mucho
menor y sélo fue estadisticamente significativa (p<0,04) en cuatro
subescalas (actividades en vision lejana, salud mental, vision del color y

visién periférica). Incluso en la subescala de visién general, los pacientes
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con queratocono muestran mayor puntuacion que la presentada por los
sujetos sanos (p=0,38). Esta reduccién en las diferencias entre pacientes
con queratocono y sujetos sanos es un claro indicador del impacto que
tiene la correccion con LC RPG en la calidad de vida de los pacientes con

queratocono.

Al comparar la puntuacién del grupo de queratoconos usando gafas o LC
RPG se encontré una mejor calidad de vida (mayor puntuacion) con el
porte de sus LC RPG en todas las subescalas y en la puntuacion final global
(p<0,01), excepto en dos subescalas; la de dolor ocular (p<0,01) y la salud

mental (p=0,25), que presentaron mejores valores con la gafa.

Por ultimo, los pacientes con queratocono mas avanzado (clasificacién de
Amsler-Krumeich) presentaron peor calidad de vida (menor puntuacion)
que los pacientes con queratoconos leves o moderados al usar sus gafas
(p<0,01 Kruskal-Wallis), mientras que con el porte de LC RPG no se
encontraron diferencias significativas entre los distintos grados de

severidad de la enfermedad (p=0,06 Kruskal-Wallis).

Capitulo 4. Estado actual del proceso de adaptacién de LC
RPG en pacientes con queratocono

4.1. Exito de adaptacion a LC RPG

Este estudio encontrd un mayor porcentaje de éxito a la adaptacion de LC
RPG en pacientes con cornea irregular (tasa del 96,7%) que en sujetos
sanos (tasa del 69,3%), tras analizar retrospectivamente la adaptacion de
LC en 232 sujetos (61,2% mujeres y 38,8% hombres) de las cuales el 71,6%

(n=166; 68,7% mujeres y 31,3% hombres) se realizaron por razones
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refractivas (miopia, hipermetropia, astigmatismo y/o presbicia) y el 28,4%
restante (n=66; 42,4% mujeres y 57,6% hombres) por razones terapéuticas
en pacientes con algun tipo de patologia (queratocono, degeneracion
marginal pellcida, afaquia, etc.), astigmatismo irregular secundario a
procedimientos de cirugia refractiva o traumatismos o tratamientos de

ortoqueratologia.

Adaptaciones refractivas

De las 166 adaptaciones con fines refractivos, las LC RPG fueron la opcién
de primera eleccion en el 53% de los casos (n=88), sequido de las LC
hidrofilicas de hidrogel de silicona (31,9%, n=53) y las LC hidrofilicas de

hidrogel convencional (15,1%, n=25).

De los 88 sujetos que iniciaron la adaptacién con LC RPG, el 69,3% (n=61)
se adapté a las LC RPG, mostrando un porte confortable de 7,61 + 1,54
horas al dia, sin complicaciones relevantes en la superficie ocular. La
experiencia previa de uso de LC no pareci6 mostrar un impacto
clinicamente relevante en la tasa de adaptacion ya que los nuevos usuarios
gue nunca habian usado LC, mostraron una tasa de adaptacién del 72%,
similar a la encontrada en los usuarios previos de LC hidrofilicas, que
mostraron una tasa del 62%, mientras que los usuarios previos de LC RPG

mostraron una tasa mayor, del 92,3%.

Adaptaciones terapéuticas

En el grupo de adaptaciones terapéuticas (56,1% queratocono, 28,8%
ortoqueratologia, 4,5% post cirugia refractiva o queratoplastia y el 10,6%
restante por otras causas) la LC RPG fue la primera eleccién en el 92,4% de

los casos (n=61). De estos 61 casos (42 con cornea irregular y 19 con
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ortoqueratologia) 59 de ellos se adaptaron con éxito al porte de las LC RPG
(96,7%) y unicamente en 2 pacientes con queratocono avanzado no pudo

completarse la adaptacion de LC RPG corneales.

4.2. Fiabilidad de las recomendaciones actuales para adaptar LC
RPG

En este estudio se encontrd que el software de adaptacion de LC APEX®
presenta una alta repetibilidad en el valor del radio base propuesto de la
LC RPG tanto en ojos sanos (CV=0,32%) como en 0jos con queratocono
(CV=0,51%). Sin embargo, este software propone un radio base
estadisticamente (p<0,01) mas plano que el radio de la LC RPG finalmente
adaptada tanto en ojos sanos (diferencia media de +0,07 = 0,05 mm;
limites de acuerdo -0,03 a +0,17 mm; R?> = 0,852, p<0,01) como en 0jos con
queratocono (diferencia media de +0,11 £ 0,15 mm; limites de acuerdo -

0,19 a +0,41 mm; R? = 0,969, p<0,01).

Las diferencias entre el radio propuesto por el software APEX® y la lente
finalmente adaptada pueden reducirse ajustando el radio propuesto por el
software mediante ecuaciones de regresion lineal tanto en ojos sanos
[diferencia media de -0,01 = 0,05 mm con el ajuste (Radio_APEX®
(mm)*1,06 — 0,53)] como en ojos con queratoconos [diferencia media de -
0,01 £0,14 mm con el ajuste (Radio_APEX® (mm)*0,88 + 0,77)]. Igualmente,
estas diferencias se reducirian con ecuaciones especificas para cada grado
de severidad; en queratocono grado 1 a +0,01 = 0,04 mm con el ajuste
(Radio_APEX® (mm)*0,81 + 1,38); en grado 2 a +0,03 £ 0,10 mm con el
ajuste (Radio_APEX® (mm)*0,84 + 1,07); y en grado 3 a +0,02 £ 0,16 mm
con el ajuste (Radio_APEX® (mm)*0,93 + 0,28).
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4.3. Manejo optométrico de los pacientes con queratocono en
Reino Unido y Espana

En este estudio se ha encontrado una practica profesional muy similar
entre profesionales en Reino Unido y en Espafa a la hora de manejar los
pacientes con queratocono tanto en el diagnostico, adaptacion de LC RPG
o derivacion al oftalmélogo a pesar de las diferencias que presenta el

ejercicio profesional de la Optometria en ambos paises.

Un total de 464 profesionales (126 en Reino Unido y 338 en Espafa)
contestaron a un cuestionario online especificamente disefiado para este
estudio, encontrando que sélo el 38,1% de los profesionales de Reino
Unido disponen de topdgrafo en su practica habitual, frente al 59,8%
reportado en Espaina, siendo mas proclives los profesionales con topografo
a prescribir mayor numero de LC RPG, detectar mayor numero de nuevos
casos de queratocono y co-manejar un mayor numero de casos con un

oftalmdlogo.

Predominantemente en ambos paises, los encuestados detectaron menos
de 5 nuevos casos de queratocono por ano (65,1% en Reino Unido y 65,7%
en Espana, p=0,21). La mayoria de los profesionales (79,4% en Reino Unido
y 75% en Espana, p=0,68) consideraron que es necesaria una combinacién
de multiples factores en la deteccidon de los pacientes con queratocono
(historia clinica, agudeza visual, reflejos en tijeras durante la retinoscopia,
queratometria manual, topografia corneal y signos biomicroscépicos de

polo anterior).

En general, los profesionales respondieron que el uso de clasificaciones
para gradar la severidad del queratocono es relevante en la practica clinica

(67,5% en Reino Unido y 70,7% en Espana, p=0,50), sin embargo, sélo el
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7,1% en Reino Unido y el 17,8% en Espana (p=0,01) utilizan algun tipo de

clasificaciéon de queratocono de forma habitual.

Los encuestados, en su gran mayoria, consideraron que la adaptacion de
LC RPG en ojos con queratocono es mas complicada que en ojos sanos
(79,4% en Reino Unido y 80,5% en Espana; p=0,79), utilizando de media 3,2
+ 1,4 lentes de prueba los profesionales britdnicos y 3,4 + 1,2 lentes de
prueba los optometristas espanoles (p=0,72) para adaptar LC RPG en

queratoconos.

En cuanto a la derivacidon y co-manejo de los pacientes con queratocono, la
mitad de los encuestados remitié a estos pacientes al oftalmélogo en el
momento del diagndstico inicial (50% en Reino Unido y 50% Espana;
p=1,00), y la gran mayoria no trabaja de manera conjunta con el
oftalmdélogo después de que el paciente sea sometido a algun tipo de

técnica quirdrgica (60,3% en Reino Unido y 72,8% en Espafia; p=0,01).

Capitulo 5. Fiabilidad y utilidad de la topografia corneal
en el proceso de adaptacion de LC RPG en queratocono

5.1. Repetibilidad de la topografia de discos de Placido en
queratocono

Este capitulo demuestra que el topdgrafo Allegro Topolyzer / Oculus
Keratograph basado en discos de Placido es repetible (coeficiente de
variaciéon (CV) <1% para la mayoria de las variables analizadas) al explorar
tanto 0jos sanos como ojos con queratocono [encontrando diferencias
estadisticamente significativas entre los principales datos topograficos
(potencia maxima y minima corneal, punto de maxima potencia corneal,

excentricidad, didmetro corneal, ISV, IVA, KI, Rmin y coeficiente de
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aberraciones) con menores valores en 0jos sanos que en 0jos con
queratocono (p<0,02), excepto para el indice Rmin que fue mayor en los

0jos sanos].

El analisis pormenorizado de la repetibilidad en cada una de las variables
topograficas analizadas mostrd una alta repetibilidad tanto en ojos sanos
como en 0jos con queratocono para la potencia maxima (CV=0,21% y
0,47%, respectivamente); potencia minima (0,19% y 0,36%); punto de
maxima potencia corneal (0,22% y 0,77%); diametro corneal (0,27% vy
0,33%); ISV (4,82 y 3,10%); IVA (7,05% y 3,80%); KI (0,29% y 0,72%); Rmin
(0,53% y 0,78%), y coeficiente de aberraciones (0% y 4,00%), excepto en el
valor de la excentricidad corneal que presenté peor repetibilidad

(CV=5,79%y 14,53%, respectivamente).

5.2. Repetibilidad de la medida de las aberraciones corneales en
queratocono

Este estudio encontré6 una mejor repetibilidad en la medida de las
aberraciones corneales de alto orden con el topégrafo Allegro Topolyzer /
Oculus Keratograph en ojos con queratocono [CV entre el 2,06% (RMS
total) y 25,82% (tetrafoil), y un intervalo de correlacién intraclase (ICC)
entre 0,839 (RMS 8° orden) y 0,996 (coma-like)] que en ojos sanos (CV entre
el 6,49% (aberracidn esférica) y 37,18% (astigmatismo secundario) y un ICC
entre 0,227 (RMS 7° orden) y 0,982 (coeficiente Z*'3)]. Todos los
coeficientes de Zernike analizados fueron significativamente mayores en
los ojos con queratocono que en sanos (p<0,03), excepto en los
coeficientes Z*';, Z*3;, 24, 7™ en los que no se encontraron diferencias

significativas (p>0,30).
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Al analizar la repetibilidad de la medida de las aberraciones en
queratocono por grado de severidad segun la clasificacion de Amsler-
Krumeich, se obtuvo una tendencia a encontrar mejor repetibilidad para
los coeficientes de Zernike a medida que aumenta la severidad de la
enfermedad, siendo el coma el que presentd mejores valores de

repetibilidad.

5.3. Intercambiabilidad de tecnologias topograficas (Placido
versus Scheimpflug) en queratocono

En este estudio se encuentra un mejor acuerdo en las medidas
topograficas de cara anterior proporcionadas por la topografia de discos
de Placido y la topografia de Placido-Scheimpflug en ojos sanos (limites de
acuerdo al 95%: queratometria simulada media o SimK -0,13 a +0,40 D;
potencia corneal maxima -0,30 a 0,59 D; potencia corneal minima -0,29 a
+0,51 D; astigmatismo -0,60 a +0,64 D; Jo-1,15a +1,13 D; J45-1,10 a +1,20
D; punto de maxima potencia corneal -0,70 a +1,17 D; diametro corneal -
0,96 a +0,76 mm) que en ojos con queratocono (limites de acuerdo al 95%:
SimK -2,84 a +4,55 D; potencia maxima -2,80 a +5,21 D; potencia minima -
3,68 a +4,70 D; astigmatismo -1,90 a +2,95 D; Jo -2,85 a +3,20 D; Ji5 -3,21 a
+3,05 D; punto de maxima potencia corneal -7,00 a +4,51 D; diametro
corneal -1,00 a +0,88 mm) que podria permitir el uso intercambiable de
ambos equipos con cautela en o0jos sanos, pero lo desaconseja en casos de

queratocono.

El topografo de discos de Placido proporciond un valor medio menor en
todas las variables comparadas que el topégrafo Placido-Scheimpflug en
0jos sanos (excepto Jis y didmetro corneal) y en ojos con queratocono

(excepto Jo, J4s, punto de maxima potencia corneal y diametro corneal).

68



Capitulo 1: SINTESIS GENERAL - Resultados

Todas las medidas fueron significativamente diferentes (p<0,05) entre los
dos dispositivos tanto en ojos sanos (excepto la potencia del
astigmatismo, Jo, Jss y didmetro corneal; p=0,10) como en o0jos con
queratocono (excepto la potencia corneal minima, Jo, Jis y didmetro

corneal; p=0,08).

5.4. Clasificacion de la severidad del queratocono con topografia
corneal

Este estudio propone mejorar la clasificacién de Amsler-Krumeich
incluyendo el valor del coma (de la cara anterior corneal, obtenido con
topografia de discos de Placido) identificando nuevos valores de corte para
diferenciar entre ojos sanos y ojos con queratocono (el punto de corte de
0,377 um mostré un 100% de sensibilidad y un 100% de especificidad) y
para diferenciar entre los grados de severidad del queratocono 1y 2 con
un punto de corte de 1,466 pm, con 90% de sensibilidad, y 100% de
especificidad y entre los grados 2 y 3 con un punto de corte de 2,790 um,

con 92% de sensibilidad, y 83,3% de especificidad.

Asi pues, se encontrd que el valor del coma en la muestra analizada fue
significativamente mayor (p<0,01) en ojos con queratocono (2,294 + 0,137
um; intervalo de confianza (IC) 95% 2,020 a 2,567 um) que en sanos (0,173
+ 0,009 um; IC95% 0,154 a 0,193 um) y se encontraron diferencias
significativas entre los grados de severidad del queratocono (p<0,01)
(grado 1: 0,948 + 0,069 um, 1C95% 0,803 a 1,093 um; grado 2: 2,062 + 0,103
pum, 1C95% 1,853 a 2,273 um; grado 3: 3,646 + 0,135 um, 1C95% 3,368 a
3,925 pm).
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Capitulo 6. Desarrollo de un nuevo algoritmo para
simplificar la adaptaciéon de LC RPG en queratocono

6.1. Nuevo algoritmo para mejorar la adaptacion de LC RPG en
0jos con queratocono

Este estudio muestra el desarrollo y posterior validacion clinica de un
nuevo nomograma o algoritmo para seleccionar los parametros de la
primera lente de prueba en adaptaciones de LC RPG de disefio corneal en
0jos con queratocono. Este algoritmo permite reducir las diferencias entre
la primera lente probada (calculada por el nuevo algoritmo) y la lente
finalmente adaptada y simplificar el proceso de adaptacién con un nimero
de lentes de prueba (1,6 £ 0,8 versus 1,3 £ 0,5; p=0,02), lentes pedidas al
fabricante (1,4 £ 0,6 versus 1,1 £ 0,3; p<0,01) o de visitas (3,4 = 0,7 versus
3,2 £ 0,4; p=0,08) ligeramente superior al empleado en adaptaciones de LC
RPG refractivas en sujetos sanos, lo que hace que, empleando el nuevo

algoritmo, ambos procesos de adaptacion sean clinicamente similares.

El calculo del nuevo algoritmo se realizé con un estudio retrospectivo de
35 adaptaciones previas de LC RPG corneales en ojos con queratocono tras
realizar un analisis de regresion multiple por pasos (stepwise) para
determinar la ecuacién de mejor ajuste entre el radio final adaptado y las
diferentes variables clinicas y topograficas analizadas (edad, refraccién,
potencia corneal, astigmatismo corneal, excentricidad, punto de maxima
potencia, espesor corneal central, esfera de mejor ajuste anterior y
posterior y queratometria manual) presentando una buena correlacién
entre el radio base de la lente propuesta y el radio finalmente adaptado
(R°=0,825; p<0,01). Este algoritmo se incluyé en la web de libre acceso

(www.calculens.com).
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Por su parte, el nomograma se validé prospectivamente en una nueva
muestra de 38 pacientes (50 ojos) con queratocono, realizando 50 nuevas
adaptaciones de LC RPG de diseno corneal (KAKC, Condptica Espana) en
las que el radio de la lente propuesto por Calculens.com mostré menor
diferencia con el radio finalmente adaptado (diferencia de -0,01 = 0,12
mm, p=0,65) que la mostrada por el radio propuesto siguiendo las
indicaciones que proporciona el fabricante (diferencia de +0,12 + 0,22 mm,
p<0,01) y el radio de la lente propuesto por el software APEX® (diferencia

de-0,14 £ 0,16 mm, p<0,01).

Empleando el nuevo algoritmo (Calculens.com) las diferencias entre el
radio de la lente propuesto y el finalmente adaptado fueron iguales o
menores a 0,05 mm (denominando a esta diferencia como tasa de acierto)
en el 58% de los casos; mientras que siguiendo las recomendaciones del
fabricante esta tasa de acierto solo se consiguié en el 26% de los casos y

utilizando el software de simulacion APEX® la tasa de acierto fue del 34%.

6.2. Fiabilidad del proceso de calculo de la primera lente de
prueba a adaptar en queratocono

Este capitulo demuestra que el radio base de la LC RPG corneal propuesto
por el algoritmo desarrollado en esta tesis doctoral (Calculens.com)
muestra menos diferencias con el radio finalmente adaptado que el radio
calculado siguiendo otras 9 guias o recomendaciones que proponen
diferentes fabricantes o autores para calcular el radio base de la primera

lente de prueba a adaptar en ojos con queratocono.

Solo tres recomendaciones (Calculens.com; pauta propuesta por el Centre
of Contact Lens Research (University of Waterloo, Canada)® y la eleccion

del radio como K medios) no mostraron diferencias estadisticamente
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significativas (p<0,05 T-Student para datos pareados) con el radio
finalmente adaptado. Sin embargo, el algoritmo desarrollado en esta tesis
(Calculens.com) mostré la menor diferencia (0,00 + 0,12 mm) y mayor tasa
de acierto (un 50,6%) que las otras dos recomendaciones con diferencias
de +0,03 £ 0,17 mm (tasa de acierto del 26,3%) y +0,03 = 0,18 mm (tasa de
acierto del 34,6%) respectivamente. Incluso alguna de las
recomendaciones® presentd diferencias de -0,38 £ 0,22 mm con el radio

finalmente adaptado y una tasa de acierto de sélo el 3,8%.

Capitulo 7. Guia clinica para la adaptacion de LC RPG
en queratocono

En este capitulo se presenta la guia clinica basada en la evidencia que se
ha desarrollado en esta tesis para adaptar LC RPG corneales en
gueratocono siguiendo las recomendaciones propuestas por el Consorcio
Agree (Instrumento Agree II)'® que ha sido evaluada por 9 expertos
externos, tanto nacionales como internacionales, con amplia experiencia
en la adaptacion de LC. La guia propuesta ha obtenido unos resultados
satisfactorios en todos los dominios del Instrumento Agree Il (alcance y
objetivo 89%, participacion de los implicados 74%, rigor en la elaboracion
84%, claridad de la presentacion 89%, aplicabilidad 72% e independencia
editorial 88%) y en la evaluacion global (calidad general de la guia 85%) lo
que permite su recomendacion para el manejo de los pacientes con

gueratocono con LC RPG de disefo corneal.
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En este apartado se presenta una sucinta discusion de los principales
hallazgos de esta tesis doctoral de manera global. Una discusion
pormenorizada se incluye en cada uno de los capitulos en los que se
detallan los diferentes estudios que se han incluido en este proyecto de

investigacion.

Estda ampliamente descrito en la literatura que las LC RPG suponen la
primera opcién de manejo de los pacientes con queratocono.' & 18 62 6569
Como se ha demostrado en el Capitulo 3, la calidad de vida de estos
pacientes es mucho mayor con el porte de estas lentes que con sus gafas,
siendo similar a la de sujetos sanos sin ninguna patologia. Estos resultados,
aparte de evidenciar los beneficios que supone el uso de LC RPG en la
calidad de vida de los pacientes con queratocono, subrayan la importancia
de distinguir el método corrector del defecto refractivo (gafas o LC) en la
metodologia de los estudios de calidad de vida que se hacen en estos
pacientes o en los que se evalla la eficacia de alguna técnica en base a la
agudeza visual alcanzada, ya que es habitual incluir pacientes con
cualquier tipo de correccién o mostrar resultados sin especificar la
correccion refractiva utilizada,' 91 %113 |o que resta objetividad y

dificulta la comparacién de los resultados.
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Por su parte, la adaptacion de este tipo de LC en estos pacientes esta
considerada como un proceso largo y complicado (Capitulo 4.4).'" '8 20. 21,
62,65,67:69.99 Esta premisa esta en la linea de los resultados del Capitulo 4.3,
en el que tanto los profesionales britanicos como los espafoles
encuestados consideran la adaptacién de LC RPG en queratocono como
un proceso mas complicado que en sujetos sanos, constatando que no hay
criterios definidos sobre cdmo manejar a estos pacientes. Por ello, parece
no haber grandes diferencias en la practica optométrica en el manejo de
estos pacientes, pese a las diferencias que ambos modelos profesionales
podrian presentar (principalmente en el uso de farmacos diagndsticos y la
colaboracién con el sistema publico de salud mas desarrollados en Reino

Unido que en Espafa).

Los fabricantes de las LC RPG corneales con diseno especifico para
queratocono proporcionan pautas de adaptacion para seleccionar la
primera lente de prueba en estos casos o incluso se comercializan
diferentes softwares de simulacién con la intencién de ayudar en el
proceso de adaptacién. Sin embargo, la lente calculada siguiendo estas
indicaciones suele estar alejada de la finalmente adaptada'” '® (Capitulo
4.2) lo que hace que en vez de simplificar el proceso de adaptacion, en
ocasiones pueda producirse el efecto contrario, y que se necesiten mas
lentes, ya sean de prueba o pedidas al fabricante, traduciéndose en mas

visitas y mas tiempo consumido durante la adaptacion.

Otra de las cuestiones planteadas, es la importancia del uso de la
topografia corneal en el proceso de adaptacién de LC RPG. La topografia
corneal es de especial utilidad en la deteccién temprana y seguimiento del
queratocono,'” '® y concretamente, la topografia basada en discos de

Placido es una de las herramientas mas comunes y utilizadas en la practica
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clinica, especialmente en atencién primaria (Capitulo 5.5).*> "% > En los
Capitulos 5.1 y 5.2 se ha demostrado que la topografia corneal de discos
de Placido proporciona medidas repetibles de las principales variables
topograficas, asi como de las aberraciones corneales, especialmente utiles
en la deteccion y gradacién de la severidad del queratocono?®” 3 (Capitulo
5.4) por lo que son equipos de gran utilidad en el manejo de estos
pacientes. Sin embargo, al comparar dos técnicas diferentes de
topografia/tomografia (Placido versus Placido-Scheimpflug) las medidas
entre ambos equipos en cérneas con queratocono no son intercambiables,
debido a la diferencia que existe entre las medidas proporcionadas
(Capitulo 5.3). Por tanto, aunque disponer de topdgrafo es de gran
utilidad en el manejo de estos pacientes, el protocolo de adaptacion de LC
RPG no deberia de ser topografico-dependiente en estos casos, debido a la
falta de acuerdo que existe entre diferentes tecnologias, resultando de
gran utilidad pautas de adaptaciéon de LC RPG independientes de los

equipos topograficos de los que disponga cada profesional.

Para ello, se ha definido un protocolo de adaptacion de LC RPG
estructurado con 3 tipos de visitas (inicial, adaptacion, y dispensacién), que
ha demostrado que aproximadamente 7 de cada 10 sujetos sanos y 9 de
cada 10 pacientes con irregularidad corneal, se adaptan con éxito al porte
de LC RPG (Capitulo 4.1). Ademas, se ha desarrollado y validado
clinicamente un nuevo algoritmo para seleccionar la primera LC RPG de
prueba (con disefio especifico para queratocono, KAKC) (Capitulo 6.1) que
ha mostrado mejores resultados de validacion que otras recomendaciones
existentes, al mostrar menor diferencia entre el radio base de la lente
propuesta con el de la lente finalmente adaptada (Capitulo 6.2) ayudando

a simplificar este proceso de adaptacioén.
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Este nuevo algoritmo se ha incorporado en una pagina web
(www.calculens.com) de libre acceso para ayudar a que cualquier
profesional interesado en la adaptacién de LC RPG pueda incorporarlo en
su practica profesional. Con el uso de Calculens.com y el protocolo de
adaptacién definido en esta tesis doctoral, aproximadamente tres cuartas
partes de las adaptaciones de LC RPG corneales en queratocono se realizan
en el nimero minimo de visitas definido por el protocolo (3 visitas) vy,
ademas, la diferencia entre el radio que propone el algoritmo y el que
finalmente se adapta es igual o menor a 0,70 mm en el 74% de las

adaptaciones realizadas en esta tesis.

Por ultimo, con el objetivo final de facilitar la diseminacion de los
resultados de esta tesis doctoral, se ha desarrollado una guia clinica basada
en la evidencia para adaptar LC RPG corneales en ojos con queratocono
(Capitulo 7) que aglutina el conocimiento generado en este proyecto de
investigacion. Ademas, se ha querido evaluar la guia bajo los estandares
del instrumento AGREE 11.'% Este instrumento permite evaluar la calidad de
guias clinicas propuestas en cualquier especialidad, proporcionando
estrategias metodoldgicas tanto para su desarrollo como para su
evaluacién que debe hacerse obligatoriamente por expertos externos,
ademas de establecer que informacién debe incorporar la guia y como
debe presentarla para garantizar su calidad. El instrumento AGREE Il ha
sido traducido a numerosos idiomas y utilizado en mas de 400
publicaciones considerdandose una herramienta robusta para garantizar la
calidad de una guia clinica. En esta tesis se ha contado con expertos que
dominan el castellano y el inglés por lo que se ha empleado el instrumento
AGREE Il en ambos idiomas sin necesidad de traducirlo (tanto en su

descripcion, instrucciones o cuestionario de evaluacion) lo que garantiza
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que no se han cometido errores de interpretacion en la lectura de este
instrumento. Sin embargo, la guia clinica se redacté en inglés y no se opto
por incluir una version en castellano en esta tesis para evitar errores en la
interpretacion del equipo investigador a la hora de traducir la guia. Este
aspecto puede tener un minimo impacto en la evaluaciéon de la guia ya
que los expertos castellano hablantes tienen un dominio del inglés

profesional que garantiza su capacidad como evaluador.

Finalmente, la guia propuesta muestra un razonable grado de acuerdo y
aceptacion por los profesionales encuestados que permite ser optimistas
sobre su futuro uso por parte de los profesionales de la visidén que adaptan

LC RPG en pacientes con queratocono.
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1.8. Conclusiones

Las conclusiones que se pueden extraer de esta tesis doctoral son las

siguientes:

1.

Los pacientes con queratocono tienen mejor calidad de vida
(cuestionario estandarizado NEI-VFQ-25) cuando usan LC RPG

corneales que cuando usan gafas.

El proceso de adaptacion de LC RPG corneales siguiendo un protocolo
estandarizado y basado en la evidencia, permite obtener una alta tasa
de éxito en la adaptacion al uso o porte de LC RPG tanto en sujetos

sanos (7 de cada 10) como con queratocono (9 de cada 10).

Las recomendaciones actuales que ofrecen los fabricantes y algunos
autores para adaptar LC RPG corneales en queratocono presentan
diferencias clinicamente relevantes entre el radio de la LC RPG
propuesto y el radio finalmente adaptado que obligan a realizar varios

cambios de lente de prueba hasta identificar el radio adecuado.

La practica clinica optométrica entre profesionales de Reino Unido y
Espafa es similar en el manejo del paciente con queratocono, siendo la

adaptacién en estos pacientes mas complicada que en 0jos sanos.
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5. La topografia corneal basada en discos de Placido proporciona
medidas repetibles en ojos con queratocono, pero existe una falta de
acuerdo entre la topografia de Placido y la de Placido-Scheimpflug que
impide que las medidas topograficas sean intercambiables en

pacientes con queratocono.

6. El uso de indicadores de aberraciones corneales, concretamente del
coma con un valor de corte de 0,377 um permite discriminar entre ojos
sanos y 0jos con queratocono lo que podria ser de gran utilidad en la

deteccion y clasificacion de los ojos con queratocono.

7. El nuevo nomograma para la seleccidon de los parametros de las LC RPG
en ojos con queratocono (Calculens.com) permite simplificar el
proceso de adaptacion, reduciendo la diferencia entre los parametros

de lalente probada y los de la lente finalmente adaptada.

8. La guia de adaptacion de LC RPG corneales en queratocono,
desarrollada bajo los estandares del consorcio AGREE-Il, permite
estandarizar y simplificar el proceso de adaptacion, reduciendo el
numero de LC, ya sean de prueba o pedidas al fabricante, necesarias
para completar la adaptacion de la LC RPG corneal adecuada en cada

caso.
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Capitulo 2: SUMMARY OF THE DOCTORAL THESIS - State of the art

2.1. State of the art

2.1.1. Definition, evolution and aetiology of keratoconus

Keratoconus (from the Greek képa-¢/-ato¢ <<cornea>> and from the
Latin con(um) <<cone>>) is a progressive and non-inflammatory
thinning corneal disorder that is characterized by a thinning and
steepening of the central and paracentral cornea, leading to protrusion.™
® This is a bilateral and asymmetric ectatic condition,® that causes high
myopia and irregular astigmatism, affecting patients’ visual quality.’
Keratoconus commonly appears during puberty, in the second decade of
life, and it progresses until the fourth decade of life, and then generally it
stabilizes,"® however its progression has recently been described in
patients older than 30 years.” The incidence of keratoconus varies from
50 to 230 per 100,000 in the general population (approximately 1 in
2,000 people),” * 8 although a recent study raises this prevalence up to

one case per 375 habitants.’

The aetiology of this disease is uncertain but is likely to be multifactorial,
involving a combination of genetic, biochemical, biomechanical and/or
environmental factors." 3 It is found to be more common in patients with
Down syndrome, ocular allergy, ethnic factors (Asian and Arabian),

mechanical factor (eye rubbing or floppy eyelid syndrome), atopy,
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connective tissue disorders (Marfan syndrome), Ehlers-Danlos syndrome

and Leber congenital amaurosis."?

2.1.2. Diagnosis of keratoconus

There are several ocular symptoms and signs of keratoconus that are
important in the diagnosis of this disease (Table 1), for example,
significant loss of visual acuity which cannot be compensated with
spectacles, increasing with-the-rule astigmatism, appearance of “scissor”
shadows while performing retinoscopy, distortion of keratometry mires,
characteristic topographic image pattern (Figure 1) or presence of
biomicroscopy findings (Figure 2) such as Fleischer’s ring, Vogt's striae,
corneal scarring, focal thinning, Munson'’s sign or corneal hydrops in late

stages.'®

Anterior Axial Curvature [D] n13375 | Figure 1.Typical appearance
of the keratoconic topographic

map.
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Refractive indicators:

e Myopia and irregular astigmatism (usually with-the-rule or oblique).
e Reduction of spectacle-corrected visual acuity at distance and near.
e Change in cylinder axis and power of astigmatic correction.

¢ Monocular diplopia and image ghosting.

Keratometry, ophthalmoscopy and retinoscopy signs:

e Irregular or scissoring retinoscopic reflex.

e Distortion of keratomety mires.

e Visualization of the shadow of the cone in the red reflex within the pupil area
during ophthalmoscopy (Charleaux’s oil droplet sign).

Biomicroscopy signs:

Prominent corneal nerves.

Vogt's striae, which disappear transiently on digital pressure.

Fleischer’s ring (iron ring).

Corneal scarring.

Focal thinning.

Munson Sign, inferior displacement of the lower lid on down gaze.

Corneal hydrops (late stages), a breakdown in endothelial function causing acute
epithelial corneal oedema followed by scarring.

e Rizzuti's sign, a bright reflection on the nasal area of the limbus when light is
directed to the limbus temporal area.

Topographic signs:'%'

e Focal steepening located in the cone protrusion zone surrounded by concentric
decreasing power zones.

e Characteristic topographic image pattern (bowtie pattern).

e Corneal astigmatism >1.50 D.

Cone vertex displaced toward the lower midperipheral region in either the

nasal or temporal quadrant.

Dioptric values > 47.2 D.

Inferior-superior asymmetry (in 3.0 mm zone) > 1.4 D.

Angling of the hemi meridians in the bowtie pattern > 20°.

Elevation of the posterior corneal surface (greater than 35 um).

Larger values of corneal aberration (especially coma value).

Other signs:'% 31>

e Central corneal thickness < 494 um (central keratoconus) or 503 um (non-central).
e Corneal biomechanics changes.
e Asymmetry of central corneal thickness between both eyes >10 um.

Table 1. Clinical and topographical signs in keratoconus detection.
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Figure 2. Clinical signs of keratoconus. A: Optical section of a cornea with
keratoconus; B: Vogt's striae; C: Fleischer’s ring and corneal nerves; D: Munson’s
sign.

2.1.3. Corneal topography

Although the clinical diagnosis of keratoconus in moderate or advanced
stages is not difficult due to the typical topographic pattern and the
characteristic clinical signs that this disease shows (Table 1); the
diagnosis in early stages can be a challenge. Keratoconus early detection
requires an in-deep corneal analysis with different techniques available
(topography/tomography).’® '®* One of the most important tools in
detecting and managing keratoconus is videokeratography (Placido-
based topographers), especially in primary care, because these devices

are one of the most extensively used in clinical practice.'” '2* However,
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at present, it is considered that a detailed analysis of the posterior
surface of the cornea is compulsory to complete the diagnosis of this
disease, especially in early stages." ?* Specifically, the elevation of the
posterior corneal surface has been proposed as an important sign of the
keratoconus, with cut-off values between 29-35 um for subclinical
keratoconus and 35-51 um for keratoconus diagnosis. Although these
cut-off values may vary depending on the device used in the analysis of

posterior corneal morphology.'® %2> 26

Among the devices that analyze the anterior and posterior corneal
surface highlight the corneal tomographers (Scheimpflug or mixed
devices combining Placido disk with Scheimpflug tomography)?-*° and

optical coherence tomographers of anterior segment (AS-OCT).3" 32

Recently, biomechanical and morphological properties of the cornea
have been proposed to detect the presence of keratoconus.>*** However
there is still controversy about cut-off values used,’ although several

devices, such as Corvis, show high values of sensitivity and specificity.

In the other hand, the analysis of corneal aberrations has also been
shown to be an effective tool for detecting keratoconus, as higher values
of vertical coma (<-0.116 microns)*’ and RMS coma-like (>1.50 um)3®

have been reported in keratoconus suspect and diagnosis.®’*

Also, several topographic indices have also been developed to detect the
presence of corneal irregularities to introduce objectivity in the
diagnosis, detection and follow-up of keratoconus.> % 1% 4447 There are
numerous indices proposed to conduct the diagnosis of keratoconus,
which are classified as univariate (single index; table 2) or multivariate

(combination of indices; table 3) detection indices. However, the main
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disadvantage of these indices is the high dependence of the corneal

topographer from which it has been developed. In addition, in many

cases these indices used large number of variables that hinder their

application in clinical practice.'

Index

K
central

SimK

SRAX

SAIl

SRI

CIM

MTK

CLMI

PCA®

SDSD

Description

Central Keratometry'"*®
Average value of corneal power for the rings with diameters
of 2,3 and 4 mm.

Simulated keratometry'**

Mean of the corneal powers of the of the flattest and most
curved meridians (ring diameters between 3 and 9 mm).
Inferior-Superior Value'

Power difference between five points of the inferior
hemisphere and five points of the superior hemisphere at
spatial intervals of 30° (3 mm central ring).

Skew of steepest radial axis*

Angle between the steepest semi-meridians situated above
and below the horizontal meridian in the same direction.
Surface asymmetry index**->°

Average value of the power differences between the points
spatially located at 180° from128 equidistant meridians.
Surface regularity index*:*'

Power gradient differences between successive pairs of rings in
256 equidistant semi-meridians (4.5 mm central).

Corneal irregularity measurement'®*

Standard deviation between the corneal surface and the best-
fit reference toric surface.

Mean toric keratometry'®>>

Elevation values of the cornea calculated by means of the best
adjustment to a toric reference surface.

Cone location and magnitude index*

Presence or absence of keratoconic patterns and determining
the location and magnitude of the curvature of the cone.

Predicted corneal acuity'® >

Optical quality in Snellen units in the central zone of the
cornea with 3 mm diameter.

Standard deviation of standard deviation of the radii of
curvature of each ring.?>%
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Normal Value

<47.2D

<14D

<200°

0.10a0.42D

<155D

0.03 t0 0.68
um

43.1t0459D

<45%
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Index

ACP

AA

Csl

DSI

Osl

1Al

ISV,

IVA,

Klp

CKilp

IHA,

IHD,

Rminy,

Description

Average corneal power'®*

Average power value of various points in the central corneal
region.

Analyzed area'®*’

Corneal area covered by the rings that can be analysed.

Centre surround index'®*

Difference in the average area-corrected corneal power
between the central corneal zone (3 mm) and a 3 mm annulus
surrounding the central area (3 to 6 mm).

Different sector index's*

Average power difference between sectors of 45° (8 equal
sectors) with the highest and lowest power.

Opposite sector index'®*’

Average power difference between opposing sectors of 45°.

Irregular astigmatism index'®

Variation of keratometric power between each ring along a
given meridian.

Index of surface variance'® %

Irregularity of curvature of the anterior corneal surface.

Index of vertical asymmetry'**

Degree of asymmetry between the curvature of the superior
cornea and the inferior cornea.

Keratoconus index'**

Calculated from other indices previously described in Placido
topography (DSI, OSI, CSI, SAI, 1Al, AA, SimK1 and SimK?2).
Center keratoconus index'**

Calculated to detect central keratoconus.

Index of height asymmetry'®*°

Difference between the mean elevation of the superior cornea
and the mean elevation of the inferior cornea.

Index of height decentration'®*

Degree of vertical decentration of corneal elevation data.

Smallest sagittal curvature'®*

Smallest sagittal curvature radius in the entire measurement
range.

Table 2. Topographic indices used for the detection of keratoconus.

2EyeVision devices "Oculus devices (Pentacam; Keratograph; Easygraph)
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Normal Value

40.5t046.7D

-0.28t0 0.80D

0.21t03.51D

-0.55t02.09D

0.19t0 049D

<37

<0.28

<1.07

<1.03

<19

<0.014

>6.71 mm
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Index

KISA%

KPI

KCl1%

KSI

Rabinowitz
&
McDonell

Chastang®

PathFinder
Corneal
Analysis®

BAD Il

Description

Derived from four indices: Central K, SIMK, I-S and
SRAX.#

Keratoconus prediction index*®*

Combination of 8 topographic indices (SimK1,
SimK2, OSI, CSI, DSI, SAI, 1Al and AA).

Keratoconus classification index (Klyce/Maeda)*
Derived from KPI and other four indices (DSI, OSI, CSI
y SimK2) which provides the probability (in percent)
of presence of keratoconus.

Keratoconus severity index (Smolek/Klyce)'®

Based on a neural network with 10 topographic
indices. Designed to calculate the severity of
keratoconus.

Derived from I-S, K central and asymmetry of K
central between both eyes.”®

Combines SDSD and Asphericity indices, developing
a primary decision tree.?*

System which combines three indices (CIM, MTK,
shape factor) to detect the presence of corneal
irregularities.’®>*

Belin/Ambrésio Enhanced Ectasia Display IIFP?
System which analyzes 9 indices and provides an
overall final evaluation based on the regression
analysis of each index.

Cut-off value
60%-100%
suspect

>100%
keratoconus

0.23

>0%

30%

I-S>1.4D
K>47.2D
Dif >1D

Index outside of
normal limits

Index outside of
normal limits

Index outside of
normal limits

Table 3. Systems based on multivariate indices which combine different topographic
indices for the detection of keratoconus and the cut-off values for diagnosis.

aEyeSys 2000 (EyeVision) PAtlas (Carl Zeiss) ‘Pentacam (Oculus)

2.1.4. Classification and progression of keratoconus

The classification of keratoconus in different stages improves the

diagnosis and the monitoring of the progression of the disease.

However, there is no clinically accepted classification that allows to

clearly distinguish between a healthy cornea and a cornea affected by

keratoconus (especially in the early stages) or between different stages
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of the disease." '® Generally, in the classification of keratoconus is often
used the combination of refractive clinical data, biomicroscopical signs,

corneal thickness and corneal topographic measurements.

Classically, the shape or location of the cone identified by corneal
topography has been used to classify keratoconus into several
categories. Based on the shape of the cone, keratoconus has been
classified as round or nipple type (cone diameter <5 mm), oval type
(cone diameter >5 mm) or globus type (cone diameter greater than 75%
of the cornea).?® > Also, it can be classified into central or paracentral,
based on the location of the cone,?® °® however this classification has
non-significant effect on the fitting of gas permeable (GP) contact lens

(CL).%°

The most accepted classifications for grading keratoconus severity are
the Amsler-Krumeich classification (Table 4),>” °® modified by Ali6 et al.3®
with the introduction of corneal higher order aberrations; and the
classifications developed by the Collaborative Longitudinal Evaluation of
Keratoconus (CLEK) based on keratometry readings (mild <45 D,
moderate 45-52 D and severe >52 D)*° or based on clinical and

topographical factors (KSS: Keratoconus Severity Score; Table 5).°

These classifications were proposed a few years ago and do not
incorporate the technological advances currently available for corneal
assessment."” '® Recently, a new tomographic method of classifying
keratoconus has been developed, called the ABCD Grading System scale
of Belin-Ambrosio (“A” for “anterior surface”; “B” for “back Surface”, “C”
for “corneal thickness” and “D” for “distance visual acuity”) only available

in Pentacam devices (Table 6).6% 6
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Eccentric steepening

Myopia and/or astigmatism < 5.00 D
Stage | Mean central K readings < 48.00 D
Vogt's striae, no corneal opacities
*RMS Coma-Like 1.50 to 2.50 um

Myopia and/or astigmatism from 5.00-8.00 D
Mean central K readings < 53.00 D

Stagel ll Absence of scarring

Minimum corneal thickness > 400 um

*RMS Coma-Like >2.50, <3.50 um

Myopia and/or astigmatism from 8.00-12.00 D
Mean central K readings > 53.00 D

Stage lll Absence of scarring

Minimum corneal thickness from 200-400 um
*RMS Coma-Like >3.50, <4.50 um

Refraction not measurable

Mean central K readings > 55.00 D
Stage IV Central corneal scarring

Minimum corneal thickness < 200 um
*RMS Coma-Like >4.50 um

Table 4. Amsler-Krumeich classification. *Modified by Ali6 et al.3®
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Unaffected - normal topography

No corneal scarring consistent with keratoconus
0 | No slit-lamp signs for keratoconus

Typical axial pattern

Average corneal power (ACP) <47.75D
Higher-order RMS error <0.65

Unaffected - atypical topography

No corneal scarring consistent with keratoconus

No slit-lamp signs for keratoconus

1 | Atypical axial pattern (irregular pattern; or asymmetric superior or

inferior bowtie; or inferior or superior steepening <3.00 D steeper than ACP)
ACP <48 D

Higher-order RMS error <1 pym

Suspect topography
No corneal scarring consistent with keratoconus
No slit-lamp signs for keratoconus
Axial pattern with isolated area of steepening (inferior, superior or central
steep pattern)
Additional features:
-ACP <49D
- Higher-order RMS error >1.00 and <1.50 um

Affected — mild disease
Axial pattern consistent with keratoconus
May have positive slit-lamp signs
3 | No corneal scarring consistent with keratoconus
Additional features:
-ACP <52D
- Higher-order RMS error >1.50 and <3.50 um

Affected - moderate disease

Axial pattern consistent with keratoconus

Must have positive slit-lamp signs

4 | Additional features:

- ACP >52D and <56 D

- Higher-order RMS error >3.50 and <5.75 um

- Corneal scarring and overall CLEK grade up to 3.0

Affected — severe disease

Axial pattern consistent with keratoconus

Must have positive slit-lamp signs

5 | Additional features:

- ACP >56 D

- Higher-order RMS error >5.75 um

- Corneal scarring CLEK grade 3.5 or greater overall

Table 5. Keratoconus Severity Score Ranking Scheme proposed by CLEK.>®

93




TESIS DOCTORAL: “Guia clinica para la adaptacion de LC RPG en queratocono”

A B C D
C'Ll\'ilig?a (3 m':‘anone) (3 mlr)'rljgone) p:chril;nmeesttry HOR Sl
A A
-
oges CCETT UEID w0
oges  CETTUEID aom P

Table 6. ABCD Keratoconus classification. ARC=Anterior radius of curvature in the 3
mm zone centered on the thinnest area; PRC= Posterior radius of curvature in the 3
mm zone centered on the thinnest area; BDVA=Distance best-corrected; Scarring: -
no scarring; + scarring, iris details visible; ++ scarring, iris obscured.

Currently, a criterion has been proposed to define the clinical
progression of keratoconus consisting of change in at least 2 of the

following parameters:'

a) steepening of the anterior corneal surface,
b) steepening of the posterior corneal surface, or

¢) thinning of corneal thickness.

This assumes that the measurement or detection of disease progression
depends directly on the accuracy and reliability of the devices used in

evaluating of the keratoconic cornea.’
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2.1.5. Management of keratoconus

Management of keratoconic patient can be performed with surgical and
non-surgical options (Figure 3), being non-surgical options the first
choice in these patients." > 8 In early stages of the disease, keratoconic
patients often achieve acceptable vision with spectacle correction, soft
CL with toric design® ®2 or GP CL with standard design.?® % % However,
when keratoconus progresses, an increase of irreqgular astigmatism and
corneal irregularities appears that cannot be corrected with traditional
ophthalmic lenses.> > % For this reason, GP CLs with specific design to
keratoconic eyes are the first option in keratoconic patient
management,’ & 18 20. 626569 hacause the tear layer between the CL and
the anterior corneal surface reduces visual distortion and forms a new

regular optical surface,’®”? thereby improving patients’ visual acuity.”® ®*

64, 65

Alternative option for fitting patients with advanced stages of
keratoconus or who have failed with GP CLs design for keratoconus have
been documented: these include piggy-back,”® hybrid CLs’* 7> or large
diameter GP CLs designs such as corneal-scleral or semi-scleral (between
3.0 to 6.0 mm larger than horizontal visible iris diameter or 12.9-14.9
mm), mini-scleral (up to 6 mm larger than horizontal visible iris diameter
or 15-18 mm) or scleral (more than 6 mm larger than horizontal visible

iris diameter or 18.1-25 mm).’¢78

Surgical procedures in keratoconus are performed either for optical
reasons or to provide tectonic support to the cornea or a combination of
these when patients develop CL intolerance, unsatisfactory vision with

any type of CL or progression of the disease (Figure 3 and 4)." 38
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KERATOCONUS MANAGEMENT

[
NON-SURGICAL OPTIONS

OBJECTIV
| |

SURGICAL OPTIONS

OBJECTIV

]

Reduce Restoration Restoration Enhancn‘ng Corneal
” e <t tectonic
eye rubbing of vision of vision " " replacement
integrity
Topical ——— Contact : Crosslinking Lamellar
. . Phakic IOLs
antiallergic Lenses keratopla
medication | ICRS i ICR: iy et;ti:t;l
Soft amellar
Eye lubricants CorcealiGh PRI/ PTK keratoplasty keratoplasty
Piggy Back
Scleral
Hybrid

Figure 3. Surgical and non-surgical options in keratoconus management.

KERATOCONUS

PROGRESSIVE | | STABLE
| I
I | | |
CL tolerance CL intolerance or CL tolerance CL intolerance or
with satisfactory unsatisfactory with satisfactory unsatisfactory
vision vision with CL vision vision with CL
I | :
CXL+GP CLs / f:’;t:f:: GP Cls / - d':'r'::e":tage Severe stage
Other CLs
CXL+10L Other CLs
ICRS | No scarring | | Scarring ‘
PRK
PTK . DAK || Pk
10L

Figure 4. Management of keratoconus based on evolution or progression of
disease.”®

Corneal collagen cross-linking (CXL) is a surgical technique which
combines riboflavin and ultraviolet-A light to slow or halt the
progression of the disease.” 7° CXL forms chemical bonds within the
corneal stroma resulting in corneal strengthening and it is indicated

when clinical progression in keratoconic corneas exists.” 7 This
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technique allows the increasing of corneal rigidity and biomechanical
stability.® CXL is not indicated in corneas with corneal thickness less

than 400 um,”® 8! being uncommon in patients older than 40 years.'

Intracorneal ring segment (ICRS) implantation is controversial' being
indicated when keratoconic patient presents CL intolerance or
unsatisfactory vision with any type of CL. This technique consists in the
implantation of one or two synthetic segments in the corneal stroma to
reshape its abnormal shape." 8% The types of ICRS more used in the
clinical practice are Keraring (Mediphacos) and Intacs (Addition
technologies).2?®* The aim of this technique is to regularize the corneal
geometry in an attempt to improve visual acuity and CL tolerance and
decrease the irregular astigmatism.®> & |CRS are recommended to treat
mild and moderate cases of keratoconus, inasmuch as a minimum
corneal thickness of 450 um in the incision area and absence of corneal

scarring are required.* 8 %

However, there is limited evidence for these techniques because of the
lack of properly conducted randomized control trials with longer follow-
up to provide higher levels of evidence on their effectiveness? In
addition, following these procedures, in most cases the fitting of GP CL is

still necessary to achieve a good vision in keratoconic patients.®

Others surgical procedures have been described in keratoconic patients
with intolerance or unsatisfactory vision with CLs involving ablative
procedures (LASIK® or photorefractive keratectomy (PRK) in
combination with CXL,%" 8 phototherapeutic keratectomy (PTK) used to
regularize the corneal shape and eliminate corneal opacities® %) or

additive techniques such as posterior or anterior chamber phakic
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intraocular lenses.®” %2 Nevertheless, these surgical options are

uncommonly used."®

Finally, the corneal graft is indicated in advanced stage of the disease
which cannot be successfully managed with CL." * Deep anterior
lamellar keratoplasty (DALK) is indicated in keratoconic patients who
have transparent corneal as the superficial corneal layers are removed
remaining Descement’s layer and endothelium intact. DALK would be
more preferred in patients with keratoconus because of the absence of
risk of rejection." 9% Last, penetrating keratoplasty (PK; entire thickness
of the cornea is removed and replaced by transparent corneal tissue) is
considered where endothelial dysfunction, deep corneal scarring or
corneal hydrops is present.” % % |t is estimated that 12% of keratoconic

patients required PK.*®

2.1.6. GP contact lenses in keratoconus

GP CLs are the first option in keratoconus patient management to
rehabilitate vision and improve patients’ quality of life.” & 18 62 6569 The
fitting process of GP CLs aims to improve visual acuity, with the
maximum possible comfort and respect of the ocular physiology,®* ¢
would permit surgical procedures to be postponed or avoided entirely.®
® Fitting GP lenses in keratoconus patients and achieving an acceptable
fit is considered a challenging for eye care practitioners, requiring more
trial lenses than standard GP fitting, due to central and paracentral
corneal steepening, corneal thinning, irregular corneal topography and

irregular astigmatism.'”- 18 20,21,62,65,67
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Classically, three GP fitting philosophies for keratoconus have been
described:*® apical touch, three-point-touch and apical clearance. Three-
point-touch (or divided support) philosophy is the most widely-accepted
and safest modality of GP CL fitting in keratoconus.®® %% (Table 7; Figure

4).

Figure 4. Fluorescein
pattern of three-point-
touch philosophy.

GP CLs manufacturers generally provide lenses specifically designed to
keratoconus corneal shape, either with corneal, semi-scleral, or scleral
designs.!818.20.62,6567 Corneal GP lenses are the first option to fit in these
cases, using the other designs for the cases in which corneal design fails.
Corneal GP designs usually incorporate a greater number of peripheral
curves, different optical zone diameter or aspherical peripheral bands,

with the intention of seeking a match with the keratoconic cornea.®®

Manufacturers of GP CLs generally provide guidelines for selecting the
parameters of the lens in keratoconus eyes [generally the back optic
zone radius (BOZR)] based on the anterior corneal curvature (provided

by manual keratometry or corneal topography). So, this procedure often
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requires a long practitioner and patient chair time in order to achieve

optimal fit, inasmuch as changes in the parameters of the lens are still

needed, which increases the number of diagnostic and ordered CLs

required for these patients'’ '8 6> 68 6999 compared with GP fitting in

healthy eyes. For this reason, the fitting GP CL in keratoconic patients is

considered a challenge by eye care practitioners.'’- 18 20.21.62,65,67

ADVANTAGES

DISADVANTAGES

Apical clearance

Minimise apical
scarring

Minimal corneal
oedema (swelling)

Minimal corneal
punctate staining

Poor tears exchange
Dimple veiling

Paracentral corneal
molding

Reduced VA and
flare

Apical touch Three-point-touch

The weight of the lens is
distributed over a larger
area of the cornea

Easiest to achieve Easier to achieve than
Better visual acuity apical clearance

Minimise corneal scarring
compared to apical
bearing lenses

Corneal molding Timing for follow-up is

Corneal abrasions critical to monitor the area

Apical scarring of central touch

Table 7. Advantages and disadvantages of three GP fitting philosophies in
keratoconus.
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2.2. Motivation

In conclusion, it is widely described in the literature that corneal GP CL is
the first choice in keratoconus management." 8 '8 62 6569 Although these
lenses not slow or halt the progression of the disease,? it is demonstrated
that its use helps to delay the need for surgery® ® in these patients

improving their quality of life.’% 1

However, GP CLs fitting is challenging because an increased number of
diagnostic and ordered lenses and longer practitioner and patient chair
time are required to achieve a final acceptable GP CL fit.'- 18 20.21,62,65,67-69,99
Several authors have proposed the use of specific software based on the
analysis of corneal topography to calculate the parameters of the GP CL in
keratoconus eyes.'” '® Nevertheless, these software have not demonstrated
a relevant reduction in the number of diagnostic lenses used' and
represent a technological dependence on a specific model or device,

which may limit its widespread use by eye care professionals.

Finally, classic studies'® propose that almost 70% of patients with
keratoconus who attend a specialized consultation to perform a corneal
transplant can be correctly managed with GP CLs. This clearly indicates
that it is necessary to simplify and improve the GP CLs fitting process to

provide the best management to patients with keratoconus, in order to
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reduce the number of patients who need an invasive surgical option,® 1%
which may be associated with greater number of complications and

financial cost for patients and health systems.'**

Therefore, this doctoral thesis aims to develop an evidence based clinical

practice guidelines that allows:

To standardize the corneal GP CL fitting process in patients with
keratoconus identifying the visits necessary to achieve optimal fit and
the criteria to select and modify the parameters of the lens that can be

applied by any professional.

To simplify the corneal GP CL fitting process in patients with
keratoconus by providing a method to calculate the parameters of the
first diagnostic lens which reduces the difference between the
parameters of the first diagnostic lens proposed with the final lens

prescribed.

To reduce the time needed to complete the corneal GP CL fitting for
the professional and the patient, reducing the number of diagnostic

and ordered lens, to achieve the appropriate GP CL in each case.

To provide the best visual rehabilitation in keratoconic patients, in a
safe and effective way, minimizing the impact of the disease on their

quality of life.
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2.3. Hypothesis

It is possible to standardize the corneal GP CL fitting in patients with
keratoconus developing an evidence-based clinical practice guideline
whilst reducing the patient and practitioner chair time ensuring a safe
fitting procedure that provides better visual rehabilitation of these

patients.

103






Capitulo 2: SUMMARY OF THE DOCTORAL THESIS - Objectives

2.4. Objectives

General objective:

To develop an evidence-based clinical practice guideline to standardize
and simplify corneal GP CLs fitting in keratoconic patients in a safe and

effective way.

Specific objectives:

1. To quantify the impact of refractive correction (spectacles or corneal
GP CLs) on the vision-related quality of life obtained with the
standardized questionnaire NEI-VFQ-25 in keratoconic patients in order

to identify the best visual rehabilitation in these cases. Chapter 3

2. To standardize the corneal GP CL fitting process, identifying the visits
required to achieve optimal fit and determining the percentage of
successful GP CL fitting in healthy subjects and keratoconic patients.

Chapter 4.1

3. To determine the possible differences between the BOZR of GP CL
following the manufacturer's recommendations with the BOZR of GP

CL finally prescribed. Chapters 4.2 and 6.3
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4. To analyse the current optometric practices and attitudes in the

7.

management of keratoconus patients in the UK and Spain. Chapter 4.3

To determine the reliability and usefulness of corneal topography in
the GP CL fitting process in keratoconic eyes by quantifying the
repeatability (Placido-based topography) of topographic values and
the measurement of the corneal aberrations of the anterior corneal
surface  and the agreement between different topographic
technologies (Placido-based versus Scheimpflug-Placido devices).

Chapter 5

To propose new cut-off values of corneal aberrations to improve the
criteria used in the detection and classification of keratoconic eyes.

Chapter 6.1

To develop and validate a clinical practice guideline for corneal GP CLs
fitting under the standards of the AGREE-Il consortium in order to
reduce the time needed to complete the fitting process and the
number of diagnostic and ordered lenses necessaries to achieve the

optimal GP CL in keratoconic eyes. Chapter 7
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The methods used in this doctoral thesis are overview described in this
section. A detailed description of the methods used in each study, are

provided in Chapters 3, 4, 5, 6 and 7 of this thesis.

2.5.1. Subjects and patients

This research project was approved by the Human Sciences Ethics
Committee of the University of Valladolid. Informed consent was obtained
from each subject, and all subjects were treated in accordance with the

Declaration of Helsinki.

In general terms, this research project has involved 74 patients with
keratoconus, 115 healthy subjects, 464 eye-care practitioners (optometrists
/ CL opticians) and 9 experts in CL fitting in keratoconus corneas. In
addition, a retrospective analysis of more than 500 CLs fitting performed
by the Optometry Group of the IOBA Eye Institute (University of Valladolid,

Spain) was conducted.

The diagnoses of keratoconus were confirmed after a completed eye
examination, which included Scheimpflug topographical analysis and

biomicroscopy examination by independent corneal specialists from IOBA
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Eye Institute and the Department of Ophthalmology of the Valladolid
University Hospital. Patients with any active ocular-surface disease, use of
medication that could affect ocular physiology, and a history of any type of
ocular surgery were excluded. Moreover, in the studies described in
Chapters 3, 4.1, 4.2 and 6.2, keratoconic patients should also be corneal

GP wearers and should not present any contraindications to wearing CL.

Control group was formed by healthy subjects without active ocular
surface disease, corneal opacities, glaucoma, use of medication that could
affect ocular physiology, or a history of any type of ocular surgery.
Specifically, healthy subjects in Chapter 3 should be CL wearers (soft or GP
CLs); in Chapter 4.1 healthy subjects should be CL wearers (soft or GP CLs)
or should be started the fitting process with GP diagnostic lenses and
finally, in Chapters 4.2 and 6.1 healthy subjects should be corneal GP CL

wearers.

Chapter 4.1 contains a retrospective analysis that included 232 CL fittings
(soft or GP) started and completed by the IOBA Optometry Unit (from 2010
to 2014).

In Chapter 4.3, a total of 464 eye-care practitioners who completed the
questionnaire designed for this study were included (126 optometrists and

CL opticians in the UK and 338 optometrists in Spain).

Finally, the Chapter 7 includes the development and evaluation process of
the clinical practice guideline for the corneal GP CL fitting in which a team
of nine experts belonging to different national (Universidad Complutense
de Madrid, Universidad Europea de Madrid, and Universidad de Alicante)
and internationals universities [Plymouth University (United Kingdom),

University of New South Wales, Sydney (Australia), University of Minho
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(Portugal), and Universita del Salento (Italy)] as well as non-university
professional clinics [Hospital Oftalmar (Spain), Novolent-Novovisidon
(Spain), Visser Contactlenzenpraktijk (The Netherlands), and Orriss & Low
Optometrists (United Kingdom)] have been participated. The
recommendations of the AGREE-Il consortium have been used for the
development and assessment of the clinical practice guideline proposed in

this thesis.'%>

Table 8 summarizes the number of subjects and patients included in the

different studies that compose this research project.

Chapter Healthy Keratoconus
3 25 subjects 25 patients
4.2 40 eyes (40 subjects) 40 eyes (22 patients)
5.1 25 eyes (25 subjects) 25 eyes (25 patients)
5.2 36 eyes (36 subjects) 36 eyes (36 patients)
5.3 56 eyes (56 subjects) 56 eyes (33 patients)
54 70 eyes (70 subjects) 77 eyes (45 patients)
6.1 50 eyes (50 subjects) 85 eyes (49 patients)
6.2 - 81 eyes (46 patients)

Table 8. Number of eyes, subjects and/or patients included in each chapter.

2.5.2. Contact Lenses

In this research project, several designs of GP CLs have been used

depending on the nature of each study that can be summarized in:

- KAKC GP [Conoptica (Spain) / Hecht Contaclinsen (Germany)]: corneal
GP CL with specific design for keratoconus (spherical pentacurve)
(Table 9). Toric design or individual periphery design were excluded.

This GP CL design has been used in Chapters 3, 4.1, 4.2, 6.1 and 6.2.
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- BIAS-S GP [Condptica (Spain) / Hecht Contaclinsen (Germany)]: Corneal
GP CL with rotationally symmetric bi-aspheric design (Table 9) used in
healthy subjects in the studies described in Chapters 4.1, 4.2 and 6.1.

KAKC BIAS-S
Manufacturer Conoptica-Hecht Contactlinsen
Design Spherical pentacurve Rotationally symmetric bi-aspheric
Power (D) +30.00 D (0.25 steps) +30.00 D (0.25 steps)
BOZR (mm) 4.80 to 8.90 (0.05 steps) 6.50 to 10.00 (0.05 steps)
T°ta'(:]'::)"ete' 8.40 t0 12.20 (0.10 steps) 7.00 t0 12.20 (0.10 steps)
Standard total 9.20 9.60

diameter (mm)
Material Boston ES/EQ/EOQ/XO/X02

Table 9. CL design description (KAKC design used in keratoconic eyes and BIAS-S design
used in healthy eyes).

2.5.3. Instrumentation

The following instrumentation was used in this project:

- Allegro-Topolyzer (WavelLight Technologie AG, Alcon Laboratories,
Erlangen, Germany) / marketed by Oculus under the name Oculus
Keratograph (Oculus Optikgerate GmbH, Wetzlar, Germany)
[Examination Software version 1.76r45 FW1.19]. Corneal topographer
based on the Placido disk system supported by 22 rings and generates
high-resolution data of the anterior corneal surface with 22,000 data
points. This device has been used in Chapters 4.2, 5.1, 5.2, 5.3, 5.4, 6.1
and 6.2.

- APEX® CL fitting software (version 1.1.0.6). This software has been
developed by Hecht Contactlinsen in association with Oculus and it

proposes a first trial GP lens according to the values of topographical
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simulated keratometry readings and corneal eccentricity of Oculus
Keratograph, and it displays a simulated fluorescein pattern of the
specified GP design to aid the fitting procedure. This software has been

used in Chapters 4.2, 6.1 and 6.2.

- Galilei G4 (Ziemer, Port, Switzerland) (Software version V6.0.3). Corneal
topographer/tomographer that has a rotating dual-Scheimpflug
camera integrated (located 180 degrees apart to compensate for error
associated with scans at an oblique angle) with a Placido disk (20
monochrome rings, 200 mm diameter). It analyzes more than 122,000
data points per each complete scan to measure the anterior and
posterior corneal surfaces. This device has been used in Chapters 5.3

and 6.1.

- Orbscan Il (Bausch & Lomb, Rochester, New York, USA). Corneal
topographer based on slit-scanning system for 3-dimensional
reconstruction of corneal shape using the analysis of the anterior and

posterior corneal surfaces. This device has been used in Chapter 6.1.

- Helmholtz keratometer (OM-4, Topcon, Japan). This device allows
measuring simultaneously the radii of curvature of the main corneal
meridians of the anterior corneal surface (in millimeters and diopters).

This keratometer has been used in the Chapters 4.1, 6.1 and 6.2.

2.5.4. Questionnaires

Three questionnaires have been used in this research project to carry out

different studies:
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- The National Eye Institute-Vision Function Questionnaire (NEI-VFQ-
25).'% This questionnaire is a specifically developed to measure the
vision-related quality of life (VR-QolL). NEI-VFQ-25 consists of 25
questions that are easy to understand and answer, which are oriented
to evaluate 11 vision-dependent domains and one general health
domain, including the following: ocular pain, near vision, distance
vision, vision-specific social function, vision-specific mental health,
general vision, vision-specific role difficulties, vision-specific
dependency, driving, color vision and peripheral vision. This
guestionnaire has been used in Chapter 3 to evaluate the VR-QoL of

keratoconic patients with GP CLs and spectacles.

- Questionnaire of optometric practice and attitudes in the
management of patients with keratoconus. A questionnaire was
specifically designed for Chapter 4.3 to investigate the practice and
attitudes of eye-care practitioners in relation to keratoconic patients
management in UK and Spain. A link to the online survey (in English
and Spanish languages) was distributed by various professional
organizations: General Optical Council, Association of Optometrists
(including in the online version of the journal Optometry Today) and
British Contact Lens Association (via social media) in the UK and

different Spanish Colleges of Optometrists in Spain.

- The Appraisal of Guidelines for Research and Evaluation (AGREE II)
instrument.'® This instrument and its specific questionnaire has been
used in Chapter 7 to develop and assess the evidence-based clinical
practice guidelines to fit corneal GP CL in keratoconus. It is an appraisal
tool and validated instrument to provide a framework for assessing

quality of clinical practice guideline. Consisting of 6 domains covering
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23 key items which are scored on a scale of 1-7, with 1 being strongly
disagree and 7 being strongly agree. A quality score is calculated for
each of the six domains included in AGREE Il, obtaining an overall score
with the experts' responses that offers the value of the methodological

quality of the proposed guide.

2.5.5. Statistical Analysis

The statistical analysis of this research project was performed using SPSS
for Windows software (version 15.0; SPSS, Inc., Chicago, IL). Additionally, a
Rasch analysis of NEI-VFQ-25 with the algorithm proposed by Massof was
used in Chapter 3.'%”

A normal distribution of variables was assessed using the Kolmogorov-
Smirnov test in all studies of this research project (P values greater than

0.05 indicated the data were normally distributed).

Each chapter of this thesis describes in detail the statistical analysis used,
identifying the tests used for descriptive analysis (mean, standard
deviation, 95% confidence interval, maximum and minimum range,
median, mode, interquartile range, etc.) as inferential (identifying the test
used and its statistical significance to determine correlations, differences,
establish models, etc.) as well as other mathematical methods used such as
Bland-Altman analysis, coefficient of variation, repeatability, precision or

intraclass correlation coefficient.
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This section summarizes the main results found in the studies that
compose this doctoral thesis. A detailed description of the results is

provided in each chapter.

Chapter 3. The influence of the refractive correction on
the vision-related quality of life in keratoconus patients

Keratoconus patients showed a lower VR-QoL impairment (p<0.01) than
healthy subjects in the total and all subscale score of NEI-VFQ-25 related to
wearing spectacles. With CL correction, keratoconus patients showed a VR-
QoL improvement with statistically significant differences (p<0.04) in only
four subscales including distance activities, mental health, color vision and

peripheral vision, compared with healthy subjects.

In the keratoconus group, compared to spectacle use, GP CL wear
improved the VR-QoL global score (p=0.01) and in all subscales except for
ocular pain (p<0.01) and mental health (p=0.25). The spectacles score was
significantly worse for a high keratoconus severity stage (p<0.01 Kruskal-
Wallis ANOVA). However, the GP CL score showed non-significantly
different (p=0.06 Kruskal-Wallis ANOVA) between different keratoconus

severity stage.
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Chapter 4. Currently GP CL fitting process in keratoconus

4.1. Success of rigid GP CL fitting

This retrospective study included 232 subjects (61.2% women and 38.8%
men) who started a fitting procedure for any type of CL performed by the
Optometry research group. Of these fittings, 71.6% were refractive
prescriptions (myopia, hyperopia, or regular astigmatism correction) and
28.4% were therapeutic prescriptions (ocular pathologic condition,
irregular cornea, paediatric subjects, cosmetic, or prosthetic fitting and

orthokeratology).

Refractive Prescriptions (Healthy Subjects)

A total of 166 subjects (68.7% women and 31.3% men) required a type of
CL for refractive reasons. Of these refractive fittings, 88 subjects (53%) were
initially fitted with GP CLs and 61 (69.3%) completed a successful GP fitting
wearing their GP CL 7.61 = 1.54 hours per day. Within this group, a
different percentage of successful fits were found for neophyte (72%),

previous soft lens wearers (62%), and previous GP wearers (92.3%).

Therapeutic Prescriptions

A total of 66 subjects (42.4% women and 57.6% men) were fitted with any
type of CL for therapeutic reasons (63.6% for irregular cornea, 56.1% for
keratoconus, 4.5% after refractive surgery or keratoplasty, and 3% for other
conditions, such as eye trauma, and 28.8% for orthokeratology, 4.6% for
paediatric cases, and 3% for cosmetics-prosthetic reasons). Of these
therapeutic fittings, 61 subjects were initially fitted with GP CLs and 59
(96.7%) completed a successful GP fitting.
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4.2. Rigid GP CL fitting using new software in keratoconic eyes

BOZR proposed by APEX® software showed good repeatability in healthy
(CV=0.32%) and keratoconus eyes (CV=0.51%). APEX® proposed flatter
BOZR than the diagnostic method in healthy (7.91+£0.24 and 7.84+0.26
mm, p<0.01) and keratoconus eyes (7.34+£0.38 and 7.23+£0.37 mm, p<0.01).
A strong linear correlation in healthy [BOZR_Diagnostic_Method =
(BOZR_APEX® x 1.06) — 0.53; p<0.01 R?=0.969] and keratoconus eyes
[BOZR_Diagnostic_Method = (BOZR_APEX® x 0.88) + 0.77; p<0.01
R?=0.825] was found.

A detailed analysis showed a similar trend in different keratoconus stages
(Amsler-Krumeich classification); stage#1: 7.42+0.30 and 7.40+0.25 mm,
BOZR_Diagnostic_Method = (BOZR_APEX® x 0.81) + 1.38; R°=0.973,
stage#2: 7.30+0.44 and 7.23+0.38 mm, BOZR_Diagnostic_Method =
(BOZR_APEX® x 0.84) + 1.07; R*=0.929 and stage#3: 7.33+0.39 and
7.11£0.40 mm, BOZR_Diagnostic_Method = (BOZR_APEX® x 0.93) + 0.28;
R?=0.831).

Applying these regression formulas, the BOZR difference could be reduced
in healthy (-0.01+£0.05 mm) and keratoconus eyes (-0.01+0.14 mm) for each
keratoconus stage (+0.01+0.04; +0.03+0.10 and +0.02+0.16 mm in stages

#1, #2 and #3, respectively).
4.3. Current optometric practices and attitudes in keratoconus
patient management

464 eye-care practitioners (126 in the UK and 338 in Spain) who prescribed
GP CLs more than once per month (54.8% of UK practitioners and 28.1% of

practitioners in Spain; p<0.01) responded to the questionnaire. A
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combination of multiple factors is considered necessary in the keratoconus
detection (79.4% in the UK, 75% in Spain; p=0.68), and the use of
classification criteria is considered relevant (67.5% in the UK, 70.7% in

Spain; p=0.49).

There is a high consensus on the consideration that GP CL fitting is more
difficult in keratoconus (79.4% in the UK, 80.5% in Spain; p=0.79) requiring
more diagnostic lenses (3.2+1.4 and 3.4+£1.2 in the UK and Spain,

respectively; p=0.72) than are necessary for GP CL fitting in healthy eyes.

Using corneal topography is uncommon in both countries (38.1% in the
UK, 59.8% in Spain; p<0.01), with a similar ophthalmologist referral pattern
(at initial diagnosis, 50% in both the UK and Spain; p=1.00). Finally, few
cases of co-management with ophthalmologists were noted (no co-

management reported by 60.3% in the UK and 72.8% in Spain, p=0.01).

Chapter 5. Usefulness of corneal topography in GP CL
fitting in keratoconic eyes

5.1. Repeatability of Placido-based corneal topography in
keratoconus

Healthy eyes showed lower topographic values (p<0.05) than keratoconus
eyes, except with regard to the RMin index value. Corneal diameter
(p=0.45) was similar in both groups. All variables showed good coefficients
of variation (CV) in healthy and keratoconus eyes [corneal dioptric power
in the steepest meridian (0.21% and 0.47%, respectively), corneal dioptric
power in the flattest meridian (0.19% and 0.36%), maximum corneal power
point (0.22% and 0.77%), corneal diameter (0.27% and 0.33%), ISV (4.82%
and 3.10%), IVA (7.05% and 3.80%), Kl (0.29% and 0.72%), Rmin (0.53% and
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0.78%), and aberration coefficient (0% and 4.00%)] except for the
eccentricity (CV=5.79% and CV=14.53%, respectively). Statistically
significant difference (p<0.05) between healthy and keratoconus groups
were found for all variables in CV, except with respect to the maximum

corneal power point, eccentricity, corneal diameter, Kl and Rmin (p>0.07).

5.2. Repeatability of wavefront aberration measurements with a
Placido-Based topographer in normal and keratoconic eyes

The repeatability of corneal wavefront aberration provided by the Allegro
Topolyzer was better in keratoconus than in healthy eyes. Zernike
coefficients were significantly different between the healthy and

keratoconus group (p<0.03) exceptin Z*';, Z*3;, Z* and Z*,.

In the healthy group, Sw was 0.031 um or less, CV ranged from 6.49%
(spherical aberration) to 37.18% (secondary astigmatism), and ICCs values
ranged from 0.227 to 0.982. In the keratoconus group, Sw was 0.059 um or
less, CV ranged from 2.06% (HOAs Total RMS) to 25.82% (tetrafoil), and ICCs
values ranged from 0.839 to 0.996.

Regarding to the keratoconus stages (Amsler-Krumeich classification), the
repeatability of Zernike coefficients tended to improve with increasing
keratoconus stage in coma, trefoil, coma-like and 3rd, 4th, HOA and Total

RMS-value.

5.3. Agreement of corneal measurements between dual rotation
Scheimpflug-Placido system and Placido-based topography
device in normal and keratoconus eyes

The Allegro-Topolyzer underestimated all topographic values (except Jss

and corneal diameter in healthy eyes; and J,, maximum corneal power
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point and corneal diameter in keratoconus eyes) compared to the Galilei-
G4 tomographer. Astigmatism (in healthy group), FlatK (in keratoconus
group), axis (in keratoconus group), Jo, Jas and corneal diameter showed

statistical significant differences (p<0.05).

Healthy eyes showed better agreement (95% limits of agreement: average
central corneal dioptric power -0.13 to 0.40 D; corneal dioptric power in
the steepest meridian -0.30 to 0.59 D; corneal dioptric power in the flattest
meridian -0.29 to 0.51D; astigmatism -0.60 to 0.64 D; axis -17.81° to 26.56°;
Jo -1.15 to 1.13 D; Jss -1.10 to 1.20 D; maximum corneal dioptric power
point -0.70 to 1.17 D and corneal diameter -0.96 to 0.76 mm) than
keratoconic eyes (average central corneal dioptric power -2.84 to 4.55D;
corneal dioptric power in the steepest meridian -2.80 to 5.21 D, corneal
dioptric power in the flattest meridian -3.68 to 4.70 D; astigmatism -1.90 to
295 D; axis -28.22° to 27.89° J, -2.85 to 3.20 D; Jss -3.21 to 3.05 D;
maximum corneal dioptric power point -7.00 to 4.51 D and corneal

diameter -1.00 to 0.88mm) for all topographic values.

5.4. The usefulness of the anterior coma aberration in
keratoconus severity classification

Keratoconus eyes showed (2.294 £ 0.137 pm, Cl 95% 2.020-2.567) higher
coma value (P<0.01) than normal group (0.173 = 0.009 pm, Cl 95% 0.154-

0.193). A cut-off value of 0.377 um shows 100% sensitivity and 100%

specificity to discriminate between keratoconus or normal eyes.

Moreover, coma value increases with keratoconus severity; stage 1 (0.948 +
0.069 um, Cl 95% 0.803-1.093), stage 2 (2.062 £ 0.103 pm, Cl 95% 1.853-
2.279) and stage 3 (3.646 £ 0.135 um, Cl 95% 3.368-3.925) (P<0.01 post hoc

comparison) with cut-off values of 1.466 um to discriminate between stage
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1 or 2 (90% sensitivity and 100% specificity) and 2.790 um between stage 2
or 3 (92% sensitivity and 83.3% specificity).

Chapter 6. Development of a new algorithm to simplify
the GP CL fitting in keratoconus

6.1. New web-based algorithm to improve rigid GP CL fitting in
keratoconus

Thirty-five keratoconus eyes were included in the retrospective phase to
calculate the new algorithm to select the parameters of diagnostic lens in
keratoconus eyes. A new predicting algorithm was defined (R?=0.825,
p<0.01) using a multiple regression analysis (stepwise regression). The new
algorithm highly correlated with the final BOZR fitted (R*=0.825, p<0.001
multiple regression analysis) and it was included in an open access website

(www.calculens.com).

Fifty new keratoconus eyes were enrolled in the clinical validation of the
new algorithm (prospective study). BOZR of the first diagnostic lens
calculated with the new algorithm demonstrated lower difference with the
final BOZR prescribed (-0.01+0.12 mm, p=0.65; difference between BOZR
calculated and prescribed was <0.05 mm in 58% of the fittings) than BOZR
calculated with the manufacturer guidelines (+0.12+0.22 mm, p<0.001;
26% difference<0.05mm) and proposed by APEX® software (-0.14+0.16
mm, p=0.001; 34% difference<0.05mm). Using Calculens.com close
numbers of diagnostic lens (1.6+£0.8, 1.3+0.5; p=0.02), ordered lens
(1.4+£0.6, 1.1£0.3; P<0.001), and visits (3.4%+0.7, 3.2+£0.4; p=0.08) were

required to fit keratoconus and healthy eyes, respectively.
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6.2. GP CL fitting in keratoconus: comparison of different
guidelines to BOZR calculation

BOZR fitted in 81 keratoconic eyes were recorded and compared with the
BOZR calculated following ten different guidelines identified after a

literature review to fit GP CL in keratoconus.

BOZR proposed by all guidelines correlated with the final BOZR fitted
(R*>0.71; p<0.01). Statistically significant difference was found between
the BOZR suggested by all guidelines with the BOZR prescribed (p<0.05),
except using Calculens.com, guidelines following Centre of Contact Lens
Research (University of Waterloo, Canada)® and K mean calculation
(P=0.11). Calculens.com showed the best agreement (mean difference of
0.00 = 0.12 mm) and 50.6% of cases showed differences <0.05 mm with
BOZR prescribed. One of the recommendations®” showed a difference of -
0.38 £ 0.22 mm with the BOZR prescribed and only 3.8% of the cases

presented differences <0.05 mm with final BOZR.

Chapter 7. Clinical practice guideline to fit GP CLs
in keratoconus

This chapter presents the evidence-based clinical practice guideline that
has been developed in this doctoral thesis to fit corneal GP CLs in
keratoconus following the recommendations proposed by the Agree
Consortium (Agree Il Instrument).'® This clinical practice guideline has
been evaluated by 9 independent, national and international experts with

extensive experience in CLs fitting.

The proposed guideline has achieved satisfactory results in all domains

evaluated with the Agree Il Instrument (scope and purpose 89%,
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stakeholder involvement 74%, rigor of development 84%, clarity of
presentation 89%, applicability 72% and editorial independence 88%) and
overall guideline assessment (85%). These results allow that developed
guideline could be strongly recommended for the management of

patients with keratoconus with corneal GP CLs.
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This section presents a brief discussion of the main findings of this doctoral
thesis in a global way. A detailed discussion is included in each chapter

that are included in this research project.

It is widely described in the literature that the GP CLs represent the first
option in the keratoconus management." & 18 62 6569 The Chapter 3 has
demonstrated that the quality of life of these patients with GP CLs wear is
better than spectacles, being similar compared with healthy subjects
without any pathology. These results underscore the importance of
adopting a comprehensive approach to the examination and care of
patients with keratoconus, highlighting the need for GP CL fitting in the
management of these patients. Moreover, this study emphasizes the need
to consideration the optical correction (spectacles or CL wear), so a clear
definition of the refractive correction should be included in the subject
description'® 101 198113 in studies which evaluates the effectiveness of any
technique based on the visual acuity in order to collect more reliable,

comparable and objective information.

On the other hand, the GP CLs fitting process in these patients is
considered a challenging for eye care practitioners (Chapter 4.4).'” '8 20.21.

62,65, 676999 Thjs premise is in line with the results found in Chapter 4.3, in
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which British and Spanish professionals consider the GP CLs fitting process
in keratoconus more complicated than in healthy subjects. This study
shows reasonably similar attitudes regarding keratoconus diagnosis,
management and GP CL practice in the two countries, despite the

differences in the professional model established in each country.

Manufacturers of corneal GP CLs with specific design for keratoconus
usually provide several guidelines for selecting the parameters of the first
diagnostic lens in these cases. Even the manufacturers market different
computerized software, which employ corneal topography to determine
the optimal GP lens parameters. However, the parameters of the GP CL
calculated following these indications is often far away from the
parameters finally fitted' '® (Chapter 4.2). This means that instead of
simplify the GP fitting process, it can sometimes produce the opposite
effect, and more diagnostic or orders lens are required, resulting in more

visits and more time consuming.

Another issue raised is the importance of the use of corneal topography for
GP CL fitting process. Corneal topography is especially useful in the early
detection of keratoconus and follow-up.'” '® Placido-based topography is
one of the most common tools used in clinical practice, especially in
primary care (Chapter 5.5).*> "% "> The Chapters 5.1 and 5.2 have shown
that  Placido-based  corneal topography provides repeatable
measurements of the corneal topographic variables as well as corneal
aberrations, especially useful in the detection and classification of
keratoconus severity?’ 3 (Chapter 5.4). These results suggest that Placido-
based corneal topography is very useful in the management of these

patients in primary eye-care.
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However, when comparing two different topography techniques (Placido
versus Placido-Scheimpflug) the measures provided suggesting that these
two technologies are not interchangeable in the management of
keratoconic patients (Chapter 5.3). Therefore, although to have a corneal
topographer is very useful in the management of keratoconic patients, the
GP CL fitting process cannot be topographical-dependent in these cases,
due to the lack of agreement that exists between different technologies.
Therefore, it seems necessary to develop a clinical practice guideline of GP
CL fitting in keratoconus that are independent of the equipment available

for the professional.

To conduct this aim, a structured GP CL fitting process was defined with
three types of visits (diagnostic, dispensing and prescribing) with relatively
high percentage of successful GP fits achieved for healthy subjects (7/10
subjects) and patients with corneal irregularity (9/10 patients) (Chapter
4.1). Moreover, we have calculated and validated a new web-based
algorithm for selecting the parameters of the initial GP diagnostic lens in
keratoconus eyes (Chapter 6.1) which provides better start point to GP CL
fitting in these patients than other methods or guidelines assessed
(Chapter 6.2). Moreover, this new algorithm including in Calculens.com
may reduce practitioner and patient chair time required to achieve a final

acceptable CL fitting in keratoconus eyes

Finally, an evidence-based clinical practice guideline has been developed
to fit GP CL in keratoconic patients (Chapter 7) that brings together the
knowledge generated in this doctoral thesis. In addition, the clinical
practice guideline has been developed and evaluated under the standards
of the AGREE Il instrument (translated into numerous languages and used

in more than 400 publications) with the assessment of external experts.
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This instrument aims to evaluate the quality of the proposed clinical
practice guidelines, providing methodological strategies for its
development and establishing the information that should be included in
the guidelines and how it should be presented. The results obtained after
the appraisal of eight experts suggested that developed CPG could be
strongly recommended for the management of patients with keratoconus

with corneal GP CLs.
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2.8. Conclusions

Based on the results obtained in our studies and summarized in this

doctoral thesis, these specific conclusions are proposed:

1. The quality of life of keratoconic patients measured by the
standardized questionnaire NEI-VFQ-25 is higher wearing corneal GP

CL than spectacles.

2. The corneal GP CL fitting following an evidence-based process,
composed by a minimum of three defined visits, shows a high success

rate in healthy and keratoconic patients.

3. The current recommendations offered by the manufacturers and some
authors to fit GP CL in keratoconus present clinically relevant
differences between the BOZR proposed and the BOZR prescribed that
require a high number of changes in the parameters of the GP lens to

achieve optimal fit.

4. Optometric practices and attitudes in the management of keratoconus
patients are similar in the UK and Spain, being GP CLs fitting process

more difficult in these patients than in healthy eyes.
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5. Placido-based corneal topography provides repeatable measurements
in keratoconic eyes, but there is a lack of agreement between Placido
and Placido-Scheimpflug topography/tomography suggesting that
these two technologies are not interchangeable in the management of

keratoconus.

6. Corneal aberrations, particularly coma, applying new cut-off value of
0.377 pm may be useful in the detection and classification of

keratoconic eyes.

7. The new algorithm developed for the selection of corneal GP CL
parameters in keratoconic eyes (Calculens.com) allows to simplify the
fitting process, reducing the difference between the parameters of the

first diagnostic and prescribed GP lens.

8. The evidence-based clinical practice guidelines for corneal GP CL fitting
in keratoconic eyes, developed under the AGREE-Il consortium
standards, allows to simplify the fitting process, reducing the number
of diagnostic and ordered lens necessaries to achieve optimal GP CL

fitting.
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Abstract

Purpose The aim of this study was to assess the impact of
refractive correction [spectacles vs rigid gas-permeable
contact lenses (RGP CLs)] on the vision-related quality of
life (VR-QoL) obtained with the standardized question-
naire, NEI-VFQ-25, in keratoconus patients compared with
healthy myopic subjects.

Methods The Spanish version of NEI-VFQ-25 was
administered two consecutive times to 25 keratoconus
patients (RGP CL wearers) and 25 healthy myopic subjects
(RGP and soft CL wearers). The first time was to assess the
VR-QoL for spectacle wearing, such as those for refractive
correction, and the second time was for CL wearing.
Results Keratoconus patients showed a lower VR-QoL
impairment (P < 0.01) than healthy subjects in the total
and all subscale score of NEI-VFQ-25 related to wearing
spectacles. With CL correction, keratoconus patients
showed a VR-QoL improvement with statistically signifi-
cant differences (P < 0.04) in only four subscales,

<l Raul Martin
raul @ioba.med.uva.es

Departamento de Fisica Teérica, Atémica y Optica,
Universidad de Valladolid, Paseo de Belén, 7 - Campus
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IMUVA, Universidad de Valladolid, Paseo de Belén,
7 - Campus Miguel Delibes, 47011 Valladolid, Spain

including distance activities, mental health, color vision
and peripheral vision, compared with healthy subjects. In
the keratoconus group, compared to spectacle use, CL wear
improved the VR-QoL score (P = 0.01) and all subscales
except for ocular pain (P < 0.01) and mental health
(P = 0.25).

Conclusions The use of the NEI-VFQ-25 to explore the
difference in the VR-QoL between healthy subjects and
patients with keratoconus provides further evidence of
improved VR-QoL with RGP CL wear compared with
spectacles in keratoconus patients. RGP CL management in
keratoconus patients could minimize the impact of the
disease on the patient’s well-being.

Keywords Keratoconus - Quality of Life - Refractive
correction - Rigid gas-permeable contact lens management

Introduction

Keratoconus is a bilateral, asymmetric and progressive
corneal disorder, resulting in myopia, irregular astigmatism
and reduced vision related to central and paracentral cor-
neal thinning, steepening and scarring [1-3]. This ectatic
condition affects between 50 and 230 individuals per
100,000 people [3] and commonly appears during the
second decade of life and puberty, progressing until the
fourth decade of life, when it usually stabilizes [1-3]. In the
early stages, keratoconus can be managed with spectacles
or soft contact lenses, but as keratoconus progresses, the
irregular astigmatism often requires rigid gas-permeable
(RGP) contact lenses (CL) that can improve the best-cor-
rected visual acuity (BCVA) [3].

The National Eye Institute-Vision Function Question-
naire (NEI-VFQ-25) developed by the National Eye
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Institute is a specifically developed questionnaire to mea-
sure the vision-related quality of life (VR-QoL) [4]. This
questionnaire is one of the most accepted and used methods
for assessing the impact of different eye conditions, such as
cataracts [5], age-related macular degeneration (AMD) [6],
uveitis [7], post-retinal detachment surgery [8], dry eyes
[9] and others in patients’ VR-QoL.

Using the NEI-VFQ-25, patients with keratoconus show
a significantly disproportional impaired VR-QoL [4, 10,
11] that worsens with time [12]. Moreover, these patients
show similar results in the NEI-VFQ-25 to those reported
for patients with advanced (categories 3 and 4) age-related
macular degeneration [13].

The strongest associations with a lower VR-QoL with
low visual acuity (worse than 20/40) and steeper corneal
curvature (>52 D) have been described to greatly influence
the patient’s attitude toward his/her disease and perception
of its impact on visual function when there is an increase in
the 3 D corneal curvature or a visual acuity decrease of
higher than ten letters occur over time [12].

However, all studies on the VR-QoL in keratoconus
patients consider the BCVA obtained indiscriminately with
spectacles or CL [10, 11, 14-18]. To the best of our
knowledge, no studies have previously examined the effect
of keratoconus correction (spectacles or RGP CL) over the
VR-QoL score.

As keratoconus patients show different visual acuity
corrected with spectacles or with RGP CL wear, the aim of
this study was to assess the impact of refractive correction
(spectacles vs RGP CL) on the VR-QoL obtained with the
standardized questionnaire, NEI-VFQ-25, in keratoconus
patients. As a second objective, we compared the VR-QoL
score obtained with spectacles and CL in healthy myopic
(non-keratoconus) subjects to assess whether refractive
correction shows different impact in keratoconus patients.
These data would be crucial in clinical trials that evaluate
the impact of new treatment modalities for keratoconus,
such as cross-linking, intracorneal rings and corneal grafts,
on the VR-QoL or in future design and validation of
patient-reported outcomes (PROs) to assess the VR-QoL in
keratoconus patients.

Methods

This is an observational and non-randomized study.
Informed consent was obtained from each subject after
approval for the study was granted by the Human Sciences
Ethics Committee of the University of Valladolid. All
subjects were treated in accordance with the Declaration of
Helsinki.

Fifty patients were classified into two study groups
[healthy (n =25 myopic subjects) and Kkeratoconus
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(n = 25)] and were enrolled in the study; the study par-
ticipation was proposed in a scheduled after-care eye
examination. The keratoconus patients were attended at the
IOBA Eye Institute (University of Valladolid, Spain), a
tertiary referral clinic that addresses patients with irregular
corneas and other eye disorders.

The keratoconus group included patients who were
successfully fitted with RGP CLs (KAKC RGP design,
Conoptica-Hecht Contactlinsen GmbH, Baden-Wiirttem-
bert, Germany) in at least 1 year of comfortable use. The
healthy group was recruited in 1 week and included non-
symptomatic myopic contact lens wearers (RGP or soft
lenses) with BCVA > 20/20 (Snellen chart) with myopia
and astigmatism lower than 3.00 D. All subjects in both
groups were aged 18 years or older, free of cognitive
impairment, living independently and Spanish speaking.

Patients with any active ocular surface disease (e.g.,
significant dry eye symptoms or keratitis), corneal opaci-
ties, pellucid marginal corneal degeneration, glaucoma, use
of medication that could affect ocular physiology or a
history of any type of ocular surgery were excluded.

Independent corneal specialists confirmed the diagnoses
of keratoconus after a completed eye examination, which
included Scheimpflug topographical analysis (Galilei,
Ziemer, Port, Switzerland) and biomicroscopy examination
(with a demonstration of at least one biomicroscopic sign,
including Vogts striae, Fleischefs ring, corneal thinning or
scarring). The keratoconus stage has been identified using
the Amsler-Krumeich classification [19]. The keratoconus
eyes were designated as better and worse eyes based on the
BCVA, simulated keratometry and stage of Amsler-
Krumeich classification.

Each patient responded to the Spanish version of the
NEI-VFQ-25. The questionnaire consists of 25 questions
that are easy to understand and answer, which are oriented
to evaluate 11 vision-dependent domains and one general
health domain, including the following: ocular pain, near
vision, distance vision, vision-specific social function,
vision-specific mental health, general vision, vision-
specific role difficulties, vision-specific dependency,
driving, color vision and peripheral vision. Patients
answered the questionnaire two consecutive times: the
first time was to assess the VR-QoL for spectacle wearing,
such as those for refractive correction, and the second
time was for CL wearing. The general health domain was
answered once because this subscale is the same with
spectacles and CL.

Data analysis
Statistical analysis was performed using the SPSS 15.0

(SPSS, Chicago, Illinois, USA) statistical package for
Windows. A nonparametric distribution of variables was
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verified with the Kolmogorov—Smirnov test (P < 0.05
indicated that the data were nonparametric-distributed).

The total and subsection scores, ranging from 0 (worst)
to 100 (best), were calculated for the questionnaire VFQ-25
as directed by the National Health Institute (following the
standard method recommended by the developers) [20] for
determining the mean score (Zstandard deviation) for
healthy and keratoconus patients wearing spectacles or CL.
Additionally, a Rasch analysis with the algorithm proposed
by Massof [20] to be used with small sample sizes that
would not be able to obtain reliable estimates with standard
Rasch analysis software [21] was conducted. The correla-
tion between the standard method recommended by the
developers of the NEI-VFQ-25 [22] and the Massof’s
algorithm [20] for approximating Rasch analysis was cal-
culated with Spearman coefficient. The total standard and
the Massof’s algorithm score obtained with spectacles and
CL in each study group was compared with the Wilcoxon
test (P < 0.05 considered statistically significant) and
between healthy and keratoconus groups with the Mann—
Whitney U test (P < 0.05 considered statistically signifi-
cant). Finally, the difference between CL and spectacle
wear total score was calculated with the standard method
and with Massof’s algorithm for each study group and
compared with Wilcoxon test (P < 0.05 considered statis-
tically significant).

The visual acuity and the subsection standard scores
obtained with spectacles and CL in each study group were
compared with the Wilcoxon test (P < 0.05 considered
statistically significant). Visual acuity between healthy and
keratoconus groups was also compared with the Mann—
Whitney U test (P < 0.05 considered statistically signifi-
cant). Subsection standard scores in healthy and kerato-
conus groups were compared with the Mann—Whitney
U test (P <0.05 considered statistically significant).
Finally, differences between the degree of keratoconus
(total standard score) was assessed with a nonparametric
Kruskal-Wallis ANOVA (P < 0.05 considered statistically
significant).

Results
Subjects

Fifty patients (23 women and 27 men) were included in the
study. The mean age of the total sample was 33.7 & 11.2 years
(range 18-58 years).

Twenty-five subjects (17 women and 8 men) comprised
the healthy group with a mean age of 30.3 &£ 11.3 years
(range 18-55 years) and a mean spherical equivalent
refractive error of —3.63 £ 1.69 D (range from —1.50 D to
—8.00 D). The mean of simulated keratometry reading was

7.83 £0.40 mm. The BCVA with spectacles was
1.00 £ 0.00, and CL was 1.05 £ 0.08 (Snellen chart)
(P = 0.01). Healthy group showed better BCVA with
spectacles and contact lenses than obtained by the kerato-
conus patients (P < 0.01). Twenty-four subjects were soft
CL wearers, and one subject was an RGP CL wearer. The
mean number of daily hours of CL use was 8.72 + 2.93
(range 3-15h) and 5.44 £ 2.16 days per week (range
1-7 days).

Twenty-five subjects (six women and 19 men) com-
prised the keratoconus group with a mean age of
37.1 &+ 10.1 years (range 22-58 years) and a mean spher-
ical equivalent refractive error of —4.56 + 3.68 D (range
from —0.25 to —11.50 D), and the BCVAs with spectacles
and RGP CLs were 0.60 + 0.30 and 0.93 4 0.17 (Snellen
chart), respectively (P < 0.01). According to the Amsler-
Krumeich classification, there were 13 eyes in the stage 1;
17 eyes in the stage 2; 15 eyes stage 3; and only four eyes
in the stage 4.

All subjects were RGP CL wearers. In the better eye, the
mean of the simulated keratometry reading was 7.35 4+ 0.49 mm
and the BCVAs with spectacles and RGP CLs were 0.74 £ 0.26
and 0.96 &£ 0.18 (P < 0.01) (Snellen visual chart), respectively.
In the worse eye, the mean of the simulated keratometry reading
was 6.99 £ 0.52 mm and the BCVAs with spectacles and RGP
CLs were 045 + 0.26 and 0.90 £ 0.16 (P < 0.01) (Snellen
visual chart), respectively. The mean number of daily hours of
CL wear was 9.36 £ 4.73 (range 1-17 h) 6.08 & 1.53 days per
week (range 2-7 days).

VR-QoL: keratoconus versus healthy subjects

Total score of NEI-VFQ-25 and all subscales scores were
lower in the keratoconus group than in the healthy group
with both refractive corrections (spectacles and CLs)
(Table 1), except the general vision subscale with CLs
when keratoconus patients showed a slightly better score
than healthy subjects (nonsignificant, P = 0.38 Table 1).

Healthy subjects showed a high score (P < 0.01) in the
VR-QoL than in keratoconus patients in the total and all
subscales for spectacle wear. Nevertheless, these differ-
ences reduced with the use of CL, and there were statisti-
cally significant differences (P < 0.04) in the VR-QoL in
only the following four subscales: distance activities,
mental health, color vision and peripheral vision.

VR-QoL: spectacles versus CL wear

In the keratoconus group, the total and all subscales scores
for CLs were higher than for spectacles, except in ocular
pain and mental health (Table 1). The ocular pain subscale
with spectacles showed a better score than with CLs
(P < 0.01) in both study groups, but the peripheral vision
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Table 1 NEI-VFQ-25 total and
subscale scores in healthy and
keratoconus group with both
refractive method corrections
(spectacles vs CL)

@ Springer

Healthy (n = 25) Keratoconus (n = 25) P
Mean £+ SD Min-max Mean £ SD Min-max
General health 70.00 £ 20.41 25-100 65.00 £ 27.01 25-100 0.53
General vision
Spectacles 76.00 £ 20.00 40-100 42.50 £+ 21.52 20-100 <0.01
CL 68.00 £+ 16.33 40-100 72.00 £ 22.36 20-100 0.38
p* 0.02 <0.01
Ocular pain
Spectacles 92.50 £ 11.97 50-100 75.00 £ 21.80 37.50-100 <0.01
CL 71.00 £+ 18.65 37.50-100 63.50 £ 27.46 12.50-100 0.46
p* <0.01 <0.01
Near activities
Spectacles 94.00 £+ 14.13 41.67-100 57.67 £ 27.94 0-100 <0.01
CL 91.00 £ 11.51 58.33-100 81.33 + 20.73 33.33-100 0.13
p* 0.34 <0.01
Distance activities
Spectacles 93.33 £ 9.32 66.77-100 51.66 £ 30.90 0-100 <0.01
CL 91.67 £ 8.33 75-100 80.00 + 18.79 41.67-100 0.04
P* 0.57 <0.01
Social functioning
Spectacles 96.50 £ 7.67 75-100 71.88 £ 29.32 0-100 <0.01
CL 96.50 £ 7.67 75-100 89.00 + 17.79 37.50-100 0.13
P* 1.00 <0.01
Mental health
Spectacles 73.90 £+ 16.85 25-90 54.33 £ 2591 7.5-87.50 <0.01
CL 73.35 £ 14.46 25-87.50 50.80 £ 19.40 10-75 <0.01
P* 0.53 0.25
Role difficulties
Spectacles 89.50 + 12.85 62.50-100 53.00 + 38.74 0-100 <0.01
CL 90.00 £ 13.50 50-100 75.00 £ 29.97 0-100 0.12
p* 0.65 <0.01
Dependency
Spectacles 96.87 £ 7.27 75-100 68.40 + 39.70 0-100 <0.01
CL 98.00 £ 5.52 75-100 87.00 + 25.00 0-100 0.07
p* 0.32 <0.01
Driving
Spectacles 85.78 + 23.71 0-100 48.75 £+ 31.68 0-100 <0.01
CL 82.58 + 20.77 75-100 79.76 £ 20.34 33.33-100 0.71
p* 0.16 <0.01
Color vision
Spectacles 98.00 £ 10.00 50-100 83.33 + 26.24 0-100 <0.01
CL 100 £ 0.00 100-100 95.00 £+ 10.21 75-100 0.02
p* 0.32 0.01
Peripheral vision
Spectacles 84.00 £ 18.93 62.73-98.86 47.00 £ 31.27 0-100 <0.01
CL 95.00 £ 10.20 75-100 82.00 + 22.27 25-100 0.02
P* <0.01 <0.01
Total score
Spectacles 88.88 + 7.64 62.73-98.86 58.31 £ 25.65 6.14-98.18 <0.01
CL 87.38 + 6.62 69.63-96.48 77.64 £ 16.51 40.83-96.36 0.07
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P* 0.41 <0.01

P * Wilcoxon test (P < 0.05 considered statistically significant). P ** Mann—Whitney U test (P < 0.05

considered statistically significant)

score was better with CLs (P < 0.01) than with spectacles
in healthy and keratoconus subjects. The mental health
subscale showed non-statistically significant differences
(P = 0.25) between spectacles and CLs in both groups.
An additional analysis in each keratoconus group
showed a lower score in the spectacles VR-QoL than that
obtained with CLs (Fig. 1). The spectacles score was
significantly worse for a high keratoconus degree
(P < 0.01 Kruskal-Wallis ANOVA). However, the CL
score was nonsignificantly different (P = 0.06 Kruskal—
Wallis ANOVA) between the keratoconus groups.

Standard and Massof’s algorithm (Rasch analysis)
scoring comparison

High correlation between the Massof’s algorithm and the
NEI-VFQ-25 standard score in contact lens (0.93 Spear-
man correlation coefficient) and spectacle wear (0.97
Spearman correlation coefficient) was found. The differ-
ences between CL and spectacles wear in healthy and
keratoconus patients show the same trend with the standard
method (P = 0.41 in healthy and P < 0.01 in keratoconus

JDSpectacles
100 {HcL
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Fig. 1 NEI-VFQ-25 total score in the different grades of keratoconus
with spectacles and CL correction. The CL score was not significantly
different (P = 0.06 Kruskal-Wallis ANOVA) for different kerato-
conus degrees; however, the spectacles score decreased significantly
(P < .01 Kruskal-Wallis ANOVA) with the stage of keratoconus

group) or with the Massof’s algorithm (P = 0.17 in healthy
and P < 0.01 in keratoconus group). Both study groups
showed statistically significant differences (standard
method P < 0.01 and Massof’s algorithm P < 0.01) in
spectacles wear score; however, CL wear score showed
non-statistically significant differences (standard method
P = 0.07 and Massof algorithm P = 0.14).

Finally, the difference between CL and spectacle wear
total score showed statistically significant differences
between healthy and keratoconus patients with the standard
method (P < 0.01) and with Massof’s algorithm (P < 0.01).

Discussion

In the early stages of keratoconus, the refractive error can
be corrected with spectacles, but, as it progresses, corneal
irregularities induce higher-order aberrations that cannot be
corrected with traditional ophthalmic lenses. To compen-
sate for these corneal irregularities, it is necessary to pre-
scribe RGP CLs, which reduces visual distortion due to the
tear that remains between the CL and the anterior surface
of the cornea, correcting most of the corneal higher-order
aberration-induced keratoconus and providing a generally
higher BCVA than that obtained with spectacles [2, 3].
Therefore, it is reasonable to think that the VR-QoL of
these patients may be affected by the method of refractive
error correction using (spectacles or CL), but to the best of
our knowledge, there are no previous reports of the effect
of refractive correction in VR-QoL in keratoconus patients.

For this reason, our aim in this study was to explore the
influence of the refractive correction (spectacles or CL) on
the VR-QoL in keratoconus patients assessed with the NEI-
VFQ-25. We compared the VR-QoL in healthy myopic
subjects to evaluate the effect of refractive correction in
non-keratoconus patients. In taking this approach, we may
have detected a significantly understated VR-QoL with the
use of spectacles in the keratoconus group.

There are several reports regarding the impact of kera-
toconus in VR-QoL using NEI-VFQ-25 [10-12, 15, 16,
18]. The National Eye Institute developed the NEI-VFQ to
assess health-related quality of life of patients with visual
impairments [23] showing off a high correlation between
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the standard scoring method, Massof approximation and
Rasch analysis in low-vision patients [21] agreeing with
our results. Because the original published scoring has been
criticized [24] (it does not produce interval-scaled esti-
mates of visual ability [25]) and Rasch analysis could be
preferable [26-28], a Rasch analysis using the Massof
approximation [20] was conducted because the small
sample size would not be able to obtain reliable estimates
with standard Rasch analysis software [21]. We found a
great correlation between the standard method recom-
mended by the developers of the NEI-VFQ-25 [22] and the
Massof’s algorithm [20, 21, 28] but the small sample size
included in our study requires that these results could be
interpreted with caution and further studies with high
sample sizes could be necessary.

The use of the NEI-VFQ-25 has some limitations. This
questionnaire has a dysfunctional rating scale to the
response options, using too many categories, long
descriptors for categories, using neutral and conceptually
overlapping categories and a branch questions design in
some items, avoiding the evidence-based guidelines for
rating scales design [29]. Some reports, in AMD patients,
found a weak validation that is not included modern psy-
chometric methods such as item response theory models or
Rasch analysis [30]. Others in patients undergoing cataract
surgery [29] suggest that the NEI-VFQ-25 is more com-
plicated than others (such as VF-14 or CatScale). However,
there are not previous reports that compare the respon-
siveness of the questionnaire in terms of effect size or
difficulty with other questionnaires in keratoconus patients
as have been described in cataract surgery patients [31].
These limitations could influence in the item calibration
and provoke some loss of measurement quality, affecting to
the quality of clinical studies and their results. But because
it is difficult to directly compare research findings using
different PROs [32], we used the NEI-VFQ-25 to assess
VR-QoL in keratoconus patients, and our results agree with
previous reports and the NEI-VFQ-25 could be useful to
assess VR-QoL in keratoconus patients.

Aydin Kurna et al. [10] studied the VR-QoL in 30
patients with keratoconus (total score 75.2 £ 17.2) and 30
healthy subjects (total score 93.2 £ 5.6) and reported
findings that are in agreement with the present study [CL
score of 77.64 £ 16.51 and 87.38 £ 6.62, respectively,
(Table 1)]. However, Aydin Kurna et al. included 20 RGP
CL wearers and 10 spectacles wearers in the keratoconus
group, and the different visual acuity obtained by these two
options may influence the results. Additionally, in this
study, the authors found nonsignificant differences between
the VR-QoL of a group of RGP wearers and another group
of keratoconus patients whose vision was corrected with
spectacles, which may be because of the similar visual
acuity for both methods, contributing to spectacle
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correction being indicated in early stage keratoconus.
Additionally, the impact of well-being in the early stages of
keratoconus has been previously reported [11]. Aydin
Kurna et al. did not compare the VR-QoL with both
refractive corrections in the same patient group. Tatem-
atsu-Ogawa et al. [16] evaluated the VR-QoL in 45 kera-
toconus patients divided into three study groups according
to the BCVA and observed a similar impact of the kera-
toconus on the VR-QoL that we found. Nevertheless, they
included patients with RGP, soft CLs and spectacles in the
same group, which can affect the BCVA obtained with
each refractive correction method. Moreover, Kymes et al.
[11] studied the VR-QoL with NEI-VFQ-25 in a large
sample of keratoconus patients, including 75 % who wear
CLs in both eyes, 6 % who wear a CL in one eye only and
19 % who wear spectacles. Jones-Jordan et al. [I5]
examined the relationship of keratoconus asymmetry
between both eyes over time on the VR-QoL, including
85 % CL wearers, but this author also does not take into
account the method of refractive correction in their results.
In summary, there are not previous reports of the impact of
refractive method (spectacles vs RGP contact lenses) in
VR-QoL of keratoconus patients.

Other questionnaires were used in the literature to
evaluate the VR-QoL in keratoconus patients. Recently,
Sahebjada et al. [14] used a six-item multi-attribute utility
instrument (MAUI) to assess the impact of keratoconus
disease in the better and worse eyes on the VR-QoL
without any indication of the type of refractive correction
that the included subjects used. A similar example is the
study by Gothwal et al. [17], which assessed VR-QoL with
an Impact of Vision Impairment (IVI) questionnaire in
keratoconus patients, including 21 % spectacle wearers, in
the analysis of the results. McAlinden et al. [33] concluded
that National Eye Institute Refractive Error Quality of Life
(NEI-RQL-42) presents relevant deficiencies in kerato-
conus patients, with only one valid subscale (near vision)
of the 12 assessed subscales and recommend that this tool
should not be used in keratoconus studies. Moreover,
McAlinden et al. [33, 34] highlighted that the NEI-RQL-42
in keratoconus patients had disordered thresholds in three
subscales (symptoms, dependence on correction and sub-
optimal correction), six subscales had misfit items and not
measure what they purport to measure, 11 subscales pre-
sented an inadequate person separation value, and these
subscales could not adequately discriminate between the
individuals in the sample population, and a poor targeting
was found in these patients.

Future studies of VR-QoL in keratoconus patients could
be conducted with other quality-of-life tools. For example,
the Quality of Vision questionnaire (QoV) that analyzes the
quality of life in different refractive correction situations
such as spectacles or contact lenses, requires a Rasch
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analysis validation in these group of patients [35, 36].
Other questionnaires, such as the Quality of Life Impact of
Refractive Correction (QIRC) or The Contact Lens Impact
on Quality of Life (CLIQ) could be proposed [37]. But it
would be necessary a validation and reliability testing with
a large collection of calibrated items that measure a defined
latent trait (specific item bank) in keratoconus patients to
develop better and higher-quality studies of VR-QoL in
these patients, as occur in other eye diseases such as
glaucoma [38].

Our study suggests that the BCVA obtained with
spectacles is an important factor contributing to kerato-
conus patient’s VR-QoL impairment. This is not surpris-
ing, as keratoconus patients prefer RGP CLs due to the
better vision provided. However, the impact of CL use has
a pronounced effect on their overall well-being. All the
previous reports of VR-QoL in keratoconus patients use
the questionnaires without consideration of the spectacles
or contact lens wear, and our results suggest that this
could be an important flaw in quality-of-life studies in
these patients. The optical correction—spectacles or
contact lenses—shows a relevant impact in keratoconus
patient’s answer in the NEI-VFQ-25, so this variable may
be included in the methodology and statistical analysis of
future studies of VR-QoL in keratoconus patients. These
findings could have considerable implications for treat-
ment decisions, as clinicians may need to consider
referring patients to a CL practitioner [14]. In the man-
agement of keratoconus, it is essential to avoid significant
vision loss, which substantially impacts the VR-QoL [14].
Our data suggest that RGP CLs fitting reduces the impact
of the disease on the patients’ VR-QoL. Moreover, there
were nonsignificant differences in the total VR-QoL score
(related to contact lenses wear) between keratoconus and
healthy subjects, but this result will be confirmed in future
studies.

The current data are also now extremely relevant to the
field of research on keratoconus management, where new
treatments are available. de Paranhos et al. [39] evaluated
the impact of intracorneal ring segment (ICRS) implanta-
tion on the VR-QoL in 42 keratoconus patients with CL
intolerance, using the NEI-RQL instrument. They found an
improvement of the VR-QoL postoperatively but did not
describe whether any of the patients were fit with CLs after
the surgery because CLs or spectacles are needed after
ICRS surgery to improve the patient’s visual acuity [40,
41]. Future studies of the efficacy of these therapies will
need to include the same refractive correction before and
after the treatment to avoid the negative bias of the effect in
the VR-QoL of spectacles correction.

The main strength of the present study is its use of a
control group comprising non-keratoconus healthy subjects
in which the VR-QoL is therefore unaffected by refractive

correction (spectacles or CL) to compare with the kerato-
conus patients. So, this approach has permitted to compare
the effect of refractive correction in healthy and kerato-
conus subjects; to the best of our knowledge, these results
have not been previously described. Moreover, we found
significant differences between spectacle and CL use in the
healthy myopic group for general vision, ocular pain and
peripheral vision, which is quite comprehensive, as wear-
ing CLs provides more discomfort than wearing spectacles
[42] and CLs are known to improve the field of view [43]
compared to spectacles [44]. Differences in general vision
between spectacles and CL wear in the healthy group could
be the subject of further research. Potential limitations
include the small sample size of the study groups; however,
the results maintained significant differences between the
healthy and keratoconus groups (previously described) [12,
14, 16, 18]. Other study approach with a cross-sectional
design involving two keratoconus groups (one spectacle
wearers and other RGP wearers) could be of interest to
clarify the role of the refraction correction in VR-QoL in
these patients. However, both groups may be similar in
terms of vision, corneal curvature, age, socioeconomic
status and gender, and these requirements could be very
difficult or impossible to find because the primary indica-
tion for spectacle wearing in moderate and advance kera-
toconus stage patients is the intolerance to CL wear. For
this reason, our study design permits a comparison between
both refractive correction options in the same subjects,
avoiding intrapersonal differences. This is a novel use of
the NEI-VFQ-25, so these results could be interpreted with
caution, and developing and validating (with adequate
Rasch analysis) new PROs that follow the recommenda-
tions to be a psychometrically robust tool to assess VR-
QoL in keratoconus patients [29-32] could be necessary.
Future studies with larger cohorts of keratoconus patients
and longitudinal examinations of the changes in the VR-
QoL are needed to confirm the effect of the method for
correcting the refraction on the quality of life in kerato-
conus and healthy subjects.

Conclusions

The results of this study could support the use of the NEI-
VFQ-25 to explore the difference in the VR-QoL between
healthy subjects and patients with keratoconus as well as
provide further evidence that a higher VR-QoL is obtained
with RGP CLs than with spectacles in these patients.

The results underscore the importance of adopting a
comprehensive approach to the examination and care of
patients with keratoconus, highlighting the need for RGP
CL fitting in the management of keratoconus. Nevertheless,
this study emphasizes the need to consider the optical
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correction—spectacles or contact lenses wear—so a clear
definition of the refractive correction of the patients
enrolled in VR-QoL studies should be included in the
subject description and the results assessment. This infor-
mation must be considered in studies regarding VR-QoL
that aims to collect more reliable, comparable and objec-
tive information about keratoconus patients.
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Success of Rigid Gas Permeable Contact Lens Fitting

Sara Ortiz-Toquero, M.sc, Mario Martin, 0.p., Guadalupe Rodriguez, mSc, Victoria de Juan, Ph.D,
and Raul Martin, Ph.D.

Objectives: To assess the percentage of successful rigid gas permeable
(GP) contact lenses (CLs) fit for both refractive and therapeutic reasons.
Methods: New CLs (soft or GP) fittings were retrospectively analyzed and
divided into refractive and therapeutic prescriptions. A standardized fitting
protocol that included complete CLs information after a first eye
examination, a diagnostic fitting visit, a dispensing visit, and a prescribing
visit was used in all fittings. A GP fitting was defined as successful if full-
time wear and optimal ocular surface physiology were both achieved at the
review assessment 2 to 3 weeks after lens dispensing.

Results: Of 232 new CLs fittings analyzed, 166 were refractive fittings
(71.6%) and 66 were therapeutic (28.4%). Of the refractive fittings, 88
subjects (53%) were initially fitted with GP CLs and 61 (69.3%) of these
met the criteria for successful GP fitting. Within this group, a different
percentage of successful fits were found for neophyte (72%), previous soft
lens wearers (62%), and previous GP wearers (92.3%). Of the therapeutic
fittings, 61 subjects (92.4%) were initially fitted with GP CLs and 59
(96.7%) of these met the criteria for successful GP fitting.

Conclusions: Following a standardized CLs fitting protocol, a relatively
high percentage of successful GP fits was achieved for refractive (7/10
subjects) and therapeutic (9/10 subjects) prescriptions. These results will
improve the information available to patients and aid in their CL choices by
providing them with a realistic attitude. It will also help eye care
practitioners in their clinical activities by providing evidence-based
information.

Key Words: Gas permeable—Contact lenses—Success—Fitting.

(Eye & Contact Lens 2016;0: 1-6)

R igid contact lenses (CLs) have been used to correct refractive
errors since 1888. The lenses were initially designed as large
diameter scleral lenses that used oxygen-impermeable materials
(glass and later, polymethylmethacrylate). Close to a century later,
in the 1970s, small diameter corneal lenses with gas permeable (GP)
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materials' were introduced. These provided rigid GP lenses that
improved patient tolerance and reduced CL-related complications.?
Later advances in manufacturing technology permitted the devel-
opment of high oxygen permeability materials that were approved
for continuous GP wear.

At present, more than 125 million people are estimated to wear
CLs worldwide.! The GP fitting rate around the world has been
reported to be less than 11% over the past decade.'” Nevertheless,
GP lenses present major advantages over soft lenses, such as
greater tolerance in patients with dry eye or giant papillary con-
junctivitis, in addition to more tear turnover, which provides a bet-
ter physiological interaction between the lens and the ocular
surface, and high oxygen transmissibility.*® The lenses generally
provide patients with excellent vision and more effectively correct
high astigmatism.*?

Gas permeable lens wearers experience a lower number of CL-
related complications than soft CLs wearers, and they have a lower
incidence of serious complications such as microbial keratitis.” The
proportion of GP CLs fittings is clearly low compared with soft
lens prescriptions. The low prescription rate for GP lenses suggests
that these lenses are not the first choice option when fitting CLs for
refractive reasons in healthy eyes (e.g., for myopia, hyperopia, and
regular astigmatism correction).” It has been suggested that a clini-
cian’s goal should be “to prescribe a CL from a physiologically
adequate material that will have minimal mechanical impact on the
corneal surface while providing the required optical correction.”® If
practitioners followed this recommendation, a large number of GP
lens prescriptions would be expected, but GP lenses represent less
than 11% of the patients who wear this type of lens, demonstrating
a poor acceptance by practitioners and a substantial failure of pa-
tients to accept this type of lenses, which may be related to initial
discomfort or other problems adapting to the lens.**!® Several
factors can influence a GP CLs fitting, including initial discomfort
with the lenses and the additional time required to successfully fit
and manage a patient, particularly for novice practitioners. Addi-
tionally, large investments on promoting and developing new soft
lens designs and materials®™'® likely affect practitioner’s recommen-
dations toward soft lenses.

However, many eye care practitioners propose GP CLs in
specialty cases and for challenging patients, such as those with
keratoconus or pellucid marginal degeneration, for corneal distor-
tion or irregularity after refractive surgery, or in orthokeratology
treatments,''" especially for the control of myopia.'?

The aim of this study was, therefore, to assess the percentage of
successful GP CLs fits in healthy subjects (refractive prescriptions
fitted for only refractive reasons) and in special subjects (fitted with
a therapeutic objective) to provide evidence for the current
percentage of successful GP lens fits, to aid eye care practitioners
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in their CL clinical activities, and to improve the information
available to patients to help them to select the most adequate lens
for their case.

MATERIALS AND METHODS

A retrospective analysis was conducted that included new
subjects who were evaluated for the first time and fitted with any
type of CL at the Optometry Group of the IOBA Eye Institute
(University of Valladolid, Spain), which is a tertiary referral clinic
that treats patients with irregular corneas and other eye disorders,
during the period from January 2010 through December 2014. The
study was approved by the Human Sciences Ethics Committee of
the University of Valladolid. Informed consent was obtained from
each subject, and all subjects were treated in accordance with the
Declaration of Helsinki.

Subjects who received CLs fittings were divided into two major
study groups: those with a refractive factors, including healthy
subjects fitted just to correct their ametropia (myopia, hyperopia, or
regular astigmatism correction), and those where CLs fitting
involve therapeutic factors, including subjects who presented some
type of ocular pathologic condition (e.g., keratoconus, pellucid
marginal degeneration, trauma, or aphakia), secondary irregular
cornea (e.g., after refractive surgery or eye trauma), pediatric
subjects, cosmetic, or prosthetic fitting and subjects who received
treatment to manage myopia (orthokeratology treatment).

The following data were collected for all subjects included in the
study: age, gender, medical history, previous CLs experience,
refraction, best-corrected visual acuity (BCVA) with spectacles and
CLs, manual keratometry readings (OM-4 keratometer; Topcon
Corp., Tokyo, Japan), type of the first diagnostic lens fitted (GP,
hydrogel, or silicone hydrogel), type of the final lens fitted (GP,
hydrogel, or silicone hydrogel), and maximum number of hours of
wearing time for the GP fitting.

The success of the GP fittings was defined as adaptation to
regular, full-time GP wear (at least 68 hours of comfortable wear-
ing time) and an optimal physiology of the ocular surface without
CL-related complications (grade >2; Efron Grading Scale®).
Meanwhile, failed GP fittings were determined as unsuccessful
wearers who were unable to reach either a regular daily wear
schedule or who presented subjective discomfort and/or any
CL-related complication.

GP Fitting Procedure

All the GP CLs fit at this clinic were produced in Spain by one of
the three companies: Conoptica-Hecht Contactlinsen, Lenticon,
and Menicon. All lenses fit were an aspheric design and made of
a medium to high Dk material. The fitting procedure for the GP
lenses involved a standardized protocol to achieve a determination
of successful lens parameters and having the subject wear the
lenses (Fig. 1). At the initial visit, demographic information and the
subject history were collected, and a complete eye examination was
conducted to determine whether the subject was a good candidate
for CL wear by assessing ocular and systemic considerations and
the risk of noncompliance by the subject. The subjects who suc-
cessfully passed the initial examination and accepted the use of
CLs after receiving complete information regarding the different
types of CLs and their wearing schedules and replacement frequen-
cies started the diagnostic CL fitting procedure, in which the

Eye Examination

Candidate? rL)‘ Drop out CL fitting
YES

GP CL Diagnostic
Fitting

Correct? = ‘ New GP Diagnostic Lens |
YES
GP CL Dispensing
NO

Correct?

New GP Ordered Lens |

GP CL Adaptation

New GP Ordered Lens or
Drop Out GP Fitting

Correct? (

Successful Fitted

FIG. 1. Flow diagram of GP CLs standardized fitting protocol from
the initial eye examination to the successful fitting of the lenses.

practitioner proposed the most adequate lens design and/or material
to meet the needs of the subject. When GP lenses were chosen, the
parameters of the first diagnostic lenses were selected from a trial
set. The first GP diagnostic lens that was calculated was inserted
into the subject’s eye. After an adaptation period of approximately
30 min, the GP lens fitting assessment was evaluated (static and
dynamic fit), and sodium fluorescein was instilled. An acceptable
fit was achieved when a well-centered lens allowed adequate blink-
ing and when a correct fluorescein pattern was obtained, according
to the ISO 11980.2 (Ophthalmic optics, CLs and CL care products,
Guidance for clinical investigation).'® If any parameter of the diag-
nostic lens evaluation was inadequate, the GP was changed, and
a second diagnostic lens was selected. The fitting assessment was
repeated until a correct lens placement was achieved. Once the
parameters for the lens were determined (back optic zone radius
[BOZR] and total diameter), overrefraction was performed to deter-
mine the power of the GP lens and the BCVA, and the GP lens was
ordered from the manufacturer.

The GP lens that was ordered was provided at the second visit
(dispensing visit). The lens fitting, visual acuity, subject comfort,
and the ocular surface were evaluated. If the GP fit was optimal, the
subject was instructed in the management and care of the CLs and
scheduled for a follow-up visit after 2 or 3 weeks of lens wear.
However, if the GP fit was not adequate, the CL specifications
(BOZR, diameter or power) were modified, and a new GP lens was
reordered.

After 2 or 3 weeks of CL wear, a follow-up visit (prescribing
visit) was conducted to assess whether the GP provided at least 6 hr
of regular comfortable wearing time and whether an optimal ocular
surface physiology was maintained without CL-related complica-
tions (grade <2, Efron Grading Scale). If all these conditions were
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met, the fit was considered acceptable, the fitting procedure was
concluded and an aftercare plan was scheduled for each subject. If
the GP fit was inadequate or if the subject presented with subjective
discomfort, a new GP was reordered, or the GP fitting was discon-
tinued and another CL material and/or design (soft CL, etc.), de-
pending on the subject’s requirements, was proposed.

Statistical Analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL) statistical package for Windows. A descriptive data
presentation with mean=SD and/or percentages for each studied
variable is provided for both study groups (refractive and therapeu-
tic prescriptions). 95% confidence interval (CI) of percentage of
successful fits was calculated.

Differences from a normal distribution of the variables were
assessed using the Kolmogorov-Smirnov test (P>0.05 indicated
that the data were normally distributed). The effect of a subject’s
previous CL history on GP fitting success was assessed using
a contingency table to compare the type of the first diagnostic lens
with the type of the final prescribed lens. A chi-square test was
used to contrast the frequency of each CL type (GP, silicone hydro-
gels, or conventional soft CLs) to determine diagnostic and final
prescribing lens trends (P<<0.05 were considered significant).

Differences in age, refraction (sphere, cylinder, spherical
equivalent), and keratometric readings between successfully and
failed GP subjects with refractive prescriptions were assessed using
nonparametric Mann-Whitney U tests (P<<0.05 were considered
significant). The effect of previous CL experience (neophyte CLs
wearers, previous soft, or previous GP CLs wearers) was also
assessed. Percentage of successful and failed GP lens fits between
men and women were compared using a chi-square test (P<<0.05
were considered significant).

RESULTS

This retrospective survey included 232 subjects (61.2% women
and 38.8% men) who started a fitting procedure for any type of CL.
Of these fittings, 71.6% were for refractive prescriptions, and
28.4% were for therapeutic prescriptions. The mean age was
33.2%12.9 years (range, 1-66 years). Of the included subjects,
34.4% had never worn any type of CL, and 65.6% were previous
CLs wearers (84.1% soft lenses and 15.9% GP lenses).

Refractive Prescriptions (Healthy Subjects)

A total of 166 subjects (68.7% women and 31.3% men) required
a type of CL for refractive reasons. Subjects had a mean age of
32.8%12.3 years (range, 11-64 years). The mean spherical equivalent
refractive error was —3.25£5.29 D (range, +10.00 to —23.25 D), the
mean flat meridian was 8.75+0.29 mm (range, 7.10-8.75 mm), and
mean steep meridian was 7.60%=0.29 mm (range, 6.70-8.40 mm). In
all, 31.9% of the subjects had never previously worn any type of
CL, and 68.1% were previous CLs wearers (87.6% had used soft
lenses and 12.4% had used GP lenses). Contact lenses were suc-
cessfully fitted for 94.6% (n=157) of the subjects (mean BOZR
7.77+0.27 mm [range, 7.35-8.45 mm] and mean lens diameter of
9.55%+0.14 mm [range, 9.20-10.00]), and only nine subjects could
not be fitted with any type of CL. Figure 2 summarizes the fitting
trend revealed by these refractive prescriptions and illustrates the
differences regarding previous subject experience in wearing CLs.

© 2016 Contact Lens Association of Ophthalmologists
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FIG. 2. Summary of the final prescribed lens type (silicone hydro-
gel, conventional hydrogel, or GP lenses) for those fittings that met
the successful criteria in the refractive group. Differences depending
on previous CL wear experience between new CLs wearers, previous
soft CLs wearers, or previous GP CLs wearers are shown. (P<0.01, x?
test). The prescribing trend for (A) all refractive fits; (B) new wearers;
(C) previous soft CLs wearers; and (D) previous GP CLs wearers.

This survey revealed prescribing trends for GP lenses in healthy
subjects, which corresponded to 38.9% of the total fittings con-
ducted during the study period.

Of the 166 subjects analyzed, GP was the first trial lens chosen
option for 88 subjects (53%), followed by silicone hydrogels for 53
subjects (31.9%), and conventional hydrogels for 25 subjects
(15.1%) (P<<0.01; chi-square test). Of the 88 subjects who were
initially fitted with GP lenses, 25 subjects (28.4%) had never worn
any type of CL, 50 subjects (56.8%) were previous soft CLs wear-
ers, and 13 subjects (14.8%) were previous GP CLs wearers.

Sixty-one subjects (69.3% successful, 95% CI, 61.6%—75.5%)
of the 88 subjects who were fitted with GP diagnostic lenses were
successful in that they comfortably wore the GP (an average of
7.61£1.54 hr per day) and showed an optimal ocular surface phys-
iology. Of the remaining 27 subjects, 4 (4.6% of the refractive
group) were finally fit with silicone hydrogels, 14 (15.9%) with
hydrogels, and 9 (10.2% of refractive group) were unsuccessful in
all CL types. Most of these (six subjects) were previous soft CLs
wearers. When this refractive group was separated according to
previous CL experience, a different percentage in successful fits
were found between neophyte CL wearers (72% successful, 95%
Cl, 58.4%—83.8%), previous soft CLs wearers (62% successful,
95% CI, 52.3%—71.7%), and previous GP wearers (92.3% success-
ful, 95% CI, 78.9%-100%) (Table 1).

Sex, age, refraction (sphere, cylinder, and spherical equivalent),
keratometry readings, and BCVA spectacles were compared
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TABLE 1.

Contingency Table Describing the Initial Proposal and the Final CL Fitted

Final Lens Prescribed

Conventional Hydrogel, % (n)

Silicone Hydrogel, % (n) GP Lens, % (n) No CL, % (n)

Refractive prescription (healthy eyes) (n=166)
Type of initial diagnostic lens

Conventional hydrogel (n=25) 100 (25)
Silicone hydrogel (n=53) 1.9 (1)
GP lens (n=88) 4.6 (4)
No previous CL wear (53)
Type of initial diagnostic lens
Conventional hydrogel (n=12) 100 (12)
Silicone hydrogel (n=16) 0

GP lens (n=25) 0
Previous soft CL wear (99)
Type of initial diagnostic lens
Conventional hydrogel (n=12) 100 (12)
Silicone hydrogel (n=37) 2.7 (1)
GP lens (n=50) 8 (4)
Previous GP CL wear (14)
Type of initial diagnostic lens

Conventional hydrogel (n=1) 100 (1)
Silicone hydrogel (0) 0
GP lens (13) 0

0 0 0
98.1 (52) 0 0
15.9 (14) 69.3 (61) 10.2 (9)
0 0 0
100 (16) 0 0
20 (5) 72 (18) 8(2)
0 0 0
97.3 (36) 0 0
18 (9) 62 (31) 12 (6)
0 0 0
0 0 0
0 92.3(12) 7.7.(1)

Data are presented for the refractive group as a whole and are then divided into subgroups according to previous CL experience (neophyte
CL wearers, n=53; previous soft CL wearers, n=99; and previous GP CL wear, n=14).

CL, contact lens; GP, gas permeable.

between successful and failed GP fittings (Table 2). The subgroup
with previous soft CLs experience showed statistically significant
differences (P<<0.05) between successful and failed fitting for age,
sphere, and BCVA. However, no statistically significant differen-
ces were found in subjects who had never worn any type of CL.

Therapeutic Prescriptions

A total of 66 subjects (42.4% women and 57.6% men) were fitted
with any type of CL for therapeutic reasons (63.6% for irregular
cornea, 56.1% for keratoconus, 4.5% after refractive surgery or
keratoplasty, and 3% for other conditions, such as eye trauma, and
28.8% for orthokeratology, 4.6% for pediatric cases, and 3% for
cosmetics-prosthetic reasons), with a mean age of 34.1=14.4 years
(range, 1-66 years). The mean spherical equivalent refractive error
was —3.28%3.93 D (range, +3.75 to —17.50 D), the mean flat
meridian was 7.55*0.65 (range, 5.50-9.10 mm), and the mean steep
meridian was 7.13%+0.65 (range, 5.50-9.10 mm). Of these subjects,
41% had never previously worn any type of CL, and 59% were
previous CLs wearers (73% had worn soft lenses, and 27% had
worn GP lenses). Only five subjects (7.6%) were fitted with thera-
peutic soft CLs (for pediatric and cosmetics-prosthetic indications).

Gas permeable lens was the first trial lens option that was chosen
in 61 cases (92.4%, 95% CI, 93.4%-99.9%); 42 of these had an
irregular cornea and 19 were fit for orthokeratology. Fifty-nine
subjects (96.7%) obtained a successful fitting with comfortable
GP wear and optimal ocular surface physiology. Only two subjects
(3%) who displayed irregular cornea (advanced keratoconus stage)
reported significant subjective discomfort with GP lenses and re-
jected their wear.

DISCUSSION
Contact lens prescribing trends are associated with practitioner
misgivings about GP lenses and hence the number of GP fits have
decreased over time, despite the advantages of this type of lens.”'°

They represent approximately 11% of all CLs that have been fit-
ted®>**1° over the world in past 10 years. There is considerable
variance across nations, ranging from 0.2% in Lithuania to 37%
in Malaysia.’ In the United States, only 9.4% of total fittings are
performed with GP lenses,'* and in Europe, the countries with the
highest number of GP fittings are Germany and the Netherlands
(approximately 30%), whereas Spain and the United Kingdom
present trends for GP fittings similar to those seen worldwide
(approximately 10%).> Taking into account only refractive pre-
scriptions, the trend for GP fittings that was found in our study
(38.9%) is considerably greater than the current trend in Spain and
in the rest of the world when therapeutic prescriptions are included
in the results. This trend could be related to the academic status of
the IOBA Eye Institute (a university center focused in vision sci-
ences teaching and research).

In many practices, GP lenses have a limited role in refractive
fittings, and this type of lens is not considered the first choice
option*!*!* in healthy patients for correcting refractive errors. In
2010, Cardiff University' analyzed the effect of practitioner atti-
tudes on GP lens prescribing in the United Kingdom and found that
the practitioners know the benefits provided by GP lenses pertain-
ing to ocular health and refractive correction. However, this report
concluded that initial patient discomfort negatively influenced
practitioner attitudes because the patients prefer the initial comfort
benefit provided by soft lenses. This consequently results in
reduced GP prescribing.'” Nevertheless, there is no previous evi-
dence regarding the percentage of successful GP CLs fits to support
this professional practitioner behavior. For this reason, we studied
the percentage of successful GP CLs fits in refractive (healthy
subjects) and therapeutic prescriptions, because to our knowledge,
no studies have analyzed this issue to improve the objective infor-
mation that is provided to patients regarding the GP fitting process
and to assist eye care practitioners in their CL clinical activities.

Previous studies have attempted to analyze the factors that can
influence the success of GP fittings.**!>1¢ Regarding the time
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TABLE 2. Comparison Between Successful and Failed GP Fittings in the Refractive Group
Total GP Trial Lens Fit Successful GP Wear Failed GP Wear P

Sex, n (men/women)

All wearers 88 (27%/73%) 61 (28%/72%) 27 (26%/74%) <0.01¢

New wearers 25 (32%/68%) 18 (33%/67%) 7 (29%/71%) 0.20¢

Previous soft CL wearers 50 (26%/74%) 31 (26%/74%) 19 (26%/74%) <0.017

Previous GP CL wearers 13 (23%/77%) 12 (25%/75%) 1 (0%/100%) —
Age, mean = SD (range), years

All wearers 33.20+12.51 (11 to 64) 31.91+13.15 (11 to 64) 36.02+10.60 (14 to 60) 0.07

New wearers 23.18+11.14 (11 to 46) 21.89+11.29 (11 to 46) 26.20+10.53 (14 to 41) 0.24

Previous soft CL wearers 35.57+10.38 (14 to 60) 33.27+11.00 (14 to 50) 39.32+8.08 (23 to 60) 0.02

Previous GP CL wearers 43.48+9.86 (29 to 64) 43.14%10.27 (29 to 64) 47.00+0.00 (47) 0.51
Sphere, mean = SD (range), D

All wearers —4.37+6.43 (—23.25t0 +10.00) —4.92+7.14(—23.25t0+10.00) —3.19+4.32 (—19.00 to +0.50)  0.04

New wearers —2.06+4.92 (=17.25 to +7.75) —2.21%+5.56 (=17.25 to +7.75)  —1.73%3.20 (—7.00 to +4.25) 0.75

Previous soft CL wearers —5.11+6.44 (—23.25t0 +10.00) —6.17+7.24 (—23.25t0 +10.00) —3.36%+4.40 (—19.00 to +5.50) <0.01

Previous GP CL wearers —6.91+7.54 (-22.00 to +7.00) —6.54+7.80 (—22.00 to +7.00) —10.87%+0.17 (—=10.75to —11.0) 0.20
Cylinder, mean = SD (range), D

All wearers —1.52+1.04 (—0.25 to —5.00) —1.55+1.04 (—0.50 to —4.25)  —1.45%=1.07 (—0.25 to —5.00) 0.60

New wearers —1.39+1.04 (—0.50 to —4.25) —1.33+0.99 (-0.50 to —4.25) —1.56*=1.14 (—0.75 to —3.75) 0.58

Previous soft CL wearers -1.63+1.11 (-0.25 to —5.00) —1.77+1.12 (-0.50 to —4.00)  —1.39%1.09 (—0.25 to —5.00) 0.15

Previous GP CL wearers —1.45+0.82 (—0.50 to —4.25) —1.42+0.84 (—0.50 to —3.00) —1.75%+0.00 (—1.75) 0.72
Spherical equivalent, mean = SD (range), D

All wearers —3.85%+5.55 (—23.50 to +7.25) —3.35%5.55 (—23.50 to +7.25) —4.92+5.46 (—20.75 to +4.00)  0.05

New wearers —2.54+4.93 (-17.75 to +7.25) —2.71%+6.40 (=17.75 to +7.25) = —4.93+4.75 (—7.25 to +2.25) 0.24

Previous soft CL wearers —3.80%+5.03 (—20.75 to +5.50) —3.30%4.51 (—15.75 to +5.50) —4.60*5.73 (—20.75 to +4.00) 0.19

Previous GP CL wearers —5.11+6.86 (—23.50 to +5.25) —4.58+6.94 (—23.50 to +5.25) —10.75%+1.76 (—9.50 to —12.00) 0.07
Keratometry, steep meridian, mean * SD

(range), mm

All wearers 7.55+0.27 (7.10 to 8.20) 7.53+0.25 (7.10 to 8.20) 7.58+0.32 (7.20 to 8.05) 0.12

New wearers 7.61+0.29 (7.10 to 8.15) 7.58+0.31 (7.10 to 8.15) 7.66+0.22 (7.15 to 7.97) 0.38

Previous soft CL wearers 7.51+0.28 (7.10 to 8.20) 7.50%0.23 (7.10 to 8.20) 7.54+0.34 (7.20 to 8.05) 0.36

Previous GP CL wearers 7.56+0.19 (7.11 to 7.97) 7.51£0.15 (7.11 to 7.70) 7.95+0.04 (7.92 to 7.97) 0.01
Keratometry, flat meridian, mean=SD

(range), mm

All wearers 7.75+0.27 (7.10 to 8.50) 7.73%0.26 (7.20 to 8.50) 7.80+0.29 (7.10 to 8.35) 0.09

New wearers 7.83+0.28 (7.25 to 8.40) 7.78+0.30 (7.25 to 8.40) 7.95+0.19 (7.75 to 8.35) 0.05

Previous soft CL wearers 7.70£0.27 (7.10 to 8.50) 7.68+0.24 (7.20 to 8.50) 7.73%0.31 (7.70 to 8.23) 0.53

Previous GP CL wearers 7.77+0.22 (7.30 to 8.10) 7.78+0.30 (7.25 to 8.40) 8.04+0.02 (8.03 to 8.06) 0.04
BCVA with spectacles

All wearers 0.93+0.30 (0.05 to 1.50) 0.85+0.32 (0.05 to 1.50) 1.06+0.21 (0.50 to 1.50) <0.01

New wearers 1.00+0.22 (0.10 to 1.50) 0.99+0.27 (0.10 to 1.50) 1.04+0.08 (1.00 to 1.20) 0.83

Previous soft CL wearers 0.93+0.31 (0.10 to 1.50) 0.84+0.31 (0.10 to 1.50) 1.07+0.24 (0.50 to 1.50) <0.01

Previous GP CL wearers 0.75+0.36 (0.05 to 1.20) 0.73+0.40 (0.05 to 1.20) 0.90+0.00 (0.90) 0.95

Factors included are the following: sex distribution, age, refraction (sphere, cylinder, and spherical equivalent), keratometry (steep and flat
meridian) and BCVA obtained with spectacles. Details of the comparisons for the previous CL experienced groups are also summarized.

Chi-square test (gender distribution difference).

BCVA, best-corrected visual acuity; CL, contact lens; GP, gas permeable.

required for successful wearers to adapt to GP lenses, Fujita el al.'®

established an average time of 23.0+22.1 days. Carracedo et al.*
reported that unsuccessful GP wearers presented an overall trend
for having more unstable levels of tear film and an increasing
intensity of symptoms during the first 7 days, including dryness,
discomfort, foreign body sensation, sand sensation, and irritation.
However, successful GP wearers showed a steep trend toward
increasing comfort and wearing time during the first 7 to 15 days.
Our fitting protocol required a minimum of 2 or 3 weeks of GP CLs
wear to evaluate a patient’s comfort to be considered successful, in
accordance with these previous reports.

Polse et al.” prospectively analyzed 411 GP fittings and concluded
that younger patients, inexperienced patients with a steeper corneal
curvature and a lower rate of predicted residual astigmatism had
a higher probability of achieving successful GP wear. However,
our results disagree with the conclusions of Polse et al because we
did not find statistical differences in new CLs wearers in any of the
clinical data proposed by Polse to calculate the probability of suc-
cessful of GP wear (Table 2), suggesting that is not possible to make

© 2016 Contact Lens Association of Ophthalmologists

an accurate prediction of successful GP wear in neophytes. However,
taking into account the previous CL experience of the subject, slight
differences in the successful GP wear between neophyte (72%),
previous soft (62%), and previous GP (92.3%) CLs wearers were
found (Table 1). This could mean that previous soft CLs wear is an
important factor that contributes to unsuccessful GP wear because
these wearers could be accustomed to the initial comfort provided by
soft lenses, and the initial discomfort produced by GP lens could be
greater and unacceptable in these subjects. Moreover, in previous
soft CLs wearers, statistical differences (P<<0.05) in age, sphere, and
BCVA with spectacles were found between subjects that achieved
successful or unsuccessful GP lens wear (Table 2). These results
suggest that younger people with a higher refractive error and a lower
BCVA with spectacles are more likely to be successful when refit
with GP lenses.

Moreover, Polse et al.” found a 69.6% percentage of successful
GP fits when prescribing a spherical lens design in 1999. Nearly two
decades later, even with advances in manufacturing technology that
have permitted the development of new GP lenses with aspherical
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designs and high oxygen permeability materials, the percentage of
successful GP CLs fits remains similar (69.3% in our study). This
result suggests that successful GP wear may highly depend on a pa-
tient’s attitude and depend less on the relative impact of lens design,
material, and so on, in agreement with the recommendations of
Bennett et al.,'> which highlighted that an important factor that con-
tributes to achieving a successful GP fit is the method by which GP
lenses are presented and the information is provided to a patient.

Bennett et al.'> concluded in their study that information for all
types of CLs should be provided to a patient, including the positive
and negative factors related to each option, and that in the case of GP
lenses, if the practitioners present these lenses with a positive but
realistic attitude, explaining the benefits and the initial awareness that
are produced, then subjects are more likely to succeed in GP wear
during the initial critical period. Our study results provide evidence-
based results that can improve the information provided to subjects
and assist them when they choose a type of CL in clinical practice
because almost 7 of 10 subjects (69.3%) who start a GP lens fitting
process to correct a refractive error (refractive prescription) achieve
regular and comfortable GP lens wear times (Table 1).

However, for therapeutic prescriptions for subjects with kerato-
conus, pellucid marginal degeneration, corneal distortion or
irregularity, or have undergone refractive surgery or orthokeratol-
ogy treatment, the percentage of successful GP fits (96.7%) is
considerably greater than in subjects with healthy eyes (69.3%).
This difference in percentage of successful fits between refractive
prescriptions and therapeutic prescriptions could be related to the
great improvement obtained in BCVA when GP lenses are used in
patients with irregular cornea,'” which can have a great impact on
a patient’s quality of life.'® Orthokeratology subjects exhibit a great
attitude when choosing this type of lens and when wearing them
that may help them to accept the initial discomfort of GP lenses,
which could be limited, especially in overnight wear.

This study is not free of limitations. It is a single-center
retrospective study, and a multicenter, prospective, randomized
clinical trial could be necessary to clarify the percentage of
successful GP fits. This could include an assessment of the way
the information is presented to subjects for different types of
available lenses, a description of their advantages and disadvan-
tages, and the risks of CLs wear-related complications associated
with each CL type, and so on. Moreover, such a study could assess
the possible factors that can influence the success of GP lens wear,
including patient preferences and needs. Moreover, it would be of
great interest to monitor these subjects to know whether they wear
GP lenses over time.

CONCLUSIONS

Our study has revealed that following standardized CLs fitting
protocol, including clear and complete information regarding the

advantages and disadvantages of the different CLs types, a rela-
tively high percentage of successful GP fits could be achieved in
refractive prescriptions. In therapeutic prescriptions, the percentage
of successful GP fits was higher. These results improve the
information that can be provided to subjects at the beginning of
the CL fitting process, which can help subjects to choose a lens
type (by providing a them with positive and realistic attitude) and
help eye care practitioners in their CL clinical activities (by
providing evidence-based information).
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Rigid Gas Permeable Contact Lens Fitting
Using New Software in Keratoconic Eyes

. ; ORIGINAL ARTICLE

Sara Ortiz-Toquero*, Guadalupe Rodriguez*, Victoria de Juan', and Raul Martin®

ABSTRACT

Purpose. To determine the repeatability of the back optic zone radius (BOZR) of rigid gas permeable (GP) contact lens (CL)
proposed by new software for fitting in healthy and keratoconus eyes and to compare with the diagnostic CL fitting method.
Methods. Three consecutive corneal topographies (Oculus-Keratograph) were performed and analyzed with APEX new
software CL fitting (Hecht-Contactlinsen, Germany) in 40 healthy and 40 keratoconus eyes fitted with GP using conven-
tional diagnostic method. The coefficient of variation (CV) of the BOZR suggested by APEX was calculated. The BOZR of
both fitting methods (software versus diagnostic) were compared maintaining the same lens diameter.

Results. BOZR proposed by APEX showed good repeatability in healthy (CV = 0.32%) and keratoconus eyes (CV = 0.51%).
APEX proposed flatter BOZR than the diagnostic method in healthy (7.91 £ 0.24 and 7.84 +0.26 mm, p<0.01) and keratoconus
eyes (7.34 £ 0.38 and 7.23 = 0.37 mm, p < 0.01). A strong linear correlation in healthy (BOZR_Diagnostic_Method =
(BOZR_APEX x 1.06) — 0.53;p<0.01, R?=0.969) and keratoconus eyes (BOZR_Diagnostic_Method = (BOZR_APEX x 0.88) +
0.77; p < 0.01, R* = 0.825) was found. A detailed analysis showed a similar trend in different keratoconus stages
(Amsler-Krumeich classification); stage 1:7.42 £ 0.30 and 7.40 £ 0.25 mm, BOZR_Diagnostic_Method = (BOZR_APEX x 0.81) +
1.38,R*=0.973; stage 2:7.30£0.44 and 7.23 £0.38 mm, BOZR_Diagnostic_Method = (BOZR_APEX x 0.84)+1.07, R? =
0.929;andstage 3:7.33+0.39and 7.11+0.40 mm, BOZR_Diagnostic_Method = (BOZR_APEX x 0.93) + 0.28, R2=0.831.
Applying these regression formulas, the BOZR difference could be reduced in healthy (=0.01 £ 0.05 mm) and
keratoconus eyes (—0.01 £ 0.14 mm) for each keratoconus stage (0.01 £ 0.04, 0.03 £ 0.10, and 0.02 £ 0.16 mm in stages
1, 2, and 3, respectively).

Conclusions. APEX software provides repeatable BOZR in healthy and keratoconus eyes, but it tends to propose flatter
BOZR than the diagnostic method. APEX BOZR should be improved with new equations and helping with the GP fitting
procedure.

(Optom Vis Sci 2016;93:286-292)

Key Words: keratoconus, rigid gas permeable, contact lens fitting software

igid gas permeable (GP) contact lenses (CL) are the first
Roption in keratoconus patient management."* Keratoconus
is a progressive corneal disorder characterized by steepening
and thinning of the central and paracentral cornea,' ™ which results
in irregular astigmatism and decreased spectacle visual acuity.”
The fitting of GP lenses in keratoconus patients can be con-
sidered challenging® because the altered corneal topography often
requires long practitioner time and patient chair time, as well as

several diagnostic lenses to achieve a final acceptable GP lens.”””

*MSc

PhD

Departamento de Fisica Teérica, Atémica y Optica, Instituto Universitario
de Oftalmobiologia Aplicada (IOBA), and Optometry Research Group, IOBA
Eye Institute, School of Optometry, University of Valladolid, Valladolid, Spain
(all authors).

Currently, several corneal topographers, such as Orbscan
(Bausch&Lomb),*? Oculus-Keratograph (Oculus Optikgerite
GmbH),’ EyeSys 2000 (EyeSys Laboratories),'® Atlas (Humphrey),'
TMS1 (Tomey),'" or Medmont-300 (Medmont),'? incorporate
different computerized software-based CL fitting methods, which
employ corneal topography to determine the optimal GP lens pa-
rameters. The objective is to help eye care practitioners and simplify
the fitting procedure, especially in patients with irregular corneas,
such as keratoconus. The goal is to decrease the number of diagnostic
lenses necessary to achieve an acceptable CL fit, reducing the chair
time.>® Computerized software displays a simulated fluorescein
pattern, allowing for assessment of the quality of a CL fitand making
changes in the parameters or position of the simulated lens to obtain
the correct GP lens.” ™

However, the repeatability of the GP parameters proposed by
CL fitting software in normal and keratoconus patients has not
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TABLE 1.

287

CL design description. BIAS-S design was fitted in healthy eyes and KAKC design was fitted in Keratoconus eyes

BIAS-S

KAKC

Manufacturer

Design

Optical zone
Peripheral zone

Power (D)

BOZR (mm)

Total diameter (mm)
Standard total diameter
Material

Fit guidelines (BOZR)

9.60

Conoptica-Hecht Contactlinsen
Rotationally symmetric bi-aspheric
Spherical 14° central
Two aspheric zones
—30.00 to 30.00 (0.25 steps)
6.50 to 10.00 (0.05 steps)
7.00 to 12.20 (0.10 steps)

Boston ES/EQ/EO/XO/XO2
Flat meridian + 0.05

Conoptica-Hecht Contactlinsen
Spherical pentacurve
Spherical 5.5 to 7.00 mm*
Four spherical zones
—30.00 to 30.00 (0.25 steps)
4.80 to 8.90 (0.05 steps)
8.40 to 12.20 (0.10 steps)
9.20
Boston ES/EQ/EO/XO/XO2
Horizontal meridian — 0.10

*Optical zone decrease when BOZR decrease.

been previously reported; the clinical utility of these tools could
be affected by the decreased corneal topography repeatability
in irregular corneas.'>'* These software programs normally
use topographical keratometry and corneal eccentricity’ to cal-
culate a spherical or toric lens for an initial suggestion. More-
over, low to moderate agreement between software calculated
CL parameters and the final fitted lens has been reported in
keratoconus patients.5?

APEX is a new CL fitting software developed by Hecht
Contactlinsen GmbH (Baden-Wiirttemberg, Germany), and it is
available in different Oculus devices (Oculus-Easygraph, Oculus-
Keratograph, and Pentacam, Wetzlar, Germany). With this soft-
ware, the user can define the initial lens selection to match the
corneal features as closely as possible. However, the role of APEX
in GP lens fitting in healthy and keratoconus patients had not
been previously reported.

The aim of this study is to analyze the repeatability of the GP
proposed by APEX CL fitting software and compare this back
optic zone radius (BOZR) with the BOZR fit by the conventional
diagnostic methods in healthy and keratoconus eyes.

MATERIALS AND METHODS
Subjects

Eighty eyes in 62 patients successfully fitted with GP lens
were retrospectively analyzed to compare the BOZR of the final
fitted lenses with that proposed by the APEX software. Patients
were classified into two groups, healthy eyes and keratoconus
eyes. Independent corneal specialists confirmed the diagnoses
of keratoconus after a complete eye examination, which in-
cluded Scheimpflug topographical analysis and biomicroscopy

A KAKC F
T
Ascon ®/Sshei
Blas Tofic
BAT - KA
—==—
ESSENTIAL TP
QUADRO KC 20 (] 710 = eT 92
seeFree KC 30
SoftLens KAKCN
@KAKCF
KAKCI
KAKC Pro
orders
Settings
Help
‘ Hecht Suggestion ‘ | << FLUD >> ‘ ‘ ACL calculation
(Anpasser : ParentApp: TOPO  Version: 1.2.0.1 090772014 4
FIGURE 1.

APEX software screen showing the software menu (A), simulated fluorescein pattern (B), and clinically fluorescein pattern (C) of GP CL in the same

keratoconus eye.
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TABLE 2.

Summary of the mean of the age (years), spherical equivalent refractive error (D), and maximum (Sim K max) and minimum
(Sim K Min) simulated keratometry (mm) in healthy and keratoconus groups

Healthy group

Keratoconus group

Age (years)

Spherical equivalent refractive error (D)
Sim K max (mm)

Sim K min (mm)

29.6 £9.4 (12 to 48)

—=5.30 +5.37 (—=0.25 to —23.00)
7.71£0.23 (7.32 t0 8.12)
7.87 £0.28 (7.40 to 8.32)

35.6 £10.9 (19 to 55)
—3.53+4.19 (-0.25 to —13.25)

7.10 £ 0.41 (6.27 to 7.95)

7.44+£0.42 (6.62 to 8.17)

examination. The keratoconus stage was identified using the
Amsler-Krumeich classification. %13

Patients with any active ocular-surface disease, corneal opaci-
ties, glaucoma, use of medication that could affect ocular physi-
ology, and a history of any type of ocular surgery were excluded.
Eyes with stage 4 keratoconus, according to the Amsler-Krumeich
classification, were also excluded from the study to guarantee an
optimal quality of corneal topography. Healthy group patients
fitted with any type of GP toric design and those with corneal
astigmatism higher than 1.50 D were also excluded.

Informed consent was obtained from each subject after the
Human Sciences Ethics Committee of the University of Valladolid
granted approval of the study. All subjects were treated in ac-
cordance with the Declaration of Helsinki.

Contact Lens Fitting Procedure

A rotationally symmetric bi-aspheric GP lens design (BIAS-S GP;
Conoptica-Hecht Contactlinsen, Baden-Wiirttemberg, Germany)
and spherical pentacurve GP lens design (KAKC GP; Conoptica-
Hecht Contactlinsen) were fitted in healthy and keratoconus
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FIGURE 2.

Bland-Altman plot showing the repeatability of the BOZR suggested by
APEX in keratoconus (top) and healthy (below) eyes. The mean difference
(solid line) of the three repeated measurements was 0.00 = 0.03 mm and
LoA (discontinuous line) were —0.06 to 0.06 mm in both groups.

eyes, respectively. Table 1 summarizes both lens designs used in this
study. Four experienced practitioners, belonging to the same eye-care
center (IOBA Eye Institute), performed the GP CL fitting; the
practitioners work at a tertiary referral clinic that addresses patients
with irregular corneas and other eye disorders.

The BOZR of the first trial lens was selected based on the
keratometry value. This selected GP CL was inserted into the
subject’s eye to evaluate the static and dynamic fit after an ad-
aptation period of approximately 30 minutes. Changes in the GP
lens parameters were performed to find an acceptable fit of a well-
centered lens with adequate movement with blinking that pro-
vided a fluorescein pattern recommended by the manufacturer
(three-point touch in the keratoconus and alignment pattern in
the healthy group)."? Trials were repeated until an acceptable
static and dynamic fit was achieved. The parameters (BOZR and
lens diameter) of the prescribed GP CLs were analyzed.

Instrumentation

APEX (version 1.1.0.6) is a new CL fitting software developed
by Hecht Contactlinsen in association with Oculus. APEX pro-
poses a first trial lens according to the values of topographical
simulated keratometry readings and corneal eccentricity, and it
displays a simulated fluorescein pattern of the specified design of
CL to help in the GP lens fitting procedure including the specialty
design for keratoconus (KAKC GP lens) and healthy eyes (BIAS S
GP lens) included in this study (Fig. 1).

Three consecutive corneal topographies were performed with
the Oculus-Keratograph (Patient Data Management Software
version 6.02r24 and Examination Software version 1.75r11)
in the baseline visit. Topographic data were exported to APEX
software to determine and record the BOZR of the CL suggested
by APEX (using exactly the same design that was clinically fitted;
BIAS-S design in healthy eyes and KAKC design in keratoconus
eyes) for each corneal topography. The Oculus-Keratograph is
a Placido-based device with 22 rings that evaluate 22,000 points
on the anterior corneal surface. The repeatability of Oculus-
Keratograph topography in healthy and keratoconus eyes has
recently been reported, providing repeatable measurements of
the corneal power.'* The same blinded and experienced opera-
tors performed all Oculus-Keratograph measurements. The
corneal topographer was previously calibrated by the manufac-
turer. The patients were asked to perform a complete blink just
before each measurement to spread an optically smooth tear
film over the cornea. The patients moved their chin from the
chinrest between scans to eliminate the interdependence of suc-
cessive measurements.
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TABLE 3.
Summary of the mean and standard deviation (SD) of the BOZR calculated by the diagnostic method and BOZR suggested
by APEX
BOZR diagnostic BOZR Arithmetic Absolute
method (mm) APEX (mm) p value* R? difference (mm) difference (mm)
Healthy (n = 40) 7.84 £0.26 791 +0.24 <0.01 0.969 0.07 £0.05 0.07 £ 0.05
Keratoconus (n = 40) 7.23+£0.37 7.34£0.38 <0.01 0.852 0.11 £0.15 0.14 £0.12
Stage 1 (n=9) 7.40 £ 0.25 7.42 £0.30 0.25 0.973 0.03 £ 0.02 0.07 + 0.02
Stage 2 (n=17) 7.23+£0.38 7.30 £ 0.44 <0.01 0.929 0.07 £0.12 0.11 £0.09
Stage 3 (n = 14) 7.11 £0.40 7.33 £0.39 <0.01 0.831 0.21 £0.16 0.22 £0.16

The arithmetic and absolute mean and SD of the BOZR difference between both methods in healthy and keratoconus eyes are shown.

*Paired ttest (p < 0.05 statistically significant).

Data Analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. We used the
definition of repeatability from the British Standards Institu-
tion,'®!7 as recommended by Bland and Altman.'® A normal
distribution of variables was assessed using the Kolmogorov-
Smirnov test (p values >0.05 indicated that the data were nor-
mally distributed).

The BOZR of the GP CL (BIAS-S and KAKC GP design)
proposed by APEX to each corneal topography conducted in the
same visit was calculated and recorded. The intraclass correlation
coefficient (ICC; classified as follows: less than 0.75 = poor
agreement; 0.75 to less than 0.90 = moderate agreement; 0.90 or
greater = high agreement)'” was calculated and the differences
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FIGURE 3.

Bland-Altman plot showing the agreement between the BOZR suggested by
APEX software and the BOZR fit by the diagnostic method in keratoconus
(top) and healthy (below) eyes. The mean difference between APEX and the
BOZR fitted (solid line) were 0.11 + 0.15 mm (LoA (discontinuous line) of
—0.19 to 0.41) in keratoconus eyes and 0.07 + 0.05 mm (LoA of —0.03 to
0.17) in healthy eyes.

between the three BOZR were determined with a repeated
measured analysis of variance (RM-ANOVA) (p values <0.05
were considered statistically significant). The coefficient of vari-
ation (CV) of repeatability was calculated by dividing the standard
deviation by the mean value (normalized standard deviation) and
multiplying by 100 to represent the percentage value of the var-
iation [CV = SD/mean x 100 (%)] of the BOZR proposed by
APEX software.

As suggested by Bland and Altman, graphs of the differences
between pairs of BOZR obtained in the same session were plotted
against the average of the means of each pair of values (three data
points per subject) to ensure that there was no relationship be-
tween the differences and ranges of measurement. The limits of
the agreement (LoA) were calculated (mean of the difference +
1.96 x standard deviations).

BOZR differences between APEX and the diagnostic method
were compared with a paired 7 test. A p value <0.05 was considered
statistically significant. The mean value of the BOZR proposed by
APEX was used as the final value for comparison with the BOZR
prescribed with the diagnostic method. The same lens diameter
was maintained to guarantee the comparison between the BOZR
of the fitted lens (diagnostic method) and the BOZR calculated by
the APEX software.

The arithmetic and absolute mean difference of the BOZR were
calculated between the APEX and diagnostic fitting method. The
absolute difference was calculated to avoid the effect of positive
and negative differences that could affect the mean value. An
absolute difference could be clearly represented if the BOZR
proposed by the software is close to the final fitted BOZR.

Single linear regression (R* coefficient) was used to quantify the
correlation between the APEX BOZR and final GP lens that was
conventionally fitted and to propose an equation for improving
the BOZR suggested by the software. A p value <0.05 was con-
sidered statistically significant.

RESULTS

Sixty-two patients (35 women, 27 men) were included in the
study. The mean age of the total sample was 31.8 + 10.3 years
(range 12 to 55). Forty eyes of 40 patients (28 women, 12 men)
comprised the healthy group and 40 eyes of 22 patients (7 women,
15 men) comprised the keratoconus group (Table 2).

Good repeatability was found in the BOZR proposed by APEX
in both groups. The CV of the BOZR was 0.32% (95% CI: 0.24
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t0 0.39%) in the healthy group with ICC 0f 0.994 (95% CI: 0.991
t0 0.997, p = 0.846, RM-ANOVA) and 0.51% (95% CI: 0.38 to

0.63%) in the

keratoconus group with ICC of 0.989 (95% CI:

0.982 to 0.994, p = 0.323, RM-ANOVA) (Fig. 2).
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The BOZR of GP lens achieved with the diagnostic fitting
method and the BOZR proposed by APEX in healthy and keratoconus
eyes are summarized in Table 3. The difference between both
BOZR (APEX minus diagnostic method) is plotted in Fig. 3.
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Single linear regression analysis between the BOZR proposed by APEX and the BOZR calculated by the diagnostic method in different keratoconus severity
stages (Amsler-Krumeich classification).
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TABLE 4.

291

Summary of the mean and standard deviation (SD) of the BOZR calculated by the diagnostic method and BOZR calculated
by new equations to improve the BOZR suggested by APEX software

BOZR diagnostic BOZR calculated by Arithmetic Absolute
method (mm) new equations (mm) p value* R? difference (mm) difference (mm)
Healthy (n = 40) 7.84 £ 0.26 7.84 +0.26 0.48 0.969 —0.01 £0.05 0.04 £0.03
Keratoconus (n = 40) 7.23+0.37 7.23+0.34 0.42 0.852 —0.01 £0.14 0.11 £0.09
Stage 1 (n=9) 7.40 £0.25 7.39 £0.25 0.89 0.973 0.01 £0.04 0.03 £0.03
Stage 2 (n=17) 7.23 +£0.38 7.20 £ 0.36 0.37 0.929 0.03 £0.10 0.09 £ 0.06
Stage 3 (n = 14) 7.11 £0.40 7.10 £ 0.36 0.55 0.831 0.02 £0.16 0.13 £0.09

The arithmetic and absolute mean and SD of the BOZR difference between the diagnostic method and BOZR calculated with new

equations in healthy and keratoconus eyes is shown.
*Paired t test (p < 0.05 statistically significant).

A strong linear relationship was found in the BOZR between
the diagnostic fitting method and APEX in healthy (R2 =0.969,
p<0.01; BOZR_diagnostic_method (mm) = (BOZR_APEX (mm) x
1.06) — 0.53) and keratoconus eyes (R* = 0.852, p < 0.01;
BOZR_diagnostic_method (mm) = (BOZR_APEX (mm) x 0.88) +
0.77) (Fig. 4).

We analyzed the sample of keratoconus eyes by the severity
stage and found a similar trend with a strong linear relationship in
stage 1 (R*=0.973, p<0.01; BOZR_diagnostic_method (mm) =
(BOZR_APEX (mm) x 0.81) + 1.38), stage 2 (R = 0.929,
p < 0.01; BOZR_diagnostic_method (mm) = (BOZR_APEX
(mm) x 0.84) + 1.07), and stage 3 (R* = 0.831 p < 0.01;
BOZR_diagnostic_method (mm) = (BOZR_APEX (mm) X 0.93) +
0.28) (Fig. 5).

The BOZR of the GP lens calculated by the APEX software
could be improved with these new formulas in healthy and
keratoconus eyes (Table 4). The absolute differences between the
BOZR calculated by APEX software and the BOZR fitted by
diagnostic method could be reduced.

DISCUSSION

Keratoconus patients can be managed with glasses or soft CLs in
the early stages. However, as keratoconus progresses, the irregular
astigmatism often requires GP lenses that can improve the visual
acuity."? Fitting GP lenses in keratoconus often requires several
diagnostic lenses and can be considered more difficult than fitting
GP in healthy patients.”310

Computerized Placido disk-based videokeratography is the
most extensively used technique for keratoconus detection and
monitoring the progression of this condition. It is a valuable tool
for various patient management approaches, including the fitting
of specifically designed CLs.”®2° Moreover, different software
have been designed to help eye care practitioners in CL parameter
selection, proposing a BOZR and lens design and showing a
simulation of the fluorescein pattern.

To the best of our knowledge, this is the first report on the
repeatability of GP lens selections proposed by any CL fitting
software in healthy and keratoconus patients. The BOZR
suggested by APEX in healthy (CV = 0.32%) and keratoconus eyes
(CV = 0.51%) is repeatable. These results could be explained
because Oculus-Keratograph topography provides repeatable mea-
surements of the corneal power (simulated keratometry and

maximum corneal power) in healthy (CV <£0.22%) and keratoconus
(CV < 0.77%) corneal assessment.' As a result, a single Oculus-
Keratograph topography could be sufficient to fit GP lenses using
APEX software.

The fitting software, provided by different topographers, is
helpful in fitting CLs, but the first lens proposed by the software
usually requires some changes and input from an eye care prac-
titioner before it is considered clinically acceptable, especially in
irregular cornea management.>” !> Our results are in agree-
ment with previous reports; we found statistically significant
differences between the BOZR proposed by APEX and the di-
agnostic method in healthy and keratoconus eyes. Using the
software FITSCAN (Orbscan II topography) in a keratoconus
sample, Mandathara et al.® found that the BOZR provided by this
software was 0.22 mm flatter (mean difference) than the clinical
fit curve. Bhatoa et al.” stressed the existence of poor to moderate
agreement between the BOZR calculated by FITSCAN software
and the final BOZR in keratoconus patients. However, the
BOZR calculated with APEX showed a smaller difference with
the final lens fit (0.14 + 0.12 mm; absolute difference) in
keratoconus eyes, advancing the findings from previous reports.
The difference between the BOZR proposed by APEX and the
final fit lens could be related to the effect of the eccentricity
value. In a recent publication that analyzed the repeatability of
the Oculus-Keratograph, the eccentricity value showed lower
repeatability in healthy (CV = 5.79%) and keratoconus (CV =
14.53%) eyes,'® and this value is included in the BOZR calcu-
lation.” Moreover, the difference between the simulation of the
software and final CL fit may also be related to the repeatability of
the other CL fitting software corneal topographers and with the
effectof the eyelids in the lens movement or tear film and dynamic
fit assessment.”!2

We calculated the difference between two fitting methods in the
arithmetic and absolute value to improve the data presentation
because the mean value (arithmetic difference) could compensate
the positive (BOZR_APEX > BOZR_diagnostic_method) differ-
ences with negative (BOZR_APEX < BOZR_diagnostic_method)
differences, and the absolute difference could show the difference
between the final BOZR and APEX BOZR proposal. In healthy
eyes, we found the same arithmetic and absolute difference (0.07 +
0.05 mm) between two fitting methods; therefore, APEX tends to
propose the BOZR of GP at least as flat as the BOZR for the
conventional fitting method (positive difference). This bias could
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be minimized using the equation calculated for healthy eyes in
this study [BOZR_diagnostic_method = (BOZR_APEX x 1.06)
= 0.53)].

However, in keratoconus eyes, the difference (arithmetic
and absolute value) between the BOZR of both fitting methods
is higher than in healthy eyes. Generally, APEX suggested
flatter BOZR than the conventional fitting method; conse-
quently, the number of trial lens required for fitting the
KAKC GP lens using this software may be increased. For this
reason, we proposed some equations to improve the sug-
gested BOZR for the total keratoconus sample and for each
severity stage.

With these new formulas, the difference between the BOZR
that was initially proposed by APEX and the BOZR fitted by
diagnostic method (Table 3) in keratoconus eyes could be re-
duced (Table 4), but advanced keratoconus (stage 3) showed
greater differences than the lower disease stage. This could
be related to the high corneal irregularity in the advanced
keratoconus eyes. This may help practitioners select the BOZR
of the GP lens and reduce the number of trials, improving
the practitioner’s chair time and reducing the patient’s discom-
fort associated with multiple trials in the keratoconus GP lens
fitting procedure.

Nevertheless, further clinical research is needed to prove the
usefulness of these new equations in the correlation between the
BOZR proposed by the software and the final BOZR fitted with a
larger sample of keratoconus and healthy subjects. Moreover, a
comparison of the number of trial lens required to achieve the final
BOZR using both methods (diagnostic method versus APEX
software) could be interesting in future studies.

The APEX software for fitting GP CL provides repeatable
BOZR in both healthy and keratoconus eyes in combination
with Oculus-Keratograph topography. This software could be
useful in selecting the BOZR of GP lenses, but the software
tends to propose a flatter BOZR than conventional CL fitting in
healthy and keratoconus eyes. The BOZR suggested by APEX in
keratoconus eyes should be improved with new equations to re-
duce this difference, helping the practitioner in the keratoconus
GP lens fitting procedure.
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Purpose: To compare the current optometric practices and attitudes in the management of keratoconus
patients in the UK and Spain.

Methods: An online survey (adapted to optometric practices) was distributed via a newsletter emailed by
various professional organizations in the UK and Spain.

Results: Four hundred and sixty-four practitioners (126 in the UK; 338 in Spain) who prescribed gas

Keywords: permeable GP contact lenses (CLs) more than once per month (54.8% of UK practitioners and 28.1% of
::grl;atoconus practitioners in Spain; p <0.01) responded to the questionnaire. A combination of multiple factors is
Guidelines considered necessary in the keratoconus detection (79.4% in the UK, 75% in Spain; p=0.68), and the use of
Optometry classification criteria is considered relevant (67.5% in the UK, 70.7% in Spain; p=0.49). There is a high

consensus on the consideration that GP CL fitting is more difficult in keratoconus (79.4% in the UK, 80.5%
in Spain; p=0.79) requiring more diagnostic lenses (3.2+1.4 and 3.4+1.2 in the UK and Spain,
respectively; p=0.72) than are necessary for healthy eyes. Using corneal topography is uncommon from
both countries (38.1% in the UK, 59.8% in Spain; p < 0.01), with a similar ophthalmologist referral pattern
(at initial diagnosis, 50% in both the UK and Spain; p=1.00). Few cases of co-management with
ophthalmologists were noted (no co-management reported by 60.3% in the UK and 72.8% in Spain,
p=0.01).
Conclusion: This study provides initial observations and evidence regarding keratoconus management by
optometrists in the UK and Spain and shows similarity in the professional practices and attitudes of
practitioners in these two countries.

© 2017 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.

Professional attitudes

1. Introduction There are several ocular symptoms and signs of keratoconus

that are important in the diagnosis of this disease in a routine eye

Keratoconus is a progressive, bilateral and asymmetric corneal
disorder characterized by a thinning of the corneal stroma,
protrusion of the anterior corneal surface, and an irregular
astigmatism [1,2]. Keratoconus commonly appears during puberty,
in the second decade of life, and it progresses until the fourth
decade of life, at which point it generally stabilizes [1,2]. The
estimated prevalence in the general population has been 1 per
2000 [1,2], although a recent study raises this prevalence up to one
case per 375 habitants [3].

* Corresponding author at: IOBA Eye Institute, University of Valladolid, Paseo de
Belen, 17, 47011, Valladolid, Spain.
E-mail address: raul@ioba.med.uva.es (R. Martin).

http://dx.doi.org/10.1016/j.clae.2017.03.005

exam, such as significant loss of visual acuity which cannot be
compensated with spectacles, increasing against-the-rule astig-
matism, appearance of “scissor” shadows while performing
retinoscopy, or presence of biomicroscopy findings (Fleischer’s
ring, Vogt's striae, corneal scarring or Munson’s sign) [1,2]. In
addition, corneal topography and tomography are of paramount
importance in keratoconus diagnosis [2].

In the very early stages of the disease, spectacles and soft
contact lenses (CL) with toric design are adequate to correct
myopia and regular astigmatism [4,5]. When keratoconus pro-
gresses, rigid gas permeable (GP) CL with specific design to
keratoconic eyes are used to improve visual acuity because the tear
layer between the CL and the anterior surface of the cornea reduces

1367-0484/© 2017 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.
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visual distortion and forms a new regular optical surface [4,5],
thereby improving patients’ visual acuity. Moreover, in a patient
with advanced keratoconus or who has failed a trial of GP lenses,
other types of CL can be prescribed, as hybrid CL or scleral CL [4,5].

If the condition appears to be undergoing progression,
ultraviolet crosslinking (UV-CXL) has been proposed to halt
keratoconus progression [2,6]. The aim of the UV-CXL is to
increase the corneal rigidity and biomechanical stability of the
cornea to stop the progression of keratoconus and save patients’
vision [2,6] in early and moderate keratoconus patients (with
corneal thicknesses >400 wm younger than 40 years old) [2,6].

Intrastromal corneal ring segments (ICRS) can be indicated
when keratoconus patients have unsatisfactory vision with
spectacles and/or CL or when continued CL wear is intolerable
[2,6]. Finally, corneal transplant is the last option in the
management of keratoconus patients [2,6].

Optometrists are primary health care specialists trained to
examine the eyes to detect defects in vision, signs of injury, ocular
diseases or abnormality and problems with general health, as
highlighted by the College of Optometrists in the UK [7] and the
Spanish Council of Optometrists following Spanish’s regulations
[8]. Furthermore optometrists play a paramount role in the early
diagnosis and management of keratoconus [2,9], but little is known
about the reality of the optometric management of these patients
in Europe. In 2015, Hodge et al. [10] analysed the patterns of
practice and referral criteria of optometrists in Australia regarding
patients with keratoconus. However, there is no reported evidence
regarding the attitudes of optometrists involved in the manage-
ment of keratoconus patients in European countries, such as the
United Kingdom (UK) or Spain.

The aim of this study is to survey a large number of optometrists
and CL opticians in the UK and Spain to explore their current
practices and attitudes regarding the management of keratoconus
patients and describe how current practices and attitudes are
influenced by infrastructure such as corneal topographers and
years of experience.

2. Materials and methods
2.1. Questionnaire design

A questionnaire was specifically designed and adapted to
European (UK and Spain) professional practice, based on previous
questionnaires used to investigate the practice and attitudes of
optometrists in relation to keratoconus patients in other countries
[10] to facilitate results comparison. The questionnaire was
developed using Google Forms (www.google.com/forms/about/)
in English and Spanish languages. Prior to its dissemination, the
questionnaire was revised by five different experts (two from the
UK and three from Spain) to guarantee that the questions were
clear, understandable, and relevant to optometry practice in the UK
and Spain. A consensus was reached between the authors and
experts.

The questionnaire began with a brief explanation of the purpose
of the study and invited optometrists to provide anonymous
responses. The questionnaire comprised 17 questions (Appendix A
in the Supplementary material): Questions 1 to 8 asked about the
general CL practice of respondents. In the remaining 11 questions,
practitioners were asked to consider a statement with respect to
the management of Kkeratoconus; specifically, the statements
related to the detection of the disease, classification of severity, GP
CL fittings, patient management and referral practice. The majority
of questions were multiple choice, with several options provided
for respondents. Just one item (11.c) required an open-ended
response (concerning the disease classification that practitioners
used in their practice). All collected responses remained

anonymous, and the respondents consented to the use of the
data upon completion of the survey.

2.2. Data collection

A link to the online survey was distributed via a newsletter
emailed between April and August 2016 to local optometrists by
various professional organizations: the General Optical Council,
Association of Optometrists (including in the online version of the
journal Optometry Today) and British Contact Lens Association (via
social media) in the UK and The Spanish College of Optometrists in
Spain.

2.3. Data analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. Deviations of the
variables from a normal distribution were assessed using the
Kolmogorov-Smirnov test (p < 0.05 indicated that the data were
normally distributed). Descriptive data analysis was performed
with the mean =+ standard deviation (SD) in continuous variables
and/or percentages reported for each question.

Response frequencies were calculated, and the association
between practice variables was assessed with a chi-squared test for
ordinal categorical data.

Differences in years of experience (question 2) and diagnostic
lenses used in GP CL fittings (question 13) between practitioners in
the two countries were analysed for statistical significance using
Student’s t-test. P values <0.05 were considered statistically
significant.

3. Results
3.1. Demographic information

A total of 464 eye-care practitioners (126 practitioners [115
optometrists and 11 CL opticians] in the UK and 338 Spanish
optometrists) responded to the questionnaire. UK practitioners
reported a significantly higher number of years of experience
(21.5+13.3 years; range from 1 to 48) than did the Spanish
optometrists (16.0 + 9.0 years; range from 1 to 40) (p <0.01).

Only 38.1% of UK respondents had a corneal topographer in
their practice; however, the majority of Spanish respondents
(59.8%) reported the use of this device in their clinical practice
(p<0.01). Of all respondents who reported having a corneal
topographer, the most common technology was Placido-based
videokeratography (86.4% for UK respondents and 73.6% for
Spanish respondents), followed by the mixed (combined Plac-
ido-based with Scheimpflug) topographer (6.8% for UK respond-
ents and 13.2% for Spanish respondents), and Scheimpflug
topographer (6.8% for UK respondents and 5.1% for Spanish
respondents). Finally, 8.1% of Spanish optometrists with a corneal
topographer had more than one corneal topographer available.

Additional post-qualification or specific training on cornea and/
or CL was by approximately half of the respondents in each country
(61.1% for the UK and 50.3% for Spain; p =0.04); however, British
practitioners were more likely to be a member of some contact lens
association (31.0%) than Spanish optometrists (7.7%) (p < 0.01).

3.2. GP CL clinical practice

There was a difference in the rate of prescription of GP lenses
between practitioners in the two countries. UK practitioners
prescribed more GP lenses (54.8% prescribed GP CL once per month
or more) than were prescribed by the Spanish optometrists (28.1%)
(p<0.01)(Fig.1). The main barriers to fitting GP lenses reported by
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UK

SPAIN

GP CLs prescribed in
the last 12 months

1 Not at all

[ ] Less than once a month
B Once a month

mm Once a week

(| Every day

Fig. 1. Percentage of GP CLs prescribed in the two countries in the last 12 months.

practitioners of both countries were: time, cost to practice, lack of
experience and low demand for this type of lenses by patients who
prefer soft CL due to initial comfort.

More than a quarter of respondents (29.4% in the UK and 25.4%
in Spain) reported that they would fit more GP lenses if they
underwent further training in GP CL fitting. However, nearly a third
of respondents in the UK (31%) and nearly half in Spain (46.4%)
were unsure whether further training may help them to fit more
GP CL (p<0.01).

3.3. Keratoconus diagnosis and classification

Predominantly, respondents detected less than 5 new patients
with keratoconus per year, and this situation was similar in both
countries (65.1% in the UK and 65.7% in Spain; p=0.21). Several
practitioners detected between 5 and 10 new cases per year (18.3%
in the UK and 14.8% in Spain), and a small percentage detected
between 10 and 20 (2.4% in the UK and 6.5% in Spain) or more than
20 cases per year (8.7% in the UK and 2.1% in Spain). Finally, 5.6% of
respondents in the UK and 10.9% in Spain did not diagnose any new
cases of keratoconus in the last year.

In regards to investigations necessary to arrive at the diagnosis
of keratoconus, a majority of practitioners (79.4% in the UK and 75%
in Spain; p=0.68) considered that a combination of multiple
factors is necessary, including history, visual acuity, scissor
shadows in retinoscopy, manual keratometry, corneal topography
and slit lamp signs.

Generally, practitioners reported that the use of keratoconus
severity classification is relevant in clinical practice (67.5% in the
UK and 70.7% in Spain; p=0.50); however, only 7.1% in the UK and
17.8% of practitioners in Spain (p=0.01) use some type of
keratoconus classification. The most commonly used were:
Amsler-Krumeich, cone location, mild/moderate/severe or the
KSS (Keratoconus Severity Score) index.

3.4. Keratoconus management with GP lenses

Practitioners tended to consider GP CL fittings more difficult in
keratoconic eyes than in healthy eyes in both countries (79.4% in
the UK and 80.5% in Spain; p=0.79). The average number of GP
diagnostic lenses used in keratoconus CL fittings was 3.2 +14
(median 3; range 1-10) among UK practitioners and 3.441.2
(median 3; range 1-10) among Spanish optometrists (p=0.72)
(Fig. 2).

In regards to the method for choosing the back optic zone radius
(BOZR) of the first GP diagnostic lens in keratoconic eyes, the trend
is different between practitioners in the two countries. The
majority of UK practitioners calculate the BOZR of GP lenses using
manufacturer’s guidelines (based on manual keratometry [34.9%]
or based on corneal topography [23.0%]), followed by practitioners
who choose BOZR based on their own experience (22.2%),

practitioners who send the corneal topography to the manufac-
turer (16.7%) and a small number that use CL software (3.2%).
Meanwhile, in Spain, the most common method of calculating the
BOZR is to send the corneal topography to the manufacturer
(39.9%), followed by practitioners that follow manufacturer’s
guidelines (based on corneal topography [32.2%] or manual
keratometry [19.5%]) and a minority that select the BOZR based
on their own experience (5%) or using CL software (3.3%).

3.5. Keratoconus referral practice

In regards to referral patterns for patients with keratoconus, the
majority of respondents did not prefer to refer these patients to
another optometrist for CL fitting prior to consulting an
ophthalmologist for surgical intervention (56.3% in the UK and
50.3% in Spain; p < 0.01), while other practitioners were undecided
(23.8% in the UK and 38.5% in Spain).

Half of the practitioners in each country suggested referring
keratoconic patients to an ophthalmologist upon initial diagnosis
(50% in the UK and 50% in Spain; p=1.00). Other respondents
would refer to ophthalmologists when signs of progression are
detected (17.5% in the UK and 29.9% in Spain), if the patient shows a
reduction of visual acuity (8.7% in the UK and 5.6% in Spain), or at
the patient’s request (1.6% in the UK and 2.1% in Spain). However,
22.2% in the UK and 12.4% in Spain responded that there was no set
time for a referral to an ophthalmologist.

Finally, the majority of respondents do not participate in co-
management with ophthalmologists after surgical treatment
(60.3% in the UK and 72.8% in Spain; p=0.01).

45%- CJuk
.Spain

1 2 3 4 5 6 8 10
Diagnostic lenses in keratoconus GP fittings

Fig. 2. Number of diagnostic lenses used to fit a keratoconic eye with a GP CL in the
two countries (p=0.18, Chi-Square).
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Table 1
Responses to several questions for practitioners with and without a topographer in the two countries.
UK (126) Spain (338)
Question Response With Topographer (48)  Without Topographer (78) P With Topographer (202)  Without Topographer (136) P
#4 Yes 52.1% 30.8% 0.01 58.9% 36% <0.01
No 47.9% 69.2% 41.1% 64%
#5 Yes 45.8% 21.8% 0.04 11.4% 2.2% <0.01
No 54.2% 78.2% 88.6% 97.8%
#6 GP not prescribed  4.2% 15.4% 0.04 13.4% 441% <0.01
GP prescribed 95.8% 84.6% 86.6% 55.9%
#9 <5 58.3% 78.2% 0.02 62.9% 96.3% <0.01
>5 41.7% 21.8% 371% 3.7%
#12 Yes 64.6% 88.5% 0.02 78.7% 83.1% 0.33
No 35.4% 11.5% 21.3% 16.9%
#15 Yes 8.3% 26.9% 0.01 6.9% 17.6% <0.01
No 77.1% 43.6% 57.9% 39%
Maybe 14.6% 29.5% 35.1% 43.4%
#17 Yes 66.7% 23.1% <0.01  40.6% 7.4% <0.01
No 33.3% 76.9% 59.4% 92.6%

3.6. Practices and attitudes influenced by corneal topographer

Responses of practitioners based on the availability of corneal
topographer are shown in Table 1. It should be noted that
practitioners who have a topographer were more likely to
prescribe GP CL and detect more new patients with keratoconus
per year that those without topographer in both countries. Using
corneal topography did not produce a clinically relevant change in
the number of diagnostic lenses necessary to complete the GP
fitting procedure (p=0.31 for the UK and p = 0.05 for Spain, Mann-
Whitney U test) (Fig. 3). Finally, practitioners who have a
topographer were more likely to co-manage with ophthalmolo-
gists than respondents without a topographer in UK and Spain.

3.7. Practices and attitudes influenced by optometric experience

Table 2 exhibits the responses of practitioners according their
optometric experience in both countries. There seem no clinically
relevant differences in practices and attitudes in keratoconus
management in UK and Spain based on years of experience.
However, practitioners with <5 years of experience prescribed less
GP CL in Spain who those with more years of optometric practice.
Moreover, optometric experience seems not to influence the
number of diagnostic lenses used to achieve optimal GP CL fitting
in keratoconus in Spain; however, practitioners in the UK with less
experience indicated that a higher number of diagnostic lenses are

4
DWithout
topographer
.Wlth
34 topographer

Mean number of diagnostic lenses
- ]
1 1

UK Spain

Fig. 3. Mean number of diagnostic lenses used to fit a keratoconic eye with a GP CL
for practitioners with and without a topographer in the two countries.

necessary (Table 3). Finally, in Spain practitioners with <5 years of
experiences were more likely to refer a keratoconic patient to
another optometrist for contact lens fitting.

4. Discussion

Optometrists are primary health care specialists trained to
examine the eyes with the aim to detect defects in vision or ocular
diseases, such as keratoconus. Currently, a total of 14,975 and
14,642 optometrists were registered in Spain [11] and the UK [12],
respectively. The results of this survey shed light on the current
practice and attitudes in keratoconus patient management in these
countries, being the first investigation of optometric practice in
relation to this type of disease in Europe. The survey had better
reception in Spain, and there were more than three times as many
Spanish respondents as UK respondents; however, as is usual in
this type of survey [10] a low number of responses were received,
and these results must be interpreted with caution. Therefore, the
low level of participation in this survey provides a snapshot that
suggests that optometrists may be unaware of the importance of
investigations to improve their knowledge and their clinical
practice.

Placido disk-based videokeratography is the most extensively
used technique amongst corneal topographic assessments of the
corneal curvature [13,14]. The results suggest that the use of
corneal topographers is more common in Spain (59.8%) than in the
UK (38.1%), with a possible increase of this technology in the last
year, because in 2010, just 9.6% of UK optometrists reported having
a topographer (in a survey of 451 UK optometrists) [15]. Because
corneal topography assessment is highly recommended prior to
keratoconus diagnosis [2], it might be reasonable to assume that
UK practitioners would detect fewer new patients with kerato-
conus than would Spanish optometrists. However, no differences
were found between UK and Spanish respondents in the number of
new keratoconus cases detected. This could be due to several
reasons. For example, due to the prevalence of keratoconus,
practices with high patient turnover have a greater chance to
detect any eye disease; alternatively, because a combination of
multiple factors is necessary to detect keratoconus and not just
corneal topography assessment, clinical data such as the patient's
history, visual acuity, scissor shadows in retinoscopy, manual
keratometry findings, or slit lamp signs are of paramount
importance in optometry practice and keratoconus diagnosis
[1], as the results suggest.

Currently, there are a number of classifications of keratoconus
severity or staging based on morphology, ocular signs, refraction
and index-based systems proposed in the literature [16,17].
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Table 2
Responses to several questions for practitioners according to their optometric experience in the two countries.
UK (126) Spain (338)
Question Response <5 5-10 (12) 10-20 (24) >20 (68) P <5 (55) 5-10 (53) 10-20 (136) >20 (94) P
(22)
#4 Yes 22.7% 33.3% 45.8% 42.6% 0.32 43.6% 41.5% 37.5% 75.5% <0.01
No 77.3% 66.7% 54.2% 57.4% 56.4% 58.5% 62.5% 24.5%
#5 Yes 13.6% 33.3% 16.7% 41.2% 0.03 3.6% 3.8% 5.9% 14.9% 0.03
No 86.4% 66.7% 83.3% 58.8% 96.4% 96.2% 94.1% 85.1%
#6 GP not prescribed 9.1% 25% 4.2% 11.8% 0.34 45.5% 28.3% 25% 13.8% <0.01
GP prescribed 90.9% 75% 95.8% 88.2% 54.5% 71.7% 75% 86.2%
#9 <5 59.1% 83.3% 83.3% 67.6% 0.21 81.8% 75.5% 79.4% 69.1% 0.22
>5 40.9% 16.7% 16.7% 32.4% 18.2% 24.5% 20.6% 30.9%
#12 Yes 59.1% 83.3% 83.3% 83.8% 0.08 85.5% 83% 75% 84% 0.22
No 40.9% 16.7% 16.7% 16.2% 14.5% 17% 25% 16%
#15 Yes 22.7% 8.3% 29.2% 17.6% 0.16 18.2% 13.2% 9.6% 8.5% 0.03
No 50% 50% 37.5% 66.2% 32.7% 50.9% 48.5% 62.8%
Maybe 273% 41.7% 33.3% 16.2% 49.1% 35.8% 41.9% 28.7%
#17 Yes 40.9% 25% 25% 471% 0.18 16.4% 32.1% 27.2% 30.9% 0.21
No 59.1% 75% 75% 52.9% 83.6% 67.9% 72.8% 69.1%
Table 3 the respondents (29.4% in the UK and 25.4% in Spain) indicated that

Mean number of diagnostic lenses used by respondents in keratoconus GP CL
fittings according to optometric experience.

Spain (n) UK (n)
<5years 3.22+1.07 (55) 3.86+1.88 (22)
5-10 years 3.45+1.28 (53) 2.67+0.98 (12)
10-20 years 3.29+0.99 (136) 3.13+£1.03 (24)
>20years 3.52+1.48 (94) 3.07 £1.33 (68)
P-Value P=0.37 P=0.06

Unfortunately, there is no single clinically adequate classification
for keratoconus [2]. This lack of consensus in keratoconus
classification can be seen in the results of this survey. Only a
small percentage of practitioners (7.1% in the UK and 17.8% in
Spain) use some type of classification system in keratoconus
management, whereas most practitioners think that the use of
keratoconus severity classification is relevant in optometric
practice. More research and consensus might be necessary to
define and propose a keratoconus severity classification to be used
by eye-care practitioners.

Currently, the proportion of GP CL fittings in the general
population is clearly low compared with soft lens prescriptions
[18-20] and this type of lens is not considered the first choice
option to correct refractive errors in healthy patients [15,17]. A GP
fitting rate of less than 11% around the world has been reported
over the past decade, despite the theoretical advantages of this
type of lens [15,21]. In this survey a similar trend was found in both
countries, with a low percentage of GP lens fitting relating
primarily to the cost to practice, lack of experience and initial
discomfort. Hodge et al. [10] reported similar trends in an
optometric survey in Australia in which only 9.2% of the 71
respondents prescribed GP lenses daily (approximately 3% in the
UK and Spain), 47.7% prescribed GP lenses less than once per
month (34.9% in the UK and 46.2% in Spain) and 15.4% never
prescribed this type of lens (11.1% in the UK and 25.7% in Spain). It
was found that respondents with a topographer were more likely
to prescribe GP CL, a finding similar to previous reports [10].

In 2010, Gill et al. [15] analysed the effect of practitioner
attitudes on GP lens prescribing in the UK and found that the
practitioners know the benefits provided by GP lenses pertaining
to ocular health and refractive correction. However, Gill et al.
concluded that initial patient discomfort negatively influenced
practitioner attitudes because the patients prefer the initial
comfort benefit provided by soft lenses, and consequently, this
translates to reduced GP prescribing. However, close to a quarter of

they would fit more GP lenses if they underwent further training
courses about this type of CL.

Fitting of GP lenses in keratoconus patients is the first option for
visual rehabilitation of these patients [2-5] and improves their
quality of life [22,23]. However, this fitting is described in the
literature as challenging for eye care practitioners and patients,
because the irregular cornea often requires several diagnostic
lenses to achieve a final acceptable GP lens fit, which prolongs
practitioner and patient chair time [1,24,25]. The respondents
agreed with this fact, as a majority of practitioners (79.4% in the UK
and 80.5% in Spain) consider GP CL fittings more difficult in
keratoconic than in healthy eyes.

The average number of diagnostic lenses used by respondents
in keratoconus GP CL fittings was similar in the two countries (in
the UK 3.2 +£1.4 lenses and in Spain 3.4 + 1.2 lenses). These results
are similar to those reported by Nosch et al. [24], who
retrospectively analysed the GP lens fits in 68 eyes with irregular
corneal surfaces (75% of keratoconus eyes) and reported that
3.25+1.70 diagnostic lenses are necessary to complete GP CL
fitting. These results highlight the need to improve the GP fitting
procedure in Kkeratoconus eyes to decrease the number of
diagnostic lenses and reduce the practitioner and patient chair
time that is required to achieve an acceptable GP fit.

Optometrists and other eye-care professionals have a duty of
care to their patients and the results of this survey highlight that
there are no specific guidelines to manage or propose referral
patterns for patients with keratoconus in primary eye care [10].
Half of UK and Spanish practitioners refer the patient to an
ophthalmologist upon initial diagnosis, but only a minority (7.8%)
of Australian optometrists follow this practice [10]. However,
approximately 30% of respondents (20% in the UK) referred
patients to an ophthalmologist when signs of progression are
detected, similar to Australian optometrists [10]. This behaviour
could be influenced by the variety of clinical practice, because
some practitioners have an emphasis on the diagnosis rather than
the management of keratoconus. The American Academy of
Ophthalmology suggests that a keratoconus patient must be
referred to an ophthalmologist when glasses or CL cannot improve
visual function [26]. Hodge et al. [10] found a relative consensus to
refer a keratoconus patient when visual acuity is between 6/9 and
6/12 (an option chosen by 62.9% of surveyed optometrists), in line
with American Academy of Ophthalmology recommendations.
This criterion suggests that a large number of patients could
receive a treatment to reduce keratoconus progression after
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impairment in their visual acuity that induces a deep impact in
their quality of life [22,23]. Moreover, following this recommen-
dation is highly dependent on the capacity to provide an adequate
CL fitting in these patients [10]. So, evidence-based guidelines to
improve CL fitting in keratoconus could be necessary, because a
lack of consensus was found in the procedure to calculate the BOZR
of the first diagnostic lens (most respondents follow the
manufacturer recommendations, while a minority, less than 4%,
use CL software).

Co-management with ophthalmologists is low in the UK
(39.7%) and in Spain (27.2%) compared with Australian optomet-
rists (42.9%) [10]. These results suggest that there is a need to
increase co-management between optometrists and ophthalmol-
ogists, because new therapeutic options, such as collagen cross-
linking [27] or the insertion of intra-stromal corneal rings [28]
provide new opportunities for optometrists and ophthalmologists
to work together to optimize the treatment of keratoconus and
improve visual care in these patients.

Therefore, the results of this study highlight the great impact
that a routine management guideline for the treatment and
referral of keratoconus patients could have in primary eye care and
optometry practice, as previous reports proposed [10]. Some
clinical issues must be taken into consideration, because patients
under 30 years old could benefit from crosslinking treatment to
reduce Kkeratoconus progression [27], and corneal topography
monitoring is recommended yearly [10] 0.2 D of change in flat
meridian per year has been proposed as a threshold [29] with high
repeatable topographers in keratoconic cornea assessment [13,30].

A limitation of this study is the low number of responses
received from practitioners with an interest in CL practice. It was
not possible with the methodology used to determine an exact
completion rate for the questionnaire. However, a strength of this
study is that it is the first to analyse the current optometric practice
in relation to keratoconus in two European countries with high
standards in optometry practice, namely, the UK and Spain.
Regarding keratoconus disease, there did not appear to be clinically
significant differences between the two countries in the diagnostic
methods and in GP CL management (which is considered more
complicated than in healthy eyes), with a similar number of
diagnostic lenses required to achieve the optimal lens. Respond-
ents from both countries show a reasonable consensus regarding
the lack of clinical guidelines for management and referral of these
patients to ophthalmologists or other eye-care practitioners and
the necessity to increase co-management with ophthalmologists
to improve eye care in these patients. Finally, there is slight
differences in the scope of Optometry practice in the UK and Spain
that it is mainly related with the use of diagnostic drugs and
collaboration with public health care system. However, CL practice
it is similar in both countries, where Optometrists are the qualified
professional to prescribe CL, so the scope differences could be
showed low impact in the results and conclusions.

5. Conclusion

This survey provides initial observations and evidence regard-
ing current optometric practices in keratoconus management by
UK and Spanish practitioners. This study shows reasonably similar
attitudes regarding keratoconus diagnosis, management and GP CL
practice in the two countries, suggesting that keratoconus patient
care could be improved with new evidence-based guidelines for
the management and referral of these patients that would provide
guidance on GP CL fitting procedure, clarify corneal topography
monitoring criteria, determine referral criteria and enhance co-
management between optometrists and ophthalmologists.

Additional research and consensus between ophthalmologists
and optometrists are necessary to provide better eye care to

keratoconus patients, minimizing disease progression and visual
acuity impairment, providing the best treatment and increasing
patients’ quality of life.
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APPENDIX 1

Keratoconic patient management in Optometric practice
Dear Optometrist

We are working on a research project at Plymouth University (UK) and the University of
Valladolid (Spain), to establish how keratoconic patients are managed in Optometric practice.
So, we would be grateful if you could spend a few minutes of your time answering this short
questionnaire about your contact lens practice to help us in our research project.

Thank you very much

Dr. Martin and Ms Ortiz-Toquero

General Contact Lens Practice Questions

1. Please choose your qualification

Optometrist
Contact lens optician
Other (Choose):

2. How many years have you been practising for?

3.a. Does your practice own a corneal topographer?

Yes
No

3.b. If you answered “yes” to the previous question, what type of corneal topographer do
you use in your practice?

Placido-based videokeratography

Scheimpflug

Mixed (combined Placido-based with Scheimpflug)
Scanning-slit topography

Other

4. Have you completed any post qualification or specific training on Cornea and/or
Contact Lens?

Yes
No

5. Are you a member of any Contact Lens Association (e.g. British Contact Lens
Association)?

Yes
No

6. In the past 12 months, how often have you prescribed (either fit or refit) rigid gas-
permeable lenses?

Every day

Once a week

Once a month

Less than once a month

Not at all



7. What, if any, is the main barrier to fitting rigid gas-permeable lenses?
Time

Cost to practice

Experience

Not applicable

Other (please specify):

8. Would you consider prescribing more rigid gas-permeable lenses, if you were able to
undergo further training courses?

Yes

No

Maybe

Not applicable

Keratoconus Related Questions

9. How many new patients would you detect with keratoconus per year?

None
<5
5-10
10-20
>20

10. What investigations would you consider most important in making a diagnosis of
keratoconus?

History and visual acuity

Scissor shadows in retinoscopy

Manual keratometry and slit lamp signs

Corneal topography and slit lamp signs

Combination of the above

11.a. Do you think that a keratoconus severity classification seems relevant in the clinical
practice?

Yes

No

11.b. Do you use any classification of the keratoconus based on the cone location?

Yes
No

11.c. If yes, please indicate the name of the classification:

12. Do you consider rigid gas-permeable lens fitting more difficult in keratoconic eyes than
healthy eyes?

Yes

No

13. On average, how many diagnostic lenses do you need to use to fit a keratoconic eye
with a rigid gas-permeable lens?

1-10

14. How do you choose the back optic zone radius (BOZR) of the first diagnostic lens in
rigid gas-permeable lens fitting in keratoconic eyes?

2



I calculate the BOZR following manufacturer’s guidelines, based on corneal keratometry
I calculate the BOZR following manufacturer’s guidelines, based on corneal topography
I calculate the BOZR using my own experience

I calculate the BOZR using software for contact lenses fitting

I do not calculate the BOZR; I send the corneal topography to the manufacturer

15. Would you refer a keratoconic patient to another optometrist for contact lens fitting,
prior to referring an ophthalmologist for surgical intervention?

Yes
No
Maybe

16. At what stage would you consider referring the patient to an ophthalmologist?
Upon initial diagnosis

At patient’s request

With reduction of visual acuity

With progression of corneal signs

No set time

17. Do you currently co-manage patients with ophthalmologists after surgical treatment,
for example: collagen cross-linking or contact lens fitting following intra-stromal corneal
rings or penetrating keratoplasty?

Yes

No

Thank you for your time
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Gas permeable (GP) contact lenses (CL) are of paramount importance in keratoco-
nus patient management! to rehabilitate vision and improve patients’ quality of life (QoL).2
Different surgical and non-surgical options are available in keratoconus management. Early
stages could be managed with conventional optical corrections (spectacles and/or soft CL),
however if disease progress, and corneal irregularity affects to visual acuity GP (conventional
or with keratoconus specific design) lenses should be necessaries to patients’ visual rehabilita-
tion. Other alternative CL options (piggy-back, mini-scleral, semi-scleral, scleral designs etc.)
have been, also, proposed. If patients show CL intolerance or disease progresses and/or corneal
integrity could be affected surgical techniques are required.

Keratoconus diagnosis and management is a challenge. The first difficulty is related
with an accurate identification of keratoconus patient.* Clear diagnosis of early stage (in oppo-
sition to moderate or advanced disease), subclinical keratoconus, or how distinguish keratoco-
nus from other ectatic diseases imposes greater diagnostic challenges.** A complete eye exam
is necessary to confirm keratoconus diagnosis, make the differential diagnosis with subclinical
keratoconus and differentiate of other ectatic diseases. Anterior eye investigation; based on slit
lamp findings (stromal thinning, conical protrusion, Fleischer ring and Vogt striae); corneal
tomography (Scheimpflug or optical coherence tomography) assessing anterior and posterior
corneal surface; and full corneal thickness map analysis (because normal central thickness
could be present in keratoconus cornea) are mandatory. Anterior topographical analysis (Plac-
ido-based topographers) still plays a relevant role in keratoconus detection, especially in pri-
mary care, because these devices are one of the most extensively used in clinical practice*® and
aid to differentiate between keratoconus and pellucid marginal degeneration (PMD).! Patients’
history may identify major risk factors for keratoconus; such as: down syndrome, relatives of
affected patients, ocular allergy, Asian or Arabian ethnicity, eye rubbing, floppy eyelid syn-
drome, atopy, connective tissue disorders (Marfan syndrome), and others.®

The second challenge is related with disease classification because there is no clini-
cally adequate classification system for keratoconus disease.! Amsler-Krumeich classifica-
tion”8 and collaborative longitudinal evaluation of keratoconus (CLEK)® classifications are
the most commonly used to classify the keratoconus severity. Amsler-Krumeich classification
proposes four different levels using refractive, topographic and biomicroscopic corneal signs.
The CLEK classification® proposes to use the average corneal power and root mean square
(RMS) error for higher-order Zernike terms (derived from the first corneal surface wavefront)
combined with clinical biomicroscopic signs. However, both classifications fail to address cur-
rent information and technological advances! and a new classification criterion is necessary.
Although, there is a lack of consensus in this issue, high order corneal aberration analysis could
play a relevant role in future keratoconus classification® because larger values of vertical coma
has been founded in these patients.**** Clinical progression requires changes in at least 2 of
these 3 parameters; corneal steepening (anterior and/or posterior) and progressive corneal thin-
ning.! That means that disease progression is directly dependent of the accuracy and reliability
of the corneal device used in patient assessment.>*°
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After diagnosis and gradation of the keratoconus disease, management and treatment could be the third challenge. Two
major approaches; surgical and non-surgical management have been proposed, with the objective of halt progression of the disease
and patients’ visual rehabilitation. Non-surgical approach may be the first action in patient management (less invasive therapeutic
strategies), highlighting GP CL fitting to improve patients’ vision, although GP CL wear do not halt the progression of the disease.*?
Patient education avoiding eye rubbing is, also, necessary.'

Different surgical options are currently available without clear consensus regarding what could be the best surgical ap-
proach for keratoconus. Corneal cross-linking (CXL) has been proposed in patients younger than 40 years to halt disease progression
with limited evidence provided by properly conducted randomized controlled trial (RCT)™ and requires a well-documented clinical
progression or risk of progression patient. It is, also, unclear it uses in subclinical keratoconus patients.* Light improvement of visual
acuity (1 to 2 Snellen lines) could be expected after CXL.* Descemetic deep anterior lamellar (dDALK), in patients without Des-
cemet membrane compromise, or penetrating keratoplasty (PK) are the “techniques of choice” when a corneal transplant was needed
(in advance disease stages; severe corneal thinning; or in non-CL tolerant patients). These techniques achieved best-corrected visual
acuity of 20/40 or better in 3 of 4 patients,*® with insufficient evidence to determine which technique offer better overall outcomes.*®
Intracorneal ring segment (ICRS) increases corneal stability decreasing the astigmatism asymmetry helping in normalization of the
corneal contour with slight improvement of patients’ visual acuity,'?*” without clear consensus about its indication.

Notwithstanding, if patient is satisfied with their vision (with spectacles or CL) no surgical treatment is indicated (except
CXL), so visual rehabilitation of keratoconus patient is of paramount importance.! Although GP CL raises keratoconus patients’
visual acuity (VA) near to 20/20,'® achieve the correct lens parameters is a challenge to practitioners and patients'® requiring several
diagnostic lenses to achieve a final acceptable GP lens fit, which prolongs practitioner and patient chair time. To improve CL fitting
procedure, different CL design and strategies have been proposed. For example, the use of CL fitting software linked with different
corneal topographers could help in GP lens fitting?®? but, a lack in clinical studies that analyze the real impact of these software in
clinical practice exists. Some of these software propose GP lens with systematic bias that could be improve with new equations.?

Recently, a new clinically validated open access web-calculator (www.calculens.com) has been developed with the aim
to aid CL practitioners to calculate CL parameters of the GP lens to be fitted in keratoconus patients (European Academy of Optic
and Optometry 2016 Meeting). This new tool will allow that keratoconus patients receive the most adequate lens and help CL prac-
titioners to provide a sound fitting process, decreasing the number of diagnostic lenses, trials, and chair time to those achieved in
standard GP CL fitting.”® Therefore with this new tool, keratoconus management with GP CL will be not a challenge any more; and
both, patients and practitioners, will be benefited.

In conclusion, Keratoconus is a multifactorial disease with genetic, biochemical, biomechanical, and environmental patho-
physiology?; that requires a multiprofessional approach for early detection, correct diagnosis, follow-up, monitoring and adequate
patient management that involve; primary eye care practitioners, optometrists, CL practitioners and ophthalmologists with the last
aim to provide better care and improve patients’ quality of life.
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Repeatability of Placido-Based Corneal
Topography in Keratoconus

. i 3 ORIGINAL ARTICLE

Sara Ortiz-Toquero*, Guadalupe Rodriguez*, Victoria de Juan®, and Raul Martin®

ABSTRACT

Purpose. To determine and compare the repeatability of a Placido-based corneal topography (Oculus Keratograph) in a
sample of healthy and keratoconus eyes.

Methods. The corneal topography, determined using the Oculus Keratograph, of 25 healthy and 25 keratoconus eyes
was assessed three consecutive times. A single randomized eye was included per patient. Coefficient of variation (CV) of
the eccentricity, corneal diameter, index of surface variance, index of vertical asymmetry, keratoconus index (Kl), smallest
sagittal curvature radius (Rmin), aberration coefficient, and maximum corneal power and minimum corneal power (di-
opters) in the 3.0-mm zone in addition to the maximum corneal power point (MCPP) (diopters) were calculated and
compared between healthy and keratoconus eyes.

Results. Healthy eyes showed lower topographic values (p < 0.05) than keratoconus eyes, except with regard to the Rmin
value. Corneal diameter (p = 0.45) was similar in both groups. All variables showed good CVs in healthy and keratoconus
eyes (maximum corneal power [0.21 and 0.47%, respectively], minimum corneal power [0.19 and 0.36%], MCPP [0.22
and 0.77%], corneal diameter [0.27 and 0.33%], index of surface variance [4.82 and 3.10%], index of vertical asymmetry
[7.05 and 3.80%], KI [0.29 and 0.72%], Rmin [0.53 and 0.78%], and aberration coefficient [0 and 4.00%]) except for
the eccentricity CV (5.79 and 14.53%, respectively). Statistically significant differences (p < 0.05) between healthy and
keratoconus groups were found for all variables, except with respect to the MCPP, eccentricity, corneal diameter, K, and
Rmin (p > 0.07).

Conclusions. The Oculus Keratograph provides repeatable measurements of corneal topography in healthy and kerato-

conus eyes. These results could improve the topographical diagnosis of keratoconus, thus aiding in patient management.

(Optom Vis Sci 2014;91:1467—-1473)

Key Words: keratoconus, Placido disk-based videokeratography, repeatability, Oculus Keratograph

eratoconus is a progtessive corneal disorder characterized
Kby the thinning and steepening of the central and para-
central cornea, leading to protrusion.k4 This ectatic con-
dition is bilateral and asymmetric and appears during the second
decade of life, normally during puberty, progressing until the
fourth decade of life, when it usually stabilizes." > Corneal pro-
trusion causes high myopia and irregular astigmatism, affecting
between 50 and 230 subjects per 100,000 population.3
In the early stages, keratoconus patients can be managed with
glasses or soft contact lenses, but as keratoconus progresses, the
irregular astigmatism often requires rigid gas-permeable (RGP)
lenses that can improve visual acuity.® The surgery management
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of keratoconus can be approached through an intrastromal cor-
neal ring segment surgery or cross-linking. In the advanced stages,
corneal transplantation may be necessary.?

Placido disk—based videokeratography is the most extensively
used technique among corneal topographic assessments of the
corneal curvature. In keratoconus, information on the corneal to-
pography permits an early diagnosis in the absence of slit-lamp
findings."* Grading the keratoconus and monitoring its pro-
gression aid in patient management through different ap-
proaches, including the fitting of specifically designed contact
lenses.”® Moreover, this analysis is of paramount importance in
the preoperative assessment of patients undergoing corneal refrac-
tive surgery to avoid potentially undesirable side effects.®?

The Oculus Keratograph (Oculus Optikgerite GmbH, Wetzlar,
Germany) is a computerized Placido-based videokeratography
system that was developed especially for use by eye care practi-
tioners in such procedures as refractive surgery and the fitting of
RGP contact lenses.'?
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TABLE 1.
Amsler-Krumeich keratoconus classification

Stage | Eccentric steepening

Myopia and/or astigmatism < 5.00 D

Mean central K readings < 48.00 D

Vogt striae, no corneal opacities

Myopia and/or astigmatism from 5.00 to 8.00 D
Mean central K readings < 53.00 D

Absence of scarring

Minimum corneal thickness > 400 pm

Myopia and/or astigmatism from 8.00 to 12.00 D
Mean central K readings > 53.00 D

Absence of scarring

Minimum corneal thickness from 200 to 400 wm
Refraction not measurable

Mean central K readings > 55.00 D

Central corneal scarring

Minimum corneal thickness < 200 um

Stage |l

Stage llI

Stage IV

However, to our knowledge, the repeatability of this device has
been incompletely evaluated to date, with only a few reports pub-
lished on exclusively healthy eyes.!' Moreover, its repeatability in
keratoconus eyes has not been previously described. Understand-
ing the differences in repeatability between healthy and keratoconus
eyes may improve eye examinations and early diagnosis, especially
during preassessments of refractive surgery patients and RGP con-
tact lenses fitting.

Therefore, the aim of this study was to determine and compare
the repeatability of the main topographical indices provided by the
Oculus Keratograph in a sample of healthy and keratoconus eyes.

METHODS
This was a comparative, prospective, and single-masked study.

TABLE 2.
Corneal indices measured with the Oculus Keratograph

Subjects

Fifty eyes of 50 patients were randomized, included in the study,
and classified into two groups: healthy eyes (n = 25) and keratoconus
eyes (n = 25). The diagnoses of keratoconus were confirmed after
a completed eye examination, which included Scheimpflug to-
pographical analysis and biomicroscopy examination by indepen-
dent corneal specialists. The keratoconus stage can be identified
using the Amsler-Krumeich classification (Table 1).'* The research
team was blinded to the results of the eye examination conducted
before the diagnosis of keratoconus.

Patients with any active ocular-surface disease (e.g., significant
dry eye symptoms or keratitis), corneal opacities, pellucid mar-
ginal corneal degeneration, corneal astigmatism greater than 2.00
diopters (D) (except in the keratoconus group), glaucoma, use of
medication that could affect ocular physiology, and a history of
any type of ocular surgery were excluded. Eyes with stage IV kera-
toconus, according to the Amsler-Krumeich classification, were
also excluded from the study.

Informed consent was obtained from each subject after ap-
proval for the study was granted by the Human Sciences Ethics
Committee of the University of Valladolid. All subjects were
treated in accordance with the Declaration of Helsinki.

Instrumentation

Three consecutive corneal measurements were performed with
the Oculus Keratograph (Patient Data Management Software ver-
sion 6.02r24 and Examination Software version 1.75r11). The
Oculus Keratograph is a computerized Placido-based videokerato-
graphy device with 22 rings that evaluate 22,000 points on the an-
terior corneal surface with optional computerized corneal topography
software system for the fitting procedure of RGP contact lenses.

The corneal indices resulting from the Oculus Kerato-
graph assessment are summarized in Table 2. The same blinded

Corneal indices

Description

MaxP, D Simulated keratometry in the steepening meridian in the 3.00-mm zone
Calculated according to the formula D = (1.3375 — 1)*(1000)/R mm
MinP, D Simulated keratometry in the flattening meridian in the 3.00-mm zone
Calculated according to the formula D = (1.3375 — 1)*(1000)/R mm
MCPP, D Maximum power point represents the maximum corneal power of the anterior surface

Calculated according to the formula D = (1.3375 — 1)*(1000)/R mm
(in the entire measurement range, not in the 3.00-mm zone)

Eccentricity

Degree of corneal peripheral applanation, where 0 is a spherical cornea, positive is a

prolate ellipse, and negative is an oblate ellipse

Corneal diameter, mm

Horizontal limbus-to-limbus distance

ISV SD of the axial/sagittal radii of the measured eye from the mean value

IVA
as an axis of reflection

Measurement of the symmetry of the corneal radii relative to the horizontal meridian

Kl Ratio of the sagittal radii mean values in the top and bottom segments

Smallest sagittal curvature—Rmin

Smallest sagittal curvature radius in the entire measurement range

Aberration coefficient, %
the anterior surface

Value of the aberrations of the cornea calculated with Fourier and Zernike analysis of

The aberration coefficient is zero if no (single) coefficient deviates from the respective normal value
Healthy eyes have to show the value zero
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and experienced operators performed all Oculus Keratograph
measurements during all visits. The corneal topographer had
been previously calibrated by the manufacturer to be suitable
for use in this study. Patients were asked to perform a com-
plete blink just before each measurement to spread an opti-
cally smooth tear film over the cornea. They move their chin
from the chinrest between scans to eliminate interdependence of
successive measurements.

Data Analysis

Statistical analysis was performed using the SPSS 14.0 (SPSS,
Chicago, IL) statistical package for Windows.

We used the definition of repeatability from the British Stan-
dards Institution,'>'* as recommended by Bland and Altman.!®
Repeatability is the condition under which independent test re-
sults are obtained by the same method on identical test items in
the same laboratory by the same operator using the same equip-
ment with the shortest time lapse possible between successive
sets of readings.'® We investigated repeatability by obtaining three
Oculus Keratograph measurements in the same study visit; the
differences between three measurements were determined with
one-way analysis of variance (ANOVA) (p values < 0.05 were con-
sidered statistically significant). The intraclass correlation coeffi-
cient was also calculated. The coefficient of variation (CV) of
repeatability was calculated by dividing the SD by the mean value

TABLE 3.

Repeatability data of the Oculus Keratograph in keratoconus (n = 25) and healthy (n = 25) eyes

Group (n = 25) Mean + SD 95% ClI ICC CV, % Mean Diff + SD LoA
MaxP, D
Keratoconus 47.84 + 2.87 47.18 to 48.50 0.99 0.47 0.00 £0.23 0.45 to —0.45
Healthy 43.98 +1.43 43.93-44.32 0.99 0.21 0.00 £ 0.10 0.20 to —0.20
p* <0.01 — — <0.01 1.00 —
MinP, D
Keratoconus 4530+ 2.42 44.74-45.86 0.98 0.36 0.00 £ 0.24 0.46 to —0.46
Healthy 43.21 £1.31 42.91-43.50 0.99 0.19 0.00 £ 0.09 0.17 to —0.17
p* <0.01 — — <0.01 1.00 —
MCPP, D
Keratoconus 56.07 £ 5.99 54.69-57.44 0.96 0.77 0.00 £ 0.60 1.17to —1.17
Healthy 44.68 £ 1.31 44.38-44.98 0.96 0.22 0.00 £ 0.35 0.68 to —0.68
p* <0.01 — — 0.22 1.00 —
Eccentricity
Keratoconus 0.57 £0.31 0.50-0.64 0.93 14.53 0.00 £ 0.07 0.14 to —0.14
Healthy 0.48 +0.12 0.45-0.51 0.96 5.79 0.00 £ 0.03 0.06 to —0.06
p* 0.02 — — 0.16 1.00 —
Corneal diameter, mm
Keratoconus 11.76 £ 0.48 11.65-11.87 0.99 0.33 0.00 + 0.04 0.09 to —0.09
Healthy 11.82 £ 0.49 11.71-11.94 0.99 0.27 0.00 £ 0.04 0.07 to —0.07
p* 0.45 — — 0.43 1.00 —
ISV
Keratoconus 76.95 £ 26.74 70.80-83.10 0.98 3.10 0.00 + 3.01 5.89 to —5.89
Healthy 1717 £ 4.48 16.14-18.20 0.98 4.82 0.00 £ 0.88 1.72to —1.72
p* <0.01 — — 0.03 1.00 —
IVA
Keratoconus 0.89 £ 0.36 0.81-0.97 0.99 3.80 0.00 £ 0.03 0.07 to —0.07
Healthy 0.12 £ 0.05 0.11-0.13 0.97 7.05 0.00 £ 0.01 0.02 to —0.02
p* <0.01 — — <0.01 1.00 —
Kl
Keratoconus 1.20 £ 0.10 1.17-1.22 0.99 0.72 0.00 £ 0.01 0.02 to —0.02
Healthy 1.02 £0.02 1.01-1.02 0.97 0.29 0.00 £ 0.00 0.01 to —0.01
* <0.01 — — 0.07 1.00 —
Smallest sagittal curvature radius—Rmin, mm
Keratoconus 6.33 £ 0.50 6.22-6.45 0.98 0.78 0.00 = 0.06 0.13to —0.13
Healthy 7.59 +£0.23 7.53-7.64 0.98 0.53 0.00 £ 0.04 0.08 to —0.08
p* <0.01 — — 0.64 1.00 —
Aberration coefficient, %
Keratoconus 2.25+£0.54 2.25-2.37 0.96 4.00 0.00 £0.10 0.19 to —0.19
Healthy 0.00 — — 0.00 — —
p* <0.01 — — <0.01 — —

*Kruskal-Wallis ANOVA.

Cl, confidence interval; ICC, intraclass correlation coefficient; LoA, limits of agreement.
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(normalized SD) and multplying it by 100 to represent the per-
centage value of the variation [CV = SD/mean x 100 (%)].

As suggested by Bland and Altman,'® graphs of the differences
between pairs of measurements obtained in the same session di-
vided by the average of the means of each pair of readings were
plotted (three data points per subject) to ensure that there was
no relationship between the differences and the ranges of mea-
surement. The limits of agreement were calculated (mean of the
difference + 1.96*SDs).!>

Differences between the healthy and keratoconus eyes in all
the topographic outcomes (maximum corneal power [MaxP] and
minimum corneal power [MinP], maximum corneal power point
[MCPP], eccentricity, horizontal corneal diameter, index of sur-
face variance [ISV], index of vertical asymmetry [IVA], kerato-
conus index [KI], Rmin, and aberration coefficient) and between
the CVs were compared with nonparametric Kruskal-Wallis ANOVAs
(p values < 0.05 were considered statistically significant). If statis-
tical differences between healthy and keratoconus eyes were detected
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in topographic outcomes, a pairwise analysis was conducted to show
the differences with the stages of the keratoconus eyes according to
the Amsler-Krumeich classification (Games-Howell ANOVA; p
values < 0.05 were considered statistically significant).

RESULTS

Fifty patients (28 women, 22 men) were included in the study.
The mean (£SD) age of the total sample was 31.6 (+10.1) years
(range, 19 to 55 years).

Twenty-five eyes of 25 patients (19 women, 6 men) comprised
the healthy group, with a mean (+SD) age of 28.7 (£7.0) years
(range, 20 to 44 years) and a mean (+SD) spherical equivalent
refractive error of —1.07 (£1.50) D (range, +1.00 D to —4.50 D).

Twenty-five eyes of 25 patients (9 women, 16 men) comprised
the keratoconus group (4 keratoconus eyes in stage I, 14 eyes in
stage I, and 7 eyes in stage I1I, according to the Amsler-Krumeich
classification) with a mean (+SD) age of 35.6 (£10.5) years (range,
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19 to 55 years) and a mean (+SD) spherical equivalent refractive

error of —4.33 (+4.23) D (range, —0.50 to —13.25 D).

Corneal Topography Outcomes

All the Oculus Keratograph indices in healthy and keratoconus
eyes are summarized in Table 3. The differences between the
healthy and keratoconus topographical indices were statistically
significant (p < 0.02, Kruskal-Wallis ANOVA), except in the
horizontal corneal diameter (p = 0.45, Kruskal-Wallis ANOVA).
These differences were statistically significant between healthy eyes
and stage I Amsler-Krumeich (p < 0.03, Games-Howell ANOVA)
exceptin MaxP (p = 0.15), MinP (p = 0.27), eccentricity (p = 0.17),
and Rmin (p = 0.06). Healthy eyes showed statistically significant
differences with stage IT Amsler-Krumeich eyes in all variables ex-
ceptin MinP (p = 0.12) and eccentricity (p = 0.86). Finally, healthy
eyes showed statistically significant differences with stage III Amsler-
Krumeich eyes in all topographical indices.

Corneal Topography Repeatability

Good repeatability was found in the MaxP, MinP, MCPP
(Fig. 1), eccentricity, horizontal corneal diameter (Fig. 2), ISV, IVA,
KI, Rmin (Fig. 3), and aberration coefficient, without statistically
significant differences between the three measurements (p > 0.94,
ANOVA) in all topographical outcomes. Keratoconus eyes showed
higher CV and limits of agreement than healthy eyes (Table 3 and
Figs. 1, 2, and 3) except in ISV and IVA coefficients. Eccentricity
showed a CV of 5.79% in healthy eyes and a CV of 14.53% in
keratoconus eyes. The aberration coefficient had a value of zero in
healthy eyes and a good repeatability in keratoconus eyes.

Statistically significant differences in the CV (Table 3) between
groups (p < 0.05, Kruskal-Wallis ANOVA) were found for all
Oculus Keratograph outcomes, except for MCPP (p = 0.22),
eccentricity (p = 0.16), horizontal corneal diameter (p = 0.43), KI
(p = 0.07), and Rmin (p = 0.63).
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DISCUSSION

Placido-based anterior corneal topography is an affordable and
valuable tool for the screening and management of keratoco-
nus."®71¢ To the best of our knowledge, the repeatability of the
topographic corneal measurements assessed using the Oculus Kera-
tograph in keratoconus patients has not been previously reported.

Placido-based videokeratography is a reflection-based technique
that is therefore likely to suffer from a similar decrease in repeat-
ability with increased corneal steepness, irregularity, and scarring.
Our study demonstrated that the Oculus Keratograph is a repeat-
able device in both healthy and moderately keratoconus eyes that
can be used to detect keratoconus in addition to a clinical exami-
nation and can be helpful in the management of this disease.

A corneal power higher than 45.00 D is considered a key find-
ing in suspected ectatic conditions’; hence, a repeatable measure-
ment of simulated keratometry is necessary for the assessment of
these patients. Good repeatability was found for Keratograph-
simulated keratometry (MaxP and MinP) in both healthy
(CV <0.22%) and keratoconus (CV < 0.47%) eyes. The repeatability
of Keratograph in healthy eyes was recently tested by Mao et al.'!
who reported similar CV (0.23% in MaxP and 0.22% in MinP),
according with our results.

Wang et al.!” also found a similar CV in the simulated kera-
tometry for MaxP (CV =0.29%) and MinP (CV = 0.23%) using the
Allegro Topolyzer (with similar capturing camera and analysis soft-
ware to Keratograph) in 35 healthy eyes, in accordance with our
results. Kawamorita etal.'® found a higher CV (>0.35%) in healthy
eyes with the Pentacam (Oculus Optikgerite GmbH) and Keratron
(Optikon 2000 SpA), whereas Montalban et al.,'? using a Sirius
topographic system (Costruzione Strumenti Oftalmici), found a CV
of 0.36% for the MaxP and MinP of healthy eyes.

However, there is a lack of studies that directly analyze the
repeatability of corneal topographic outcomes in keratoconus eyes.
Szalai et al.?® reported a coefficient of repeatability higher than
1% for simulated keratometry with the Pentacam (1.56 and 2.08%
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for the MaxP and MinP, respectively) and the anterior-segment
OCT system (1.09 and 1.27% for the MaxP and MinP, respec-
tively) in 84 keratoconus eyes. McMahon et al.?! reported CVs of
0.80 and 1.22% for the MaxP and MinP, respectively, using TMS-1
topography. Thus, the Oculus Keratograph has a better repeat-
ability (0.47 and 0.36% for the MaxP and MinP, respectively) in
simulated keratometry in keratoconus eyes than that found in
previous reports.

The horizontal corneal diameter was not different between
healthy and keratoconus eyes (p = 0.45), suggesting a limited
utility in keratoconus detection. Horizontal corneal diameter is
an important parameter in the selection of the diameter of RGP,
and the Oculus Keratograph showed excellent repeatability in both
study groups (CV < 0.36%).

To our knowledge, the repeatability of the eccentricity has not
been reported previously with any topography device in either
healthy or keratoconus eyes. Eccentricity is a relevant parameter in
the selection of initial trial RGP contact lenses.?>*> However, the

high CV suggests that this value should be used with caution in
RGP contact lens fitting using this device.

The Oculus Keratograph provides a variety of corneal indices
developed especially for the detection of keratoconus. Different
cutoff values for each index were proposed to help in the kerato-
conus diagnosis, including a score higher than 37 for the ISV index,
a score higher than 0.28 for the IVA index, a score higher than 1.06
for the KI index, and a score lower than 6.71 mm for the Rmin.**
Our results are in agreement with these values with statistically
significant differences between healthy and keratoconus eyes for all
of these outcomes. Index of surface variance showed greater dif-
ferences than other Keratograph’s corneal outcomes between both
study groups. These topographic indices (especially KI and Rmin
with a CV < 1.00%) are repeatable in both healthy and keratoconus
eyes. These results suggest that these indices may aid in the detec-
tion of keratoconus with the Oculus Keratograph.

Complementary clinical information is provided by refrac-
tive wavefront maps.?”> Keratoconus induces severe corneal
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irregularities and, consequently, elevated corneal aberrations.?
The Oculus Keratograph analyzed Zernike polynomials to de-
scribe several orders of corneal wavefronts, in particular the third-
order values, or coma, as these aberrations are the most affected by
ectatic conditions such as keratoconus.?! Additionally, the soft-
ware calculates the so-called aberration coefficient from Fourier
and Zernike coefficients. Values exceeding a score of 1.0 suggest
an irregular corneal surface with a reduction of the corneal optical
quality.24 The aberration coefficient was higher in keratoconus
eyes than in healthy eyes (with a value of zero). Thus, wavefront
analysis can be beneficial in the early detection, diagnosis, and
management of keratoconus patients.

CONCLUSIONS

The Oculus Keratograph provides repeatable measurements
of the principal corneal indices (simulated keratometry, MCPP,
horizontal corneal diameter, eccentricity, ISV, IVA, KI, Rmin,
and aberration coefficient) in healthy and keratoconus eyes. These
measurements may improve the topographical diagnosis of kera-
toconus when used in combination with a clinical examination and
may also facilitate keratoconus patient management.
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ORIGINAL ARTICLE

Repeatability of Wavefront Aberration
Measurements With a Placido-Based
Topographer in Normal and Keratoconic Eyes

Sara Ortiz-Toquero, MSc; Guadalupe Rodriguez, MSc; Victoria de Juan, PhD; Raul Martin, PhD

ABSTRACT

PURPOSE: To determine and compare the repeatabil-
ity of anterior corneal higher order aberrations (HOAs)
using a Placido-based topographer (Allegro Topolyzer;
WavelLight Technologie AG, Alcon Laboratories, Erlan-
gen, Germany) in a sample of normal and keratoconic
eyes.

METHODS: Three repeated measurements of each cornea
of normal and keratoconic eyes were taken with the Allegro
Topolyzer. Repeatability of the HOAs (3rd- and 4th-order
individual values and normalized polar Zernike coefficients,
coma-like, root mean square (RMS) up to 8th-order val-
ues, HOA RMS, and total RMS for 6-mm pupil diameter)
and central corneal power (3-mm pupil) were analyzed.
Within-subject standard deviation (S,), precision, repeat-
ability, coefficient of variation (CV), and the intraclass cor-
relation coefficient (ICC) were calculated.

RESULTS: Zernike coefficients were significantly dif-
ferent between the normal (36 eyes of 36 patients)
and keratoconus (36 eyes of 36 patients) groups (P <
.03) except in Z*1,, 7*3,, 7*,, and Z*4,. In the normal
group, S, was 0.031 um or less, CV ranged from 6.49%
(spherical aberration) to 37.18% (secondary astigma-
tism), and ICC values ranged from 0.227 to 0.982. In
the keratoconus group, S, was 0.059 um or less, CV
ranged from 2.06% (total RMS) to 25.82% (tetrafoil),
and ICC values ranged from 0.839 to 0.996. In ana-
lyzing the keratoconus stages (Amsler—-Krumeich clas-
sification), the repeatability of the Zernike coefficients
tended to improve with increasing keratoconus stage.

CONCLUSIONS: The repeatability of corneal wavefront
aberration provided by the Allegro Topolyzer was better
in keratoconic eyes (good and moderate repeatability)
than in normal eyes (moderate and poor repeatability).
These results are important to eye care practitioners
and refractive surgeons during refractive surgery plan-
ning or keratoconus detection, classification, and man-
agement.

[J Refract Surg. 2016;32(5):338-344.]

avefront aberrations can be defined as differ-
ences from the perfect optical system, in which
the rays that form the image of a point coincide

in a single point.! In the eye, wavefront aberrations can be
divided into two types: low order aberrations, which can be
corrected using spectacles (sphere and cylinder), and higher
order aberrations (HOAs), which cannot be corrected with
standard methods.’? Wavefront analysis allows a detailed
assessment of the corneal surface (corneal wavefront) or the
entire eye (wavefront).!

Currently, HOA assessment is important in corneal refrac-
tive surgery in the development of custom ablations based on
corneal topography,® intraocular lens implantation,* contact
lens fitting,> myopia control,® or the diagnosis and follow-up
of irregular or ectatic corneal conditions (eg, keratoconus,
pellucid marginal degeneration, or iatrogenic ectasia).” More-
over, the aberration measurements of the anterior corneal sur-
face have been used in the identification and gradation of the
severity of keratoconus disease,?? particularly in early cases
without slit-lamp findings.*?

The Allegro Topolyzer (WaveLight Technologie AG, Alcon
Laboratories, Erlangen, Germany) is a computerized Placido-
based videokeratography system that was developed for use
in refractive surgery procedures. The Allegro Topolyzer cor-
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neal topographer is exportable and can be linked with
the WaveLight Excimer Laser systems, allowing cus-
tomized, topography-guided surgical treatments.?

The success of clinical applications of wavefront
analysis depends on the repeatability of the topograph-
ic corneal data measurements.? Moreover, knowledge
of repeatability is mandatory to introduce any device
into clinical practice,!! but, to the best of our knowl-
edge, there are no previous reports on the intrasubject
repeatability of the Allegro Topolyzer for wavefront
aberrations in normal and keratoconic eyes. Thus, the
aim of the current study was to determine and com-
pare the repeatability of the anterior corneal surface
HOAs provided by the Allegro Topolyzer in a sample
of normal and keratoconic eyes.

PATIENTS AND METHODS
This study was a prospective, clinic-based, observa-
tional and single-masked investigation.

PATIENTS

The patients in this study were divided into the
following two study groups: normal and keratoconic
eyes. A randomly selected single eye of each patient
was chosen for the study. Independent corneal spe-
cialists confirmed the diagnosis of keratoconus after a
complete eye examination, which included Scheimp-
flug analysis and anterior eye biomicroscopy assess-
ment. The keratoconus stage was identified using the
Amsler—Krumeich classification.'?

Patients with any active ocular surface disease, cor-
neal opacities, glaucoma, use of medication that could
affect ocular physiology, or a history of any type of oc-
ular surgery, pellucid marginal corneal degeneration,
or corneal astigmatism greater than 2.00 diopters (D)
(except in the keratoconus group) were excluded. Eyes
with stage 4 keratoconus according to the Amsler—Kru-
meich classification were also excluded from the study
to guarantee an optimal quality of corneal topography.
Normal patients showed a corrected distance visual
acuity of 20/20 and refractive errors of +5.00 diop-
ters. Contact lens wear was discontinued for at least 2
weeks before the eye examination.

Informed consent was obtained from each patient
after the Human Sciences Ethics Committee of the Uni-
versity of Valladolid approved the study. All patients
were treated in accordance with the tenets of the Dec-
laration of Helsinki.

INSTRUMENTATION

The Allegro Topolyzer is a diagnostic device based
on the Placido disk system supported by 22 measure-
ment rings with 22,000 elevation points. Its software

module allows data transfer from the Allegro Topolyz-
er to the WaveLight Excimer Laser systems and enables
customized topography-guided treatments. A Zernike
analysis of the anterior corneal surface up to the 8th
order was computed.

MEASUREMENT PROCEDURE

Three separate measurements of each cornea were
taken with the Allegro Topolyzer topographer (Ex-
amination Software Version 1.76r45 FW1.19) follow-
ing the manufacturer’s guidelines in a darkened room.
The patients were asked to perform a complete blink
just before each measurement to spread an optically
smooth tear film over the cornea. The patients moved
their chin from the chinrest between scans to elimi-
nate the interdependence of successive measurements.
The patients were repositioned and the device was
realigned after each measurement. Poor quality topog-
raphies with an “Analyze Area” value less than 70%
were deleted (these included artefacts from tear film
or movement and shadows from eyelids, eyelashes, or
nose). The same experienced operator performed all
measurements and the device was calibrated before
the study.

MEASUREMENTS OBTAINED

The individual values of Zernike coefficients of the
3rd [Z3,; 7, Z7,; 7+5,] and 4th [Z4; 725 7°,; Z+%,; Z+,]
orders of each corneal assessment were collected from
the Allegro Topolyzer display (Option Display — Zernike
Analysis of the Software Version 1.76r45 FW1.19). The
normalized polar Zernike coefficients (coma [Z*,]; trefoil
[Z#3,], secondary astigmatism [Z*2,]; and tetrafoil [Z**,])
that combine the paired terms in the same order to give
a single value (ie, the 3rd-order coma [Z*!,] was obtained
with the combination of vertical coma [Z,] and horizon-
tal coma [Z*,]) were also recorded. Root mean square
(RMS) (3rd to 8th order), HOA RMS (3rd to 8th order),
and total RMS (1st to 8th order) also calculated for each
corneal assessment. Coma-like (3rd, 5th, and 7th order)
was analyzed for its usefulness in keratoconus classifica-
tion.? All wavefront measurements were recorded with a
6-mm optic diameter. Maximum and minimum anterior
corneal powers in the 3-mm zone were also recorded in
all patients. The Allegro Topolyzer provided the indi-
vidual values of Zernike coefficients in Malacara nota-
tion,!® but the results are presented in Optical Society
of America standard notation to compare with previous
studies.’*!® Malacara notation was converted to Opti-
cal Society of America standard notation following the
manufacturer recommendations (the orientation of the
Zernike coefficients were swapped, maintaining the co-
efficient value in microns).
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STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS for
Windows software (version 15.0; SPSS, Inc., Chica-
go, IL). The intraobserver repeatability of the set of
three consecutive measurements of each wavefront
coefficient was calculated using the following five
parameters: within-subject standard deviation (S _),"°
intrasubject precision (1.96 x S , which shows the er-
ror range for 95% of the repeated measurements and
the true value),'® repeatability (2.77 x S, which de-
fines the difference between two measurements of the
same patient for 95% of pairs of observation),'® coef-
ficient of variation (CV; percentage value of the mea-
surement’s variation and defined as the ratio of the S |
to the overall mean [CV = S /mean x 100 (%)]),'® and
the intraclass correlation coefficient (ICC; classified
as follows: less than 0.75 = poor agreement; 0.75 to
less than 0.90 = moderate agreement; 0.90 or greater =
high agreement).’” The CV of the individual Zernike
coefficients was not computed because the mean val-
ues for individual Zernike coefficients can be positive
or negative.

A normal distribution of variables was assessed us-
ing the Kolmogorov—Smirnov test (P > .05 indicated
that the data were normally distributed). Differences
between normal and keratoconic eyes in all HOA data
and between all calculated repeatability coefficients
(S, precision, repeatability, CV, and ICC) were com-
pared with non-parametric Mann—Whitney U tests (P <
.05 were considered significant). Differences between
the aberrometric measurements by the keratoconus
stage according to the Amsler—Krumeich classification
were also calculated with a non-parametric Kruskal-
Wallis analysis of variance (P < .05 were considered
significant) to assess the diagnostic and classification
utility of the HOAs in management of patients with
keratoconus. If significant differences between kera-
toconus stages were detected, a pairwise analysis was
conducted (Mann—Whitney U with Bonferroni correc-
tion was used, and a P value of .05/3 = .0017 was used
to judge significance).

RESULTS

Intraobserver repeatability was analyzed in 72 eyes
of 72 patients divided into two study groups (normal
and keratoconus). In the normal group, 36 eyes of 36
patients (28 women, 8 men) were included, with a
mean age of 29.4 + 8.2 years (range: 19 to 50 years) and
a mean spherical equivalent refractive error of -1.47 +
1.75 D (range: +1.50 to -5.00 D). Thirty-six eyes of 36
patients with keratoconus (11 women, 25 men) com-
prised the keratoconus group (12 keratoconic eyes in
stage I, 12 eyes in stage II, and 12 eyes in stage III, ac-

cording to the Amsler—Krumeich classification); the
mean age of this group was 36.9 + 10.5 years (range: 19
to 58 years) and the mean spherical equivalent refrac-
tive error was -4.45 + 4.25 D (range: -0.50 to -14.00 D).
Maximum and minimum anterior corneal powers and
their repeatability assessment by group are shown in
Table 1.

Table A (available in the online version of this
article) shows the intraobserver repeatability results
for the wavefront aberrations in normal and kerato-
conic eyes. All modal pairs were significantly differ-
ent between the normal and keratoconus groups (P <
.03) except in Z*',, Z**,, Z*,, and Z**,. In the normal
group, the S was 0.031 um or less, the CV ranged
from 6.49% for spherical aberration to 37.18% for
secondary astigmatism, and the ICC values ranged
from 0.502 to 0.982 for Zernike coefficients and from
0.227 to 0.925 for RMS values. In the keratoconus
group, the S was 0.059 um or less, the CV ranged
from 2.06% for HOA total RMS to 25.82% for tetra-
foil, and the ICC values ranged from 0.943 to 0.996
for Zernike coefficients and from 0.839 to 0.996 for
RMS values.

Intraobserver repeatability results of the wavefront
aberrations analyzed by keratoconus stage are sum-
marized in Table B (available in the online version of
this article). The mean value of all normalized polar
Zernike coefficients and RMS values tended to in-
crease (in absolute magnitude) from stage I to stage III
(Figure 1). The S was 0.064 pm or less in three stages
of keratoconus and the CV decreased (better repeat-
ability) with increasing keratoconus stage in coma, tre-
foil, coma-like, and 3rd- and 4th-order HOAs, and total
RMS value (Figure 2).

DISCUSSION
In the current study, the repeatability of maximum
and minimum corneal powers provided by the Alle-
gro Topolyzer were analyzed, and we found excellent
repeatability and agreement measurements in normal
and keratoconic eyes (Table 1). Only one study of cor-
neal power repeatability using the Allegro Topolyzer
has been published and demonstrated similar results
to our study in a normal sample of patients (CV <
0.29% and ICC > 0.993); however, the study did not
investigate repeatability in keratoconic eyes.!®
For the total anterior corneal wavefront measure-
ments, we found that the repeatability tended to be
better in keratoconic eyes than in normal eyes (Table
A). In both groups, the repeatability of Zernike coef-
ficients was better at the center of the Zernike pyramid
than for coefficients along the periphery of the Zernike
pyramid at the 3rd and 4th order.
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TABLE 1
Intraobserver Repeatability for Maximum and Minimum Corneal Power (D)
in Normal and Keratoconic Eyes

Parameter Mean = SD (D) (Range) S, (D) Precision (D) Repeatability (D) CV (%) ICC (95% CI)
Maximum corneal power (D)
Keratoconus 47.61 + 3.16 0.21 0.42 0.59 0.44 0.998
(42.70 to 55.57) (0.996 to 0.999)
Normal 4411 + 1.32 0.13 0.25 0.35 0.29 0.996
(41.06 to 46.00) (0.992 to 0.998)
22 < .01 .03 .04 .04 .01 -
Stage | 45.55 +2.10 0.19 0.38 0.54 0.43 0.994
(42.70 to 49.10) (0.985 to 0.998)
Stage I 47.74 + 3.06 0.19 0.37 0.52 0.39 0.998
(42.90 to 53.80) (0.994 to 0.999)
Stage Il 49.54 + 3.06 0.25 0.49 0.70 0.50 0.997
(45.70 to 55.57) (0.992 to 0.999)
PP <.01¢ .51 .51 .51 .66 -
Minimum corneal power (D)
Keratoconus 45.05 + 2.79 0.08 0.16 0.23 0.43 0.997
(40.33 to 51.93) (0.995 to 0.998)
Normal 43.33 +1.35 0.11 0.21 0.30 0.25 0.997
(40.23 to 45.70) (0.994 to 0.998)
P2 <.01 .36 .36 .36 .04 -
Stage | 4413 +1.97 0.06 0.12 0.17 0.43 0.994
(40.33 to 47.87) (0.985 to 0.998)
Stage | 45.17 + 3.15 0.09 0.17 0.24 0.41 0.997
(40.43 to 51.00) (0.993 to 0.999)
Stage Il 45.86 + 3.06 0.10 0.20 0.29 0.44 0.998
(40.70 to 51.93) (0.994 to 0.999)
PP .28 .16 .16 .16 .87 -

dence interval
aMann-Whitney U analysis of variance between normal and keratoconic eyes.
bKruskal-Wallis analysis of variance between stages of keratoconus.

D = diopters; SD = standard deviation; S,, = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; Cl = confi-

Mann-Whitney U analysis of variance. Statistically significant difference between stages | and Il
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Figure 1. Mean value of corneal wavefront measurements (um) in kera-
toconus stages. RMS = root mean square; sec ast = secondary astig-
matism; SA = spherical aberration

Comparing the results of wavefront aberration re-
peatability with previous studies!®?* is complicated
because there is no consensus on how to analyze
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Figure 2. Mean value of coefficient of variation (%) of Zernike coefficients
in keratoconus stages. CV = coefficient of variation; sec ast = secondary
astigmatism; SA = spherical aberration; RMS = root mean square; HOA
= higher order aberration

the data, as shown in Tables C-D (available in the
online version of this article). Some studies show

aberrations as individual values [ie, Z", and Z*,],
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whereas others show the normalized polar Zernike
coefficients [ie, Z*',] and analyze the anterior cornea
surface, the posterior cornea surface, or the entire
cornea (both surfaces), depending on the device used.
Furthermore, not all published studies calculated
the CV of the normalized polar Zernike coefficients,
which causes a loss of important information. The
advantage of the CV is that it is a unitless number
and is consequently independent of the units of ob-
servation in which the measurement has been taken.
In contrast, the S of data (calculated in all studies
included in Tables C-D) must always be understood
in the context of the mean of the Zernike data in the
sample analyzed (ie, keratoconic eyes have a higher
mean value than normal eyes). Therefore, it is diffi-
cult to compare the results of various published stud-
ies using different samples and devices, and the same
problem occurs with the precision and repeatability
values. This comparison of several studies of wave-
front aberration repeatability emphasizes the need
to establish a consensus to facilitate comparison be-
tween the results of various studies and devices; for
example, CV of the normalized polar Zernike coef-
ficients should be included to permit a repeatability
comparison of various devices. Moreover, all devices
should show the Zernike coefficients in the Optical
Society of America standard notation to make a com-
parison between results. A limitation of the Allegro
Topolyzer is that it presents the individual Zernike
coefficients in Malacara notation and hinders com-
parison with other studies.

In the normal group (Table B), the spherical aber-
ration presented high repeatability (CV = 6.43% and
ICC = 0.948) except in Z; and Z*', (ICCs > 0.917).
The trefoil, secondary astigmatism, and tetrafoil (in-
cluding individual Zernike values) showed poor re-
peatability. These trends are in agreement with other
studies,’®2922 in which the spherical aberration and
coma shows higher levels of wavefront repeatability
than the rest of the Zernike coefficients in normal
eyes (Table C). Our results were slightly better than
other previously reported findings'! of the Sirius de-
vice, which analyzes anterior HOAs in spherical ab-
erration (ICC = 0.824) and coma (ICC = 0.856). In
summary, the Allegro Topolyzer presents repeatabil-
ity values for Zernike coefficients similar to those
previously reported in normal eyes with better agree-
ment in coma and spherical aberration than trefoil,
secondary astigmatism, and tetrafoil (individual val-
ues and normalized polar Zernike coefficients).

In regard to aberration wavefront repeatability in
patients with keratoconus, there are few reports on this
topic,'**2* and only one study has analyzed the ante-

rior corneal surface wavefront, in which keratoconus
classifications were based on the HOAs of the anterior
corneal surface® (Table D). We found a high agreement
(ICCs > 0.905) among all Zernike coefficients (individ-
ual values and normalized polar Zernike coefficients)
except in 7th- and 8th-order HOAs and total RMS that
showed moderate agreement (ICCs > 0.839) (Table B).
Bayhan et al.’ reported the repeatability of the Sirius
topographer in keratoconic eyes (n = 41) and analyzed
normalized polar Zernike coefficients and found high
agreement in coma, trefoil, secondary astigmatism,
and spherical aberration (ICCs > 0.930), with the worst
results in tetrafoil (ICC = 0.809). This finding is consis-
tent with our results, in which the tetrafoil presented
the highest CV (25.82%).

One of the main contributions of the current study
is the analysis of repeatability at various keratoco-
nus stages that, to the best of our knowledge, has
not been previously reported. Generally, the Zernike
coefficient repeatability tended to be better with in-
creasing keratoconus stage (Table C). This finding
may be because the HOAs are greater and clearly
defined with increasing keratoconus stage, so their
measurement could be more repeatable and useful to
disease classification.

The Zernike coefficients reveal differences between
stages I, II, and III of keratoconus (according to the
Amsler—Krumeich classification) in the mean value of
coma, vertical coma (Z,), coma-like, 3rd-order RMS,
HOA RMS, and total RMS (Table C). Further research
is necessary to determine if these findings can be
used in diagnosing, managing, and classifying kerato-
conus.’ Currently, this study demonstrated that coma,
coma-like, vertical coma (Z",), and 3rd-order RMS
could be the most useful aberration coefficients for
keratoconus detection??® and classification® because
these coefficients show statistical differences between
the three keratoconus stages (Table C). Alié and Sha-
bayek® proposed a modification in the Amsler—Kru-
meich classification to consider the coma-like (3rd,
5th, and 7th order) values based on the aberrometry
analysis of 40 keratoconic eyes (coma-like criteria:
stage I > 1.50 to 2.50 pm; stage II > 2.50 to < 3.50
nm; stage III > 3.50 to < 4.50 pm, and stage IV > 4.50
pm). However, we found a lower coma-like value in
all studied stages than in the proposed coma-like val-
ues in these classification criteria. Our results suggest
that this classification should be used with caution
in clinical practice because coma-like values could
depend on the device. More studies with larger sam-
ples of patients with keratoconus would be needed to
support a classification rule using corneal wavefront
aberrations.
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Finally, external factors influenced the measure-
ment of the aberrations and may have significantly re-
duced the repeatability of corneal HOA measurements;
these factors include saccadic eye movements,?” mis-
alignment of patients’ head in the forehead and chin
rest that produces variations in pupil center location,?®
and changes in tear film stability after blinking that
could not be detected by the operator during topogra-
phy acquisition. However, a carefully controlled data
acquisition could control the quality of the image cap-
ture and minimize the effect of these external factors
on HOA measurements.?® Consequently, the difficulty
in obtaining highly repeatable HOA measurements
might arise from small eye movements and their con-
tinuous adaptation in attaining the best optical image
rather than the inability of the device to provide re-
peatable measurements.

CONCLUSIONS

For the first time, a HOA repeatability assessment
with the Allegro Topolyzer was conducted and de-
scribed in keratoconic and normal eyes. The results of
this study are important to eye care practitioners and re-
fractive surgeons for management of patients who have
undergone refractive surgery or have keratoconus.

Generally, the HOA repeatability was moderate and
poor for Zernike coefficients in normal eyes; it was bet-
ter at the center of the Zernike pyramid than along the
periphery of the Zernike pyramid in the 3rd and 4th
order.

Keratoconic eyes presented good HOA repeatabil-
ity, except in tetrafoil and RMS up to the 7th-order,
which had moderate repeatability. Coma, vertical
coma (Z*,), coma-like, 3rd-order RMS, HOA RMS,
and total RMS would help in keratoconus detection,
management, and future disease stage classification.
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TABLE A

Intraobserver Repeatability for Total Corneal Wavefront Measurements

of Allegro Topolyzer (6-mm Optic Diameter)

Parameter Mean * SD (um) (Range) S,, (um) Precision (um) Repeatability (um) CV (%) ICC (95% CI)

Coma
Keratoconus 1.999 + 1.075 (0.417 to 4.209) 0.055 0.108 0.152 3.74 0.995 (0.992 to 0.998)
Normal 0.174 + 0.084 (0.036 to 0.350) 0.026 0.050 0.071 17.91  0.884 (0.809 to 0.934)
pa < .01 < .01 < .01 < .01 < .01 =

z'y
Keratoconus -1.827 + 1.058 (-4.150 to -0.352) 0.059 0.115 0.162 = 0.994 (0.990 to 0.997)
Normal -0.020 + 0.121 (-0.250 to 0.184) 0.031 0.060 0.085 = 0.917 (0.861 to 0.953)
P2 <.01 <.01 <.01 <.01 - -

Z+13
Keratoconus -0.088 + 0.833 (-1.982 to 1.703) 0.041 0.088 0.113 = 0.996 (0.993 to 0.998)
Normal -0.019 + 0.147 (-0.258 to 0.341) 0.017 0.048 0.046 = 0.982 (0.969 to 0.990)
P2 .95 <.01 <.01 <.01 - -

Trefoil
Keratoconus 0.790 + 0.521 (0.151 to 2.339) 0.042 0.082 0.116 8.33 0.989 (0.981 to 0.994)
Normal 0.148 + 0.048 (0.038 to 0.232) 0.027 0.054 0.076 20.68 0.633 (0.460 to 0.775)
P2 <.01 A7 A7 A7 <.01 -

Z3,
Keratoconus -0.142 + 0.718 (-2.065 to 2.029) 0.050 0.098 0.138 - 0.993 (0.988 to 0.996)
Normal 0.075 + 0.095 (-0.191 to 0.203) 0.029 0.056 0.080 = 0.876 (0.798 to 0.930)
P2 <.01 <.01 <.01 <.01 = =

7z,
Keratoconus 0.027 + 0.604 (-1.588 to 1.044) 0.045 0.088 0.124 = 0.990 (0.983 to 0.995)
Normal 0.043 + 0.086 (-0.127 to 0.187) 0.024 0.048 0.067 = 0.881 (0.805 to 0.933)
P2 717 .04 .04 .04 = =

Secondary astigmatism
Keratoconus 0.498 + 0.235 (0.081 to 0.899) 0.032 0.063 0.089 8.23 0.965 (0.940 to 0.981)
Normal 0.043 + 0.018 (0.016 to 0.092) 0.014 0.027 0.038 37.18 0.504 (0.308 to 0.682)
P2 <.01 <.01 <.01 <.01 <.01 =

z2,
Keratoconus 0.278 + 0.370 (-0.720 to 0.870) 0.037 0.072 0.102 = 0.984 (0.972 to 0.991)
Normal 0.011 + 0.033 (-0.050 to 0.077) 0.015 0.029 0.041 = 0.771 (0.643 to 0.866)
P2 <.01 <.01 <.01 <.01 = =

Z+24
Keratoconus -0.044 + 0.297 (-0.665 to 0.679) 0.022 0.044 0.062 = 0.991 (0.985 to 0.995)
Normal 0.003 + 0.030 (-0.066 to 0.056) 0.011 0.022 0.031 = 0.846 (0.751 to 0.912)
P2 .03 <.01 <.01 <.01 = =

Tetrafoil
Keratoconus 0.233 + 0.213 (0.042 to 0.869) 0.041 0.081 0.114 25.82 0.946 (0.909 to 0.970)
Normal 0.088 + 0.030 (0.031 to 0.176) 0.020 0.039 0.055 24.00 0.577 (0.392 to 0.736)
P2 <.01 <.01 <.01 <.01 .69 =

Z,
Keratoconus -0.035 + 0.218 (-0.862 to 0.465) 0.043 0.085 0.120 = 0.943 (0.903 to 0.968)
Normal -0.074 + 0.037 (-0.164 to -0.015) 0.022 0.044 0.062 = 0.634 (0.462 to 0.776)
P2 .31 <.01 <.01 <.01 = =

Z+44
Keratoconus 0.049 + 0.217 (-0.265 to 0.800) 0.037 0.073 0.103 = 0.954 (0.923 - 0.975)
Normal 0.021 + 0.032 (-0.050 to 0.068) 0.019 0.037 0.052 = 0.640 (0.469 to 0.780)
pa .31 <.01 <.01 <.01 = -

29, spherical aberration
Keratoconus 0.006 + 0.479 (-1.102 to 0.746) 0.032 0.063 0.089 11.66 0.993 (0.988 to 0.996)
Normal 0.247 + 0.065 (0.094 to 0.376) 0.014 0.027 0.038 6.49 0.948 (0.912 to 0.971)
pa <.01 <.01 <.01 <.01 A3 =

Coma like (3rd, 5th, and
7th order)
Keratoconus 2.013 + 1.078 (0.410 to 4.225) 0.054 0.106 0.150 3.62 0.996 (0.992 to 0.998)
Normal 0.180 + 0.082 (0.056 to 0.351) 0.025 0.049 0.070 16.23 0.879 (0.801 to 0.931)
P2 <.01 <.01 <.01 <.01 <.01 =




TABLE A (cont'd)

Intraobserver Repeatability for Total Corneal Wavefront Measurements
of Allegro Topolyzer (6-mm Optic Diameter)

Parameter Mean * SD (um) (Range) S,, (um) Precision (um) Repeatability (um) CV (%) ICC (95% CI)

3rd-order RMS
Keratoconus 2.222 +1.052 (0.752 to 4.327) 0.049 0.096 0.136 2.61 0.996 (0.993 to 0.998)
Normal 0.239 + 0.070 (0.120 to 0.394) 0.030 0.058 0.082 13.02 0.761 (0.629 to 0.860)
B2 <.01 .10 .10 .10 <.01 =

4th-order RMS
Keratoconus 0.731 + 0.314 (0.216 to 1.651) 0.040 0.078 0.110 6.24 0.974 (0.956 to 0.986)
Normal 0.269 + 0.061 (0.151 to 0.393) 0.014 0.027 0.038 5.93 0.925 (0.874 to 0.958)
e <.01 <.01 <.01 <.01 .81 =

5th-order RMS
Keratoconus 0.296 + 0.179 (0.077 to 0.897) 0.025 0.048 0.068 9.76 0.953 (0.920 to 0.974)
Normal 0.057 £ 0.017 (0.025 to 0.092) 0.016 0.032 0.045 28.51 0.281 (0.078 to 0.499)
B2 <.01 .34 .34 .34 <.01 =

6th-order RMS
Keratoconus 0.141 + 0.066 (0.045 to 0.327) 0.016 0.031 0.044 11.46 0.905 (0.843 to 0.947)
Normal 0.037 + 0.009 (0.022 to 0.059) 0.013 0.026 0.037 2417 0.382 (0.177 to 0.587)
[P <.01 .08 .08 .08 <.01 =

7th-order RMS
Keratoconus 0.097 + 0.053 (0.021 to 0.289) 0.015 0.029 0.041 17.00 0.896 (0.828 to 0.941)
Normal 0.026 + 0.009 (0.016 to 0.051) 0.009 0.017 0.024 30.36 0.227 (0.026 to 0.450)
[P <.01 <.01 <.01 <.01 <.01 =

8th-order RMS
Keratoconus 0.063 + 0.042 (0.016 to 0.253) 0.014 0.027 0.038 22.69 0.839 (0.741 to 0.908)
Normal 0.019 + 0.007 (0.009 to 0.043) 0.008 0.015 0.022 36.90 0.235 (0.029 to 0.458)
[P <.01 .02 .02 .02 <.01 =

HOA RMS (3rd to 8th
order)
Keratoconus 2.391 + 1.052 (0.833 to 4.427) 0.045 0.088 0.125 2.06 0.997 (0.994 to 0.998)
Normal 0.376 + 0.053 (0.284 to 0.495) 0.020 0.040 0.057 5.46 0.788 (0.666 to 0.877)
e <.01 <.01 <.01 <.01 <.01 =

Total RMS (1st to 8th
order)
Keratoconus 7.425 + 3.888 (2.352 to 16.525) 0.217 0.425 0.601 3.62 0.995 (0.991 to 0.997)
Normal 1.093 + 0.388 (0.467 to 2.039) 0.102 0.201 0.283 16.23 0.865 (0.779 to 0.923)
pa <.01 <.01 <.01 <.01 <.01 =

SD = standard deviation; S, = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; Cl = confidence interval;
RMS = root mean square; HOA = higher order aberration
aMann-Whitney U analysis of variance.

The Allegro Topolyzer is manufactured by Alcon Laboratories, Erlangen, Germany.




TABLE B

Intraobserver Repeatability for Total Corneal Wavefront Measurements

(6-mm Optic Diameter) in Different Stages of Keratoconus

Parameter Mean = SD (um) (Range) S,, (um) Precision (um) Repeatability (um) CV (%) ICC (95% CI)

Coma
Stage | 0.929 =+ 0.382 (0.417 to 1.455) 0.054 0.106 0.150 5.99 0.995 (0.986 to 0.998)
Stage Il 1.802 + 0.564 (0.779 to 2.874) 0.055 0.107 0.152 3.41  0.997 (0.992 to 0.999)
Stage Il 3.265 + 0.487 (2.610 to 4.209) 0.056 0.108 0.154 1.91  0.993 (0.983 to 0.998)
P2 < .01bed .56 .56 .56 .01° -

zy
Stage | -0.861 + 0.393 (-1.388 to -0.352) 0.062 0.121 0.170 - 0.993 (0.980 to 0.998)
Stage Il -1.522 = 0.543 (-2.846 to -0.573) 0.050 0.098 0.139 - 0.997 (0.991 to 0.999)
Stage Il -3.068 = 0.619 (-4.156 to -1.973) 0.064 0.126 0.178 - 0.988 (0.968 to 0.996)
pa < .01bed 51 51 .51 - -

ZMS
Stage | -0.088 =+ 0.339 (-0.603 to 0.442) 0.039 0.077 0.108 - 0.996 (0.989 to 0.999)
Stage Il 0.330 + 0.879 (-1.746 to 1.703) 0.034 0.066 0.094 - 0.997 (0.993 to 0.999)
Stage Il -0.505 + 0.932 (-1.982 to 0.865) 0.049 0.096 0.136 - 0.996 (0.989 to 0.999)
pa < .01Pd .23 .23 .23 = =

Trefoil
Stage | 0.643 + 0.288 (0.151 to 1.159) 0.045 0.089 0.129 12.52  0.989 (0.971 to 0.997)
Stage I 0.712 + 0.288 (0.181 to 2.339) 0.034 0.066 0.094 7.14  0.986 (0.965 to 0.996)
Stage Il 1.015 + 0.048 (0.280 to 2.182) 0.046 0.090 0.127 5.32  0.992 (0.979 to 0.997)
P2 < .01¢°d .63 .63 .63 .85 -

Z%,
Stage | 0.003 + 0.323 (-0.557 to 0.502) 0.041 0.082 0.156 - 0.996 (0.988 to 0.999)
Stage Il -0.061 + 0.605 (-0.575 to 1.716) 0.046 0.090 0.127 - 0.990 (0.974 to 0.997)
Stage Il -0.374 = 1.008 (-2.065 to 2.029) 0.062 0.122 0.172 - 0.992 (0.979 to 0.998)
P2 < .01° .56 .56 .56 = =

7z,
Stage | 0.319 =+ 0.533 (-0.602 to 1.044) 0.042 0.083 0.017 - 0.991 (0.977 to 0.997)
Stage Il -0.056 + 0.683 (-1.588 to 0.716) 0.042 0.082 0.117 - 0.984 (0.958 to 0.995)
Stage Il -0.180 + 0.446 (-0.790 to 0.526) 0.050 0.098 0.138 - 0.994 (0.983 to 0.998)
P2 < .01° .34 .34 .34 - -

Secondary astigmatism
Stage | 0.394 + 0.203 (0.097 to 0.787) 0.029 0.058 0.082 8.83  0.938 (0.845 to 0.980)
Stage Il 0.498 + 0.245 (0.081 to 0.871) 0.022 0.043 0.061 7.32  0.987 (0.967 to 0.996)
Stage Il 0.601 + 0.214 (0.194 to 0.899) 0.044 0.087 0.123 8.53  0.954 (0.884 to 0.985)
pa < .01° .37 37 .37 .72 -

z2,
Stage | 0.309 =+ 0.222 (0.050 to 0.756) 0.033 0.064 0.091 - 0.952 (0.879 to 0.985)
Stage Il 0.289 =+ 0.411 (-0.586 to 0.870) 0.029 0.057 0.081 - 0.994 (0.986 to 0.998)
Stage Il 0.236 + 0.444 (-0.720 to 0.856) 0.049 0.096 0.135 - 0.976 (0.937 to 0.992)
P2 .80 21 .21 21 - -

Z-+24
Stage | 0.093 =+ 0.212 (-0.219 to 0.407) 0.019 0.037 0.052 - 0.995 (0.985 to 0.995)
Stage Il -0.055 + 0.239 (-0.570 to 0.399) 0.017 0.033 0.047 - 0.993 (0.981 to 0.998)
Stage Il -0.170 + 0.363 (-0.665 to 0.679) 0.031 0.061 0.087 - 0.987 (0.966 to 0.996)
P2 < .01° .08 .08 .08 - -

Tetrafoil
Stage | 0.140 =+ 0.058 (0.051 to 0.217) 0.027 0.052 0.074 23.09 0.879 (0.717 to 0.960)
Stage Il 0.220 =+ 0.206 (0.042 to 0.806) 0.042 0.083 0.117 27.28 0.970 (0.924 to 0.991)
Stage Il 0.338 = 0.270 (0.064 to 0.869) 0.055 0.108 0.153 27.12 0.941 (0.853 to 0.981)
(72 .01° .33 .33 .33 .80 =

zZ4,
Stage | 0.049 =+ 0.062 (-0.091 to 0.164) 0.029 0.057 0.081 - 0.939 (0.848 to 0.980)
Stage Il -0.050 + 0.153 (-0.323 to 0.168) 0.044 0.087 0.123 - 0.973 (0.930 to 0.991)
Stage Il -0.106 + 0.324 (-0.862 to 0.465) 0.057 0.111 0.157 - 0.892 (0.744 to 0.964)
P2 < .01Pe .20 .20 .20 - -

Z+44
Stage | -0.016 + 0.125 (-0.210 to 0.192) 0.032 0.063 0.089 - 0.947 (0.868 to 0.983)
Stage Il 0.108 + 0.229 (-0.115 to 0.738) 0.037 0.072 0.102 - 0.962 (0.904 to 0.988)
Stage Il 0.056 =+ 0.026 (-0.027 to 0.800) 0.057 0.083 0.117 - 0.948 (0.870 to 0.983)
P2 .06 27 27 27 - -




TABLE B (cont’d)

Intraobserver Repeatability for Total Corneal Wavefront Measurements

(6-mm Optic Diameter) in Different Stages of Keratoconus

Parameter Mean *= SD (um) (Range) S, (um) Precision (um) Repeatability (um) CV (%) ICC (95% CI)

20, spherical aber-
ration
Stage | 0.258 + 0.252 (-0.206 to 0.585) 0.029 0.057 0.081 11.55 0.978 (0.942 to 0.993)
Stage Il 0.084 =+ 0.423 (-0.421 to 0.716) 0.032 0.062 0.088 12.74  0.998 (0.995 to 0.999)
Stage Il -0.323 + 0.524 (-1.102 to 0.746) 0.035 0.069 0.098 10.69 0.994 (0.985 to 0.998)
P2 < .01°d .51 .51 .51 .98 -

Coma like (3rd, 5th
and 7th order)

Stage | 0.938 + 0.397 (0.410 to 1.471) 0.053 0.104 0.147 5,73
Stage Il 1.819 + 0.567 (0.795 to 2.874) 0.054 0.105 0.149 3.28
Stage Il 3.287 + 0.505 (2.614 to 4.225) 0.056 0.110 0.156 1.90
P2 < .01becd .56 .56 .56 .02¢
3rd-order RMS
Stage | 1.175 + 0.344 (0.752 to 1.644) 0.044 0.086 0.121 3.61
Stage Il 2.019 =+ 0.555 (1.338 to 2.930) 0.047 0.091 0.129 2.43
Stage Il 3.473 + 0.446 (2.805 to 4.327) 0.057 0.111 0.157 1.78
P2 < Joilbed .27 .27 .27 .30
4th-order RMS
Stage | 0.555 =+ 0.204 (0.216 to 0.839) 0.036 0.071 0.100 7.13
Stage Il 0.695 + 0.314 (0.342 to 1.386) 0.163 0.072 0.101 6.92
Stage Il 0.941 + 0.286 (0.709 to 1.651) 0.046 0.091 0.128 4.68
P2 <.01¢°d .55 .55 E55) .86
5th-order RMS
Stage | 0.204 + 0.092 (0.081 to 0.348) 0.027 0.053 0.074 11.24
Stage Il 0.252 + 0.147 (0.077 to 0.539) 0.017 0.033 0.047 9.01
Stage Il 0.433 + 0.193 (0.145 to 0.897) 0.030 0.059 0.083 9.02
P2 < .01¢°d .06 .06 .06 .99
6th-order RMS
Stage | 0.103 =+ 0.031 (0.045 to 0.149) 0.001 0.017 0.026 8.63
Stage Il 0.123 + 0.052 (0.048 to 0.243) 0.016 0.031 0.043 14.72
Stage Il 0.199 =+ 0.067 (0.110 to 0.327) 0.022 0.043 0.061 11.03
P2 <.01¢%d .05 .05 .05 .68
Tth-order RMS
Stage | 0.067 = 0.031 (0.021 to 0.137) 0.011 0.021 0.029 16.21
Stage Il 0.089 =+ 0.049 (0.034 to 0.188) 0.015 0.029 0.040 18.37
Stage Il 0.135 =+ 0.052 (0.081 to 0.289) 0.019 0.038 0.053 16.41
pa <.01¢d .08 .08 .08 .96
8th-order RMS
Stage | 0.044 + 0.024 (0.016 to 0.082) 0.008 0.016 0.023 19.90
Stage Il 0.054 + 0.031 (0.021 to 0.121) 0.013 0.025 0.035 22.58
Stage Il 0.092 + 0.052 (0.049 to 0.253) 0.020 0.039 0.055 25.60
pa < .01¢°d .03¢ .03¢ .03¢ .67
HOA RMS
Stage | 1.347 + 0.359 (0.833 to 1.812) 0.034 0.067 0.094 2.40
Stage I 2.178 + 0.568 (1.430 to 3.276) 0.043 0.084 0.119 2.09
Stage Il 3.649 * 0.411 (3.057 to 4.427) 0.058 0.114 0.165 1.70
P2 < .01bed .33 .33 838 .60
Total RMS
Stage | 3.788 + 1.295 (2.352 to 5.827) 0.154 0.301 0.426 3.86
Stage Il 6.427 + 1.324 (3.516 to 8.841) 0.163 0.320 0.453 2.56
Stage Il 12.060 = 2.459 (8.247 to 16.525) 0.334 0.654 0.925 2.39
P2 < .01becd .02¢ .02¢ .02° .45

0.952 (0.880 to 0.985)
0.988 (0.968 to 0.996)
0.981 (0.950 to 0.994)

0.997 (0.991 to 0.999)
0.996 (0.989 to 0.999)
0.994 (0.984 to 0.998)

0.943 (0.958 to 0.982)
0.990 (0.973 to 0.997)
0.962 (0.903 to 0.988)

0.972 (0.927 to 0.991)
0.950 (0.875 to 0.984)
0.950 (0.874 to 0.984)

0.951 (0.876 to 0.984)
0.892 (0.745 to 0.965)
0.773 (0.519 to 0.921)

0.861 (0.680 to 0.954)
0.946 (0.866 to 0.983)
0.816 (0.594 to 0.937)

0.943 (0.857 to 0.982)
0.702 (0.406 to 0.892)
0.403 (0.045 to 0.743)

0.998 (0.994 to 0.999)
0.996 (0.989 to 0.999)
0.995 (0.987 to 0.998)

0.991 (0.977 to 0.997)
0.998 (0.995 to 0.999)
0.993 (0.981 to 0.998)

SD = standard deviation; S, = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; Cl = confidence interval;

RMS = root mean square; HOA = higher order aberration

aStatistically significant differences between the three study groups (Kruskal-Wallis analysis of variance).
bStatistically significant differences between keratoconus stages | and Il (Mann-Whitney U analysis of variance).
cStatistically significant differences between keratoconus stages | and Il (Mann-Whitney U analysis of variance).
dStatistically significant differences between keratoconus stages Il and Il (Mann-Whitney U analysis of variance).
The Allegro Topolyzer is manufactured by Alcon Laboratories, Erlangen, Germany.




TABLE C

Summary of Previous Reports of Corneal Wavefront Repeatability in Healthy Eyes

Lopez-Miguel
Parameter Current Study Wang et al.2° Cerviio et al.1® Aramberri et al.?2 Aramberri et al.?2 Bayhan et al.1* etal.2t
Device Allegro Topolyzer Galilei G3 Galilei G4 Pentacam HR Galilei G2 Sirius Topcon KR-1W
Corneal surface Anterior Total Total Total Total Anterior Total
No. of eyes 36 20 25 85 35 30 75
Coma
Mean 0.174 += 0.084 0.33 = 0.15 - - - 0.24 = 0.08 0.181
S, 0.026 0.08 - - - 0.04 0.041
cv 17.91% 29% - - - - -
ICC 0.884 0.897 - - - 0.856 0.869
Zzy
Mean -0.020 = 0.121 -0.06 = 0.24 -0.068 += 0.231 -0.04 = 0.15 -0.04 = 0.22 - -
S, 0.031 0.08 0.076 0.009 0.09 - -
cv - - - - - - -
ICC 0.917 0.966 0.849 0.740 0.809 - -
Z+13
Mean -0.019 =+ 0.147 0.04 = 0.26 0.013 = 0.361 0.00 = 0.11 0.00 = 0.34 - -
S, 0.017 0.10 0.093 0.02 0.13 - -
cv - - - - - - -
ICC 0.982 0.945 0.915 0.961 0.868 - =
Trefoil
Mean 0.148 += 0.048 0.23 = 0.10 - - - 0.16 = 0.07 -
S, 0.027 0.09 - - - 0.04 -
cv 20.68% 37% - - - - -
ICC 0.633 0.714 - - - 0.750 -
ZaN
Mean 0.075 += 0.095 -0.11 = 0.15 -0.051 + 0.164 0.01 = 0.06 -0.13 = 0.15 - -
S, 0.029 0.12 0.070 0.08 0.13 - -
cv - - - - - - -
ICC 0.876 0.775 0.811 0.478 0.477 - -
Z,
Mean 0.043 += 0.086 -0.07 = 0.11 -0.011 + 0.128 0.00 = 0.05 0.00 + 0.15 - -
S, 0.024 0.011 0.076 0.05 0.15 - -
cv - - - - - - -
ICC 0.881 0.667 0.552 0.509 0.510 - -
Secondary astig-
matism
Mean 0.043 = 0.018 0.09 = 0.05 - - - 0.04 = 0.02 -
S, 0.014 0.04 - - - 0.05 -
cv 37.18% 40% - - - - -
ICC 0.504 0.695 - - - 0.678 -
Z2,
Mean 0.011 + 0.033 -0.02 = 0.05 - - - - -
S, 0.015 0.05 - - - - -
cv - - - - - - -
ICC 0.771 0.682 - - - - -
Z+24
Mean 0.003 + 0.030 -0.02 = 0.08 - - - - -
S, 0.011 0.05 - - - - -
cv - - - - - - -
ICC 0.846 0.864 - - - - -
Tetrafoil
Mean 0.088 += 0.030 0.15 = 0.09 - - - 0.06 = 0.03 -
S, 0.020 0.09 - - - 0.05 -
cv 24% 53% - - - - -
ICC 0.577 0.669 - - - 0.568 -
7z,
Mean -0.074 = 0.037 0.01 = 0.06 - - - - -
S, 0.022 0.09 - - - - -
cv - - - - - - -
ICC 0.634 0.162 - - - - -




TABLE C (cont’d)

Summary of Previous Reports of Corneal Wavefront Repeatability in Healthy Eyes

Lopez-Miguel
Parameter Current Study Wang et al.2° Cervifio et al.'®  Aramberri et al.?2 Aramberri et al.?2 Bayhan et al.'* et al.2*
Z*44
Mean 0.021 + 0.032 -0.07 = 0.13 - - - - -
S, 0.019 0.10 - - - - -
Ccv - - - - - - -
(TS 0.640 0.819 - - - - -
Spherical aberration
Mean 0.247 + 0.065 0.27 = 0.08 0.121 + 0.077 0.21 + 0.06 0.22 + 0.08 -0.22 + 0.04 0.085
S, 0.014 0.02 0.022 0.03 0.04 0.01 0.033
Ccv 6.49% 7% - 13.55% 16.26% - -
ICC 0.948 0.981 0.857 0.814 0.833 0.824 0.939
Coma-like
Mean 0.179 += 0.081 - - - - - -0.2832
S, 0.025 - - - - - 0.029
cv 16.23% - - - - - -
ICC 0.879 - - - - - 0.883
3rd-order RMS
Mean 0.239 + 0.070 0.42 + 0.16 - - - - 0.246
S, 0.030 0.09 - - - - 0.038
cv 13.02% 23% - - - - -
ICC 0.761 0.878 - - - - 0.883
4th-order RMS
Mean 0.269 + 0.061 0.34 = 0.09 - - - - 0.168
S, 0.014 0.06 - - - - 0.029
Ccv 5.93% 14% - - - - -
ICC 0.925 0.825 - - - - 0.876
5th-order RMS
Mean 0.057 = 0.017 0.09 + 0.04 - - - - -
S, 0.016 0.03 - - = — =
Ccv 28.51% 24% - - - - -
ICC 0.281 0.806 - - - - -
6th-order RMS
Mean 0.037 = 0.009 0.06 = 0.02 - - - - -
S, 0.013% 0.02 - - - - -
Ccv 24.17% 29% - - - - -
ICC 0.382 0.787 = - = — =
Tth-order RMS
Mean 0.026 = 0.009 - - - - - -
S, 0.009 - - - - - -
cv 30.36% - - - - - -
ICC 0.227 - - - - - -
8th-order RMS
Mean 0.019 =+ 0.007 - - - - - -
S, 0.008 = = - = = =
Ccv 36.90% - - - - - -
ICC 0.235 - - - - - -
HOAs RMS
Mean 0.376 = 0.053 0.56 = 0.14° - 0.11 + 0.03 0.59 = 0.20 0.41 + 0.06° -
S, 0.020 0.09 - 0.03 0.12 0.07 -
Ccv 5.46% 14% - 23.96% 20.26% - -
ICC 0.788 0.858 - 0.564 0.687 0.824 -
Total RMS
Mean 1.093 + 0.388 - - - - 0.91 + 0.37¢ -
S, 0.102 - - - - 0.07 -
Ccv 16.23% - - - - - -
ICC 0.865 - - - - 0.976 -

S,, = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; RMS = root mean square; HOA = higher order aber-

ration

aComa-like 3rd and 5th Zernike order.
bUp to the 7th Zernike order.
°3rd to 6th Zernike order.




TABLE D

Summary of Previous Reports of
Corneal Wavefront Repeatability in Keratoconic Eyes

Parameter Current Study Bayhan et al.1* Sideroudi et al.?® Jinabhai et al.?*
Device Allegro Topolyzer Sirius Pentacam IRX-3 aberrometer
Cornea surface Anterior Anterior Posterior Ocular
No. of eyes 36 41 33 31
Coma
Mean 1.999 = 1.075 2.22 £ 1.33 7.6 = 4.6 0.85
S, 0.055 0.03 0.258 0.06
cv 3.74% - - -
ICC 0.995 0.988 0.997 -
z,
Mean -1.827 = 1.058 - -6.653 + 3.939 -
S, 0.059 - 0.209 -
cv - - - -
ICC 0.994 - 0.997 -
Z+13
Mean -0.088 = 0.833 - -0.154 * 3.697 -
S, 0.041 - 0.236 -
cv - - - -
ICC 0.996 - 0.993 -
Trefoil
Mean 0.790 + 0.521 0.70 = 0.36 - 0.54
S, 0.042 0.05 - 0.07
cv 8.33% - - -
ICC 0.989 0.930 - -
N
Mean -0.142 = 0.718 - 0.064 + 1.208 -
S, 0.050 - 0.216 -
cv - - - -
ICC 0.993 - 0.672 -
Z,
Mean 0.027 + 0.604 - -0.178 + 0.427 -
S, 0.045 - 0.127 -
cv - - - -
ICC 0.990 - 0.846 -
Secondary astigmatism
Mean 0.498 + 0.235 0.45 = 0.28 - 0.40
S, 0.032 0.04 - 0.07
cv 8.23% - - -
ICC 0.965 0.976 - -
z2,
Mean 0.278 + 0.370 - 0.007 = 0.220 -
S, 0.037 - 0.263 -
cv - - - -
ICC 0.984 - 0.952 -
Z+24
Mean -0.044 = 0.297 - -0.187 + 0.183 -
S, 0.022 - 0.232 -
cv - - - -
ICC 0.991 - 0.878 -
Tetrafoil
Mean 0.233 £ 0.213 0.18 = 0.09 - 0.33
S, 0.041 0.04 - 0.08
cv 25.82% - - -
ICC 0.946 0.809 - -
z4,
Mean -0.035 = 0.218 - -0.002 + 0.411 -
S, 0.043 - 0.207 -
cv - - - -
ICC 0.943 - 0.806 -




TABLE D (cont'd)

Summary of Previous Reports of
Corneal Wavefront Repeatability in Keratoconic Eyes

Parameter Current Study Bayhan et al.1* Sideroudi et al.?® Jinabhai et al.?*
ZzZ%,
Mean 0.049 * 0.217 - 0.273 = 0.238 -
S, 0.037 - 0.260 -
cv - - - -
ICC 0.954 - 0.988 -
Spherical aberration
Mean 0.006 + 0.479 0.15 = 0.38 -0.376 = 1.125 0.34
S, 0.032 0.03 0.127 0.09
cv 11.63% - - -
ICC 0.993 0.956 0.956 -
Coma-like
Mean 2.013 + 1.078 - 7.677 = 4.615° -
S, 0.054 = 0.262 -
cv 3.62% - - -
ICC 0.996 - 0.997 =
3rd-order RMS
Mean 2.222 + 1.052 - - -
S, 0.049 - - -
cv 2.61% - - -
ICC 0.996 - - -
4th-order RMS
Mean 0.731 + 0.314 - - -
S, 0.040 - - -
cv 6.24% - - -
ICC 0.974 - - -
5th-order RMS
Mean 0.296 + 0.179 - - -
S, 0.025 - - -
cv 9.76% - - -
ICC 0.953 - - -
6th-order RMS
Mean 0.141 =+ 0.066 - - -
S, 0.016 = = =
cv 11.46% - - -
ICC 0.905 - - -
Tth-order RMS
Mean 0.097 + 0.053 - - -
S, 0.015 - - -
cv 17.00% - -
ICC 0.896 - - -
8th-order RMS
Mean 0.063 + 0.042 - - -
SH 0.014 = = =
cv 22.69% - - -
ICC 0.839 - - -
HOAs RMS
Mean 2.391 + 1.052 2.49 + 1.32° 7.94 + 0.43° 0.93°
S, 0.045 0.03 0.275 0.07
cv 22.69% - - -
ICC 0.839 0.979 0.996 -
Total RMS
Mean 7.425 + 3.888 441 = 1.77° - -
S, 0.217 0.09 - -
cv 3.62% - - -
ICC 0.865 0.986 - -

S,, = within-subject standard deviation; CV = coefficient of variation; ICC = intraclass correlation coefficient; RMS

ration

a3rd to 5th Zernike order.
b3rd to 6th Zernike order.
cUp to the 6th Zernike order.

= root mean square; HOA = higher order aber-
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ARTICLE

Agreement of corneal measurements
between dual rotating
Scheimpflug-Placido system and
Placido-based topography device
in normal and keratoconus eyes

Sara Ortiz-Toquero, MSc, Virginia Zuniga, OD, Guadalupe Rodriguez, MSc,
Victoria de Juan, PhD, Raul Martin, PhD

PURPOSE: To compare the anterior corneal measurements between Placido-based topography and
dual-Scheimpflug topography in healthy and keratoconus eyes.

SETTING: Optometry Research Group, Instituto Universitario de Oftalmobiologia Aplicada, Univer-
sity of Valladolid, Valladolid, Spain.

DESIGN: Comparative case series.

METHODS: The mean simulated keratometry (K), flat K, steep K, astigmatism power, corneal astig-
matism axis, J0, J45, maximum corneal power point, and white-to-white (WTW) distance were
collected and compared between healthy eyes and keratoconus eyes.

RESULTS: The study evaluated in 56 healthy eyes and 56 keratoconus eyes. Placido-based topography
underestimated all topographic values except J45 and WTW in healthy eyes and JO, maximum corneal
power point, and WTW in keratoconus eyes, with statistically significant differences in astigmatism
(healthy), flat K (keratoconus), axis (keratoconus), JO, J45, and WTW (P < .05). Healthy eyes
showed better agreement (95% limits of agreement: simulated K —0.13 to 0.40; steep K —0.30 to
0.59; flat K —0.29 to 0.51; astigmatism —0.60 to 0.64; JO —1.15 to 1.13; J45 —1.10 to 1.20;
maximum corneal power point —0.70 to 1.17; WTW —0.96 to 0.76 mm) than keratoconic eyes
(simulated K —2.84 to 4.55; steep K —2.80 to 5.21; flat K —3.68 to 4.70; astigmatism —1.90 to
2.95; JO —2.85 t0 3.20; J45 —3.21 to 3.05; maximum corneal power point —7.00 to 4.51 D; WTW
—1.00 to 0.88).

CONCLUSIONS: Healthy eyes showed better agreement than keratoconus eyes between Placido-
based and dual-Scheimpflug topography. Both instruments could be used interchangeably with
caution in healthy eyes, but not in keratoconus management.

Financial Disclosure: None of the authors has a financial or proprietary interest in any material or
method mentioned.

J Cataract Refract Surg 2016; 42:1196-1206 © 2016 ASCRS and ESCRS

Precise measurements of the anterior corneal surface are
very important in various clinical situations such as
corneal refractive surgery practice, calculation of intraoc-
ular lens (IOL) power in phakic or pseudophakic plan-
ning surgery, contact lens fitting, and corneal disease
detection and follow-up."” The screening of patients
having corneal refractive surgery in preoperative assess-
ment is particularly important to exclude keratoconus or

1198 © 2016 ASCRS and ESCRS
Published by Elsevier Inc.

other corneal disease and to avoid potentially undesir-
able side effects.”*

Today, multiple imaging techniques for anterior
corneal assessment are available. Placido disk-based
videokeratography analyzes concentric light rings re-
flected on the anterior corneal surface, and it is the
most extensively used technique among corneal topo-
graphic assessments of corneal curvature.” Scheimpflug

http://dx.doi.org/10.1016/j.jcrs.2016.04.033
0886-3350
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tomography relies on the reconstruction of corneal im-
ages from a rotating camera and allows analysis of the
anterior corneal surface as well as the posterior sur-
face.”” At present, mixed devices combining Placido
disk with Scheimpflug tomography are available.”
However, most agreement studies compare different
Placido-disk and Scheimpflug techniques in healthy
eyes'”'” To our knowledge, no previous reports have
evaluated the agreement between the 2 techniques in
cases of corneal diseases, such as in keratoconus for
which corneal topography is mandatory for early diag-
nosis, classification, management, and follow—up.?”ll’12

This study evaluated the interdevice agreement be-
tween Placido topography (Allegro-Topolyzer, Wave-
light Technologie AG [Alcon Laboratories, Inc.]) and
dual rotating Scheimpflug-Placido topography (Gali-
lei G4, Ziemer Group) for anterior corneal assessment
in keratoconus eyes and compare the data with those
from healthy eyes.

PATIENTS AND METHODS

In this prospective clinic-based observational single-masked
study, patients were divided into 2 groups: healthy and ker-
atoconus. Informed consent was obtained from each patient
after the Human Sciences Ethics Committee, University of
Valladolid, granted approval for the study. All patients
were treated in accordance with the tenets of the Declaration
of Helsinki.

Healthy patients with active ocular surface disease,
corneal opacities, glaucoma, use of medication that could
affect ocular physiology, a history of any type of ocular
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surgery, and refractive error (spherical equivalent [SE])
greater than 6.00 diopters (D) were excluded. Soft and rigid
contact lenses wear was discontinued for at least 2 weeks
and 4 weeks, respectively, before the eye examination. A sin-
gle eye of each patient was randomly chosen for the study.

Independent corneal specialists diagnosed keratoconus
patients after a complete eye examination that included
topographic analysis and anterior eye biomicroscopy assess-
ment based on slitlamp findings (stromal thinning, conical
protrusion, Fleischer ring, and Vogt striae).lz’13 Eyes with
previous acute corneal hydrops or a history of ocular surgery
were excluded. Because keratoconus is a bilateral and asym-
metric disease, both eyes of the same patient were included
in the study.

Instrumentation

The Allegro-Topolyzer (Examination Software version
1.76r45 FW1.19) is a noninvasive diagnostic device based
on the Placido disk system supported by 22 rings and gener-
ates high-resolution data of the corneal surface with 22000
data points. The corneal measurements provided by this
Placido topographer have been shown to have excellent
repeatability in healthy eyes and keratoconus eyes.”*

The Galilei-G4 (software version V6.0.3) is a noninvasive op-
tical diagnostic device that has a rotating dual-Scheimpflug
camera integrated (located 180 degrees apart to compensate
for error associated with scans at an oblique angle) with a Plac-
ido disk (20 monochrome rings, 200 mm diameter) to measure
the anterior and posterior corneal surfaces. It is a topographer
and tomographer that integrates data simultaneously obtained
from the Placido and Scheimpflug components to measure the
anterior corneal surface.'” It analyzes more than 122000 data
points per complete scan. This device uses a hypothetical
keratometric index of 1.3375 for the anterior corneal curvature
calculation and has good repeatability of measurements in
healthy eyes and keratoconic eyes.

Measurements

Corneal topography was performed in all patients using
the Placido topographer and the dual rotating Scheimp-
flug-Placido topographer during the same visit. Both de-
vices were calibrated before the study. The same
experienced operator performed all measurements in a dark-
ened room following the manufacturer's guidelines.

Corneal Topographical Outcomes

The following corneal parameters were collected from
both devices and compared: mean central corneal dioptric
power (simulated keratometry [K]), corneal dioptric power
in the flattest meridian (flat K) and steepest meridian (steep
K) of the simulated K, maximum corneal dioptric power
point of the anterior corneal surface, corneal diameter or
white-to-white distance (WTW), and corneal astigmatism
(diopters and axis of corneal astigmatism). The conversion
to power vectors components JO and J45, as suggested by
Thibos et al.,'” was performed with the following equations:

J0 = (—C/2) cos(2a)
J45 = (—C/2) sin(2a)

where J0 is the Jackson cross-cylinder, axes at 0 degrees and 90
degrees; J45 is the Jackson cross-cylinder, axes at 45 degrees
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and 135 degrees; C is the astigmatism (difference in diopters
between the higher and the lower simulated K readings);
and o is the meridian, expressed in degrees, of the higher
simulated K reading. These measures were also calculated
and compared. Because vectorial analysis of corneal astigma-
tism can be nonclinically intuitive, axis data were trans-
formed to ensure that the difference in each pair of
measurements was corrected by adding or subtracting 180 de-
grees to the axis difference value following the recommenda-
tions of Delrivo et al.®

Statistical Analysis

Statistical analysis was performed using SPSS for
Windows software (version 15.0, SPSS, Inc.). A normal distri-
bution of variables was assessed using the Kolmogorov-
Smirnov test; P values greater than 0.05 indicated the data
were normally distributed. The mean values of the measure-
ments between healthy eyes and keratoconus eyes were
compared with analysis of variance; P values less than 0.05
were considered statistically significant. The mean values
of the measurements between the Placido topographer and
the dual rotating Scheimpflug-Placido topographer were
compared with the paired ¢ test; P values less than 0.05
were considered statistically significant. Linear regression
was used to quantify the 7* correlation coefficient between
measurements of both devices; P values less than 0.05 were
considered statistically significant.

The degree of agreement between the Placido topogra-
pher and the dual rotating Scheimpflug-Placido topogra-
pher in healthy eyes and keratoconus eyes was evaluated
using Bland-Altman analysis.'® The differences between
the measurements of both devices were plotted against the
means of both techniques, and 95% limits of agreement
(LoA) were calculated (mean difference & 1.96 SD).

RESULTS

One hundred twelve eyes were included in the study.
The healthy group comprised 56 eyes of 56 patients
(30 women, 26 men) with a mean age of
30.8 years + 6.2 (SD) (range 18 to 44 years) and a
mean SE refractive error of —3.26 + 2.19 D (range
+1.50 to —6.00 D). The keratoconus group comprised
56 eyes of 33 keratoconus patients (11 women, 22 men)
with a mean age of 35.1 + 10.7 years (range 19 to
58 years) and a mean SE refractive error of
—4.85 + 4.35 D (range —0.50 to —14.00 D).

Table 1 shows the Placido topographer and dual
rotating Scheimpflug-Placido topographer measure-
ments in healthy eyes and keratoconus eyes. The simu-
lated K, flat K, steep K, corneal astigmatism, and
maximum corneal power point values were signifi-
cantly different between healthy eyes and keratoconus
eyes with both devices (P < .05). The Placido topogra-
pher underestimated all topographic values compared
with the dual rotating Scheimpflug-Placido topogra-
pher in healthy eyes (except J45 and WTW) and in ker-
atoconus eyes (except J0, J45, maximum corneal power
point, and WTW). All measurements were signifi-
cantly different between the 2 devices in healthy eyes

(except astigmatism, JO, J45, and WTW) and in kerato-
conus eyes (except flat K, axis, J0, J45, and WTW) (both
P < .05). Healthy eyes showed better agreement than
keratoconic eyes in all topographic parameters; that is,
in simulated K, flat K, steep K, maximum corneal po-
wer point (Figure 1); mean corneal astigmatism, axis
corneal astigmatism, JO, and J45 (Figures 2 and 3);
and WTW (Figure 4).

There was a low, but significant correlation between
the mean simulated K (* = 0.191, P < .01), steep K
(” = 0.132, P < .01), and flat K (¥ = 0.166, P < .01)
values with a difference in the keratoconus group
measured with both devices. However, there was a
nonsignificant correlation between the difference and
the mean value in healthy eyes. The difference (in abso-
lute value) in the corneal axis between devices was
inversely significantly correlated with corneal astigma-
tism in healthy eyes (¥ = 164, P < .01) and keratoco-
nus eyes (¥ = .139, P < .01) (Figure 5).

DISCUSSION

Accurate anterior corneal curvature is essential to diag-
nose and manage keratoconus in conjunction with a clin-
ical examination.” This study analyzed the agreement of
the anterior corneal topography in healthy eyes and ker-
atoconus eyes between 2 commercially available imag-
ing systems; that is, the Allegro-Topolyzer Placido
topographer and the Galilei-G4 dual rotating Scheimp-
flug-Placido topographer. To our knowledge, this study
is the first in the literature to compare these 2 devices in
healthy eyes and in keratoconus eyes.

The Placido topographer measured significantly lower
corneal curvature values in healthy eyes and keratoconic
eyes, and the discrepancy in the agreement between the 2
devices was greater in the keratoconus eyes, with values
that could be clinically relevant in keratoconus patient
management (classification, contact lens fitting,
intracorneal ring surgery, or topography-guided treat-
ments)."”?" In contrast, healthy eyes showed good
agreement (Figure 1) that could be clinically equivalent
in the management of these patients (refraction, contact
lens fitting, or traditional IOL c:alculation).6

To our knowledge, no previous reports have
compared Scheimpflug topography and Placido
topography in keratoconus eyes. However, the agree-
ment between a Scheimpflug device (Pentacam,
Oculus Optikgerate GmbH) and a combined Placido
optical coherence tomography device (Visante Omni,
Carl Zeiss Meditec) was recently described.” The study
found poor agreement in flat K and steep K between
keratoconus eyes (range 95% LoA —1.35 to 1.92 D
and —1.38 to 1.99 D, respectively) and healthy eyes
(range 95% LoA —0.32 to 0.59 D and —0.41 to 0.74 D,
respectively), which is similar to our results.

J CATARACT REFRACT SURG - VOL 42, AUGUST 2016



DUAL ROTATING SCHEIMPFLUG-PLACIDO SYSTEM AND PLACIDO-BASED TOPOGRAPHY

1201

Table 1. Corneal measurements of the 2 devices and agreement between then in healthy eyes and keratoconus eyes.
Scheimpflug-Placido Device Placido Device Correlation Difference
” P P

Parameter/Group Mean + SD 95% CI Mean + SD 95% CI Value Value Mean + SD 95% LoA  Value*
SimK (D)

Healthy 4373 £ 140 43.36,4410 43.60 + 145 43.21,4398 0992 <.01 0.13 £+ 0.13 —0.13,040 <.01

Keratoconus 47.39 + 3.67 46.40,48.37 46.53 + 2.88 45.76,47.30 0742 <.01 086 £ 1.89 284,455 <.01
Flat K (D)

Healthy 4323 + 149 4283,43.63 4312 + 1.52 42.72,4353 0982 <.01 011 £020 -0.29,051 <.01

Keratoconus 4589 + 3.53 44.95,46.84 4538 + 279 44.64,46.13 0633 <.01 051 214  -3.68,4.70 .08
Steep K (D)

Healthy 4422 + 138 43.85,4459 4407 + 1.88 43.69,4444 0975 <.01 0.5+ 0.23 —0.30,0.59 <.01

Keratoconus 48.88 + 4.02 47.80,49.95 47.68 + 321 46.82,4854 0745 <.01 120 £2.04 280,521 <.01
Corneal

astigmatism (D)

Healthy 0.97 + 0.60 0.81,1.13 0.95 £ 0.54 0.80, 1.09 0723 <.01 002+ 032 —0.60,0.64 .56

Keratoconus 298 +1.77 2.51, 3.46 246 + 1.52 2.05, 2.87 0530 <.01 052+124 -1.90,295 <.01
Corneal axis (%)

Healthy 91.61 + 34.31 82.42,100.80 87.23 + 34.15 78.09,96.38 0.894 <.01 437 £ 1132 —-17.81,26.56 <.01

Keratoconus 9236 + 45.63 80.12,104.58 92.52 + 41.35 81.45,103.60 0.904 <.01 -0.17 £+ 1431 -28.22,27.89 93
0 (D)

Healthy 0.02 £ 035 —0.51,1.15 0.01 + 042 —1.06,1.20 0.023 27 0.01 £ 0.58 -1.13,1.15 .89

Keratoconus —0.14 + 1.26  —3.08, 2.38 0.03 £ 093 —2.29,232 0.001 79 —017 £ 154  -3.19,285 .40
J45 (D)

Healthy —-0.07 £ 045 -091,136 —0.01 £ 045 —0.78,0.74 0.003 .69 —0.05+ 059 —-1.20,1.10 .50

Keratoconus 0.00 £1.20 -0.31,3.44 -0.08 £ 1.11 —3.20,2.53 0.002 74 0.08 £ 1.60 —3.05,3.21 .72
MCPP (D)

Healthy 4464 + 144 4426,45.03 4441 + 1.52 44.02,4480 0895 <.01 0.23 + 048 -0.70,1.17 <.01

Keratoconus 5256 + 528 51.15,53.97 53.81 £5.09 5244,5517 0.706 <.01 —-125+294 -7.00,451 <.01
WTW (mm)

Healthy 11.93 + 033  11.84,12.02 12.03 £ 040 45.76,47.30 0.087 .03 —-010 + 044 —0.96,0.76 .10

Keratoconus 11.90 + 0.38  11.80,12.00 1196 + 0.39 11.86,12.07 0.059 .08 —0.06 + 0.48 —1.00, 0.88 §65)
CI = confidence interval; JO = Jackson cross-cylinder, axes at 0 degrees and 90 degrees; J45 = Jackson cross-cylinder, axes at 45 degrees and 135 degrees;
K = keratometry; MCPP = maximum corneal power point; SimK = simulated keratometry; WTW = with the rule
*Difference between the 2 devices

The agreement in corneal power between these 2
devices in healthy eyes is consistent results with in pre-
vious reports that compared the corneal power obtained
with the Galilei dual rotating Scheimpflug-Placido
topographer”’ and the Allegro-Topolyzer Placido
topographer” with that obtained with other corneal
assessment devices. For example, previous studies
compared the simulated K value provided by Galilei
dual rotating Scheimpflug-Placido topography with
those of Placido disk devices and found good agreement
with Corneal Map Placido-based topographer (Costru-
zione Strumenti Oftalmici) (range 95% LoA —1.11
to 0.58 D) and the Humphrey Atlas corneal topogra-
pher (Carl Zeiss) (range 95% LoA —0.35 to 0.19 D)’;
however, in these studies, the Galilei dual rotating
Scheimpflug-Placido topographer underestimated the
corneal power compared with Placido-based devices,
in contrast with our results. In addition, the Allegro-
Topolyzer Placido topographer measured a lower

corneal power (underestimation) with good agreement
with various Scheimpflug camera devices (Pentacam)
(range 95% LoA: simulated K —0.28 to 0.27 D, flat K
—0.23 to 0.22 D, steep K —0.38 to 0.36 D)” and Sirius
(Costruzione Strumenti Oftalmici) (range 95% LoA:
simulated K —0.31t0 0.18 D, flat K —0.31 t0 0.17 D, steep
K —0.36 to 0.24 D),” agreeing with our results.

Corneal astigmatism is an important value in the
management of healthy eyes (in corneal refractive
surgery, toric IOL calculation, or astigmatic contact
lens fitting) and in keratoconus eyes (eg, clinical clas-
sification, intracorneal rings calculation). We found
good agreement in healthy eyes with a low value
(mean 0.02 £+ 0.32 D; LoA —0.60 to 0.64 D) compared
with that reported by Karimian et al.'’ (mean
0.09 + 0.34 D; LoA —0.75 to 0.58 D). Karimian et al.
compared corneal astigmatism with the Galilei dual
rotating Scheimpflug-Placido device and Corneal
Map Placido-based device. Delrivo et al.” concluded
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Figure 1. Bland-Altman plots of the agreement in simulated K, flat K, steep K, and maximum corneal power point between the Placido topog-
rapher and dual rotating Scheimpflug-Placido topographer in healthy eyes and keratoconus eyes. The mean difference (solid line) and 95% LoA
(discontinuous lines) are represented (K = keratometry; MCPP = maximum corneal power point; SimK = simulated keratometry).

that Pentacam Scheimpflug tomography and iTrace
Placido topography (Tracey Technologies) are inter-
changeable in eyes with astigmatism less than 2.0 D
because they found higher agreement between de-
vices in eyes with low astigmatism. The discrepancies
in the astigmatism value might not be clinically rele-
vant, such as in the final choice of IOL power (usually
available in 0.50 D increments6); therefore, both de-
vices could be used interchangeably with caution in
healthy eyes with previous cataract surgery or high
myopia management with IOL implantation. Hence,
in keratoconus eyes, we found moderate agreement
that suggests that the 2 devices we studied are not
interchangeable in the management of keratoconus
because the difference could be clinically significant.

In contrast, there was poor agreement in the
corneal astigmatism axis measurements in both
groups. In healthy eyes, this finding is important
because in toric IOL implantation, each 1-degree er-
ror in corneal axis determination produces a 3%
reduction in astigmatism correction.” The absolute

difference in the astigmatism axis between the 2
devices was negatively correlated with corneal
astigmatism in both study groups. Thus, a higher
agreement of axis measurements between the de-
vices was found when astigmatism was more se-
vere. Delrivo et al.® reported the same correlation
between the Pentacam device and the ilrace
Placido-based device. The accepted statistical anal-
ysis for corneal astigmatism is the decomposition
in vector components (JO and J45); however, the
clinical interpretation of these data is more difficult
and less clinically intuitive. We found a poor corre-
lation of vector components between the 2 devices.
Nevertheless, the highest JO difference was 1.57 D
in healthy eyes and —4.60 D in keratoconus eyes;
however, the axis differed only by 5.10 degrees
and 1.30 degrees, respectively. The same situation
occurred with J45; the difference was —1.43 D in
the healthy group and 6.64 D in the keratoconus
group. However, these results translate to 4.90 de-
grees and 4.60 degrees of difference in the
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Figure 2. Bland-Altman plots of the agreement in corneal astigmatism, astigmatism axis, JO, and J45 between the Placido topographer and dual
rotating Scheimpflug-Placido topographer in healthy eyes and keratoconus eyes. The mean difference (solid line) and 95% LoA (discontinuous lines)
are represented (JO = Jackson cross-cylinder, axes at 0 degrees and 90 degrees; J45 = Jackson cross-cylinder, axes at 45 degrees and 135 degrees).

astigmatism axis, respectively, between devices. providing a better understanding of the JO and J45

However, our polar plots improved the data presen- results.

tation and showed less difference in corneal astig- A keratoconus cornea with cone protrusion has a

matism in healthy eyes than in keratoconus eyes, focal steepening with a maximum corneal power point
Baseline Difference
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Figure 3. Polar-plot representation
of the astigmatism data. Baseline
data (left) of the dual rotating
Scheimpflug-Placido  topographer
(solid triangles) and Placido topogra-
pher (solid diamonds) and (right) the
difference (solid circles) between
both devices plotted for healthy
eyes and keratoconus eyes. The step
size between rings represents 1.0 D.
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Figure 4. Bland-Altman plot of the agreement in the WTW distance
between the Placido topographer and dual rotating Scheimpflug-
Placido topographer in healthy eyes and keratoconus eyes. The
mean difference (solid line) and 95% LoA (discontinuous lines) are rep-
resented (WTW = white to white).

surrounded by concentric decreasing power zones."'
This focal steepening in the cone should help confirm
the diagnosis of keratoconus and in general has values
greater than 46.0 to 47.0 D."' In our study, the
disagreement in the maximum corneal power point
in keratoconus eyes between dual rotating Scheimp-
flug-Placido topography and Placido topography
was greater; therefore, their measurements are not
interchangeable in keratoconus diagnosis, manage-
ment, and follow-up.

The horizontal corneal diameter or WITW distance
did not differ between groups or devices. This finding
was expected because keratoconus does not affect the
corneal diameter. Nevertheless, the WTW distance is
an important parameter in phakic IOL calculation
and implantation in myopic eyes and even in keratoco-
nus eyes.”> The WTW values provided by the 2 devices
would be not interchangeable because the LoA were
approximately 1.0 mm between devices in both group,
which have an effect in phakic IOL calculation and
postsurgical follow-up. This difference has not been
previously reported.

The major limitations of this study might be related
to the clinical implication of the differences in kerato-
conus management because these differences do not
imply that any device could be considered better
than the other or that the use of 1 device would lead
to better patient management than the other. Underes-
timation of corneal measurements by the Allegro-
Topolyzer Placido topographer and overestimation
by the Galilei-G4 dual rotating Scheimpflug-Placido

Abs Diff Axis (%)
SNUoJ0JRIaY

Auieay

Abs Diff Axis (%)

30

Mean Corneal Astigmatism (D)

Figure 5. Correlation between corneal astigmatism and absolute dif-
ference in axis of corneal astigmatism (degrees) in healthy eyes and
keratoconus eyes (Abs Diff = absolute difference).

topographer must be clarified in further studies. How-
ever, a strength of our study was that to our knowl-
edge, it is the first to show agreement in keratoconus
eyes and healthy eyes between Placido topography
and dual Scheimpflug-Placido topography because
the Galilei-G4 dual rotating Scheimpflug-Placido
topographer integrates data from Placido and
Scheimpflug technology for the anterior curvature
analysis using a proprietary method'® that takes into
account more data from the Scheimpflug cameras in
cases of irregular corneas, for which the Placido disk's
information is less accurate. Another limitation of this
study is related to the use of both eyes in the keratoco-
nus group. However, because keratoconus is an asym-
metric disease with great differences between the eyes
of the same patient, this use would have a negligible
impact on the study results and conclusions. Further
studies should be performed to determine the accu-
racy of corneal power measurements in keratoconus
eyes obtained with various technologies, such as
manual or automated keratometry, scanning-slit to-
mography, optical coherence tomography, partial
coherence interferometry, and point-source color
light-emitting diode topography.”

In conclusion, in this study, the discrepancy be-
tween Allegro-Topolyzer Placido topography and
Galilei-G4 dual rotating Scheimpflug-Placido topog-
raphy measurements was higher in keratoconus eyes
than in healthy eyes, probably because of the irregular
corneal surface associated with keratoconus. There-
fore, these 2 devices are not interchangeable in the

J CATARACT REFRACT SURG - VOL 42, AUGUST 2016
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management of keratoconus patients. However, in
healthy eyes, the corneal curvature measurements
provided by the 2 devices could be used interchange-
ably with caution.

WHAT WAS KNOWN
e In conjunction with a clinical examination, accurate

e Both Placido-disk and Scheimpflug—Placido imaging sys-

WHAT THIS PAPER ADDS
e Assessment of the anterior cornea showed better

anterior corneal curvature assessment is essential to
diagnose and manage keratoconus patients because
steepening of the anterior corneal curvature is of great
importance in the early detection, severity, and progres-
sion of the disease.

tems have been proposed for corneal assessment in
healthy eyes and keratoconus eyes with accurate and
clinically accepted data.

agreement between Placido-disk topography and dual
rotating Scheimpflug—Placido topography in healthy
eyes than in keratoconus eyes, suggesting that these
2 devices are not interchangeable in the management
of keratoconus.
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Introduction

Keratoconus is a corneal disorder progressive characterized by thinning and steepening
of the central and paracentral cornea, which leads to protrusion [1,2]. This ectatic
condition is bilateral and asymmetric, and it induces high myopia and irregular
astigmatism resulting in impairment in quality of vision [1,2]. Keratoconus commonly
appears during the second decade of life and puberty, and it progresses until the fourth
decade of life, when it generally stabilizes. This corneal disease affects approximately
1/2000 people in the general population [1,2].

Currently, Placido disk-based videokeratography is one of the most extensively used to
corneal topographic assessments in keratoconus [3-5]. Several topographic indices have
been developed to introduce objectivity in diagnosis, detection, grading the disease
severity and monitoring progression of the keratoconus [3-5]. Some of these indices are
K-Value and I-S Value (based on the central keratometry and the inferior-superior
asymmetry), SRAX (skewed radial axis; angle between the steepest superior meridian
and steepest inferior meridian), KSS (based on slit-lamp findings, corneal power and
higher order first corneal surface wavefront root mean square error), KPI (derived from
8 quantitative videokeratography indices), KISA% (based on K-Value, I-S Value, the
degree of regular corneal astigmatism and SRAX index) or CLMI (determined by the
location and magnitude of the curvature of the cone) between others [2,3,6]. However,
most of these indexes have been not extensively used in clinical practice.

Amsler—Krumeich classification permits to classify the keratoconus severity in four
levels using refractive (amount of myopia and astigmatism), topography (eccentric
steepening, central K readings), pachymetry, and biomicroscopic corneal signs
(presence of Vogt’s striae, corneal opacities and corneal scars) (Table 1) [7,8]. Despite
to be a commonly used classification there is some controversial with its clinical use,
because it is possible that the same patient shows keratoconus signs of different stages
making difficult an objective use and a practitioner's full judgment is necessary [9]. To
improve Amsler—Krumeich classification Ali6 and Shabayek [10] proposed its
modification including coma-like (3rd, 5th, and 7th order) values based on the
aberrometry analysis of 40 keratoconic eyes, however this study lacks of an exhaustive
analysis of sensitivity and specificity.

Meanwhile, anterior corneal wavefront analysis has been demonstrated to be an
effective tool to management keratoconus eyes, due to larger values of vertical coma,
coma and coma-like root mean square (RMS) founded in these patients [3,10-13]. This
increase of anterior high order aberrations, especially coma, is caused by the irregular
steepening and protrusion of the keratoconus anterior corneal surface [3,12].

The aim of this study was to analyse anterior coma aberration provided by Placido disk-
based videokeratography to improve the Amsler-Krumeich classification and provide
new cut-off values between different stages of severity in keratoconus.
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Materials and methods

Subjects

The subjects included in this study were divided into the following two groups: normal
subjects and keratoconus patients. Informed consent was obtained from each subject
after the Human Sciences Ethics Committee of the University of Valladolid granted
approval of the study. All subjects were treated in accordance with the Declaration of
Helsinki.

Independent corneal specialists confirmed the diagnosis of keratoconus after a complete
eye examination, which included topographical analysis (Placido and Scheimpflug) and
anterior eye assessment based on slit lamp findings (stromal thinning, conical
protrusion, Fleischer ring and Vogt striae) [2]. Eyes with previous acute corneal
hydrops or history of ocular surgery were excluded. Because keratoconus is a bilateral
and asymmetric disease, both eyes of the same patient were included in the study.
Keratoconus eyes were classified according to the Amsler-Krumeich classification [8].
Eyes with stage 4 were also excluded from the study to guarantee an optimal quality of
corneal topography due to that the eyes included in this group have corneal scarring.

Healthy patients with any active ocular-surface disease, corneal opacities, glaucoma,
use of medication that could affect ocular physiology and a history of any type of ocular
surgery and refractive error (equivalent spherical) greater than 6.00 diopters were
excluded. Soft and rigid contact lenses wear was discontinued for at least 2 and 4
weeks, respectively, before eye examination. A random single eye of each subject was
chosen for the study.

Measurement procedure

The Oculus Keratograph (Examination Software Version 1.76r45 FW1.19) is a
diagnostic device based on the Placido disc system supported by 22 measurement rings
with 22,000 elevation points (Oculus Optikgerate GmbH, Wetzlar, Germany). The
corneal measurements provided by the Oculus Keratograph which is identical Allegro-
Topolyzer in terms of hardware and software (WaveLight Technologie AG, Alcon
Laboratories, Erlangen, Germany) have been shown to have excellent repeatability in
normal and keratoconus eyes [5, 13].

Three successive corneal topographies of all eyes included in the study were taken with
the Oculus Keratograph following the manufacturer’s guidelines in a darkened room.
The subject’s chin was placed on the chin rest, and the forehead was pressed against the
forehead strap; the eye was aligned to the visual axis, and patients were asked to
perform a complete blink just before each measurement to spread an optically smooth
tear film over the cornea. Poor quality topographies with an “Analyze Area” value less
than 70% were deleted (these included artefacts from tear film or movement and
shadows from eyelids, eyelashes, or nose). The same experienced operator performed
all measurements and the device was calibrated before the study.

The normalized polar Zernike coefficient of coma [Z(3,£1); 6-mm optic diameter) was

recorder for each eye (Option Display — Zernike Analysis) to determine the cut-off
values to distinguish between normal and keratoconus corneas as well as to define

3



128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

152
153

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176

severity stages of keratoconus. Oculus Keratograph has demonstrated good repeatability
in coma value measurement in keratoconus patients showing statistically differences
between keratoconus stages (Amsler Krumeich) [13].

Statistical Analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS, Chicago, IL, USA)
statistical package for Windows. A normal distribution of variables was assessed using
the Kolmogorov—Smirnov test (P values >0.05 indicated that the data were normally
distributed). Independent Student t-test was used to compare coma value between
healthy and keratoconus eyes (P values <0.05 were considered significant). Differences
between the keratoconus stage according to the Amsler-Krumeich classification were
calculated with an analysis of variance (ANOVA; P values <0.05 were considered
significant) with Games-Howell post hoc comparison after homogeneity of variance
analysis with Levene test (P<0.05 rejects the hypothesis that the variances are equal).

Receiver-operating-characteristic (ROC) curves of coma value were calculated to obtain
the area under the curve (AUC) that provides a single metric that can be used to judge
the overall discriminative ability of a classification method. Based on the magnitude of
the AUC, the accuracy of a diagnostic test is classified as perfect test (AUC 1.0),
excellent (AUC 0.9 to 0.99), good (AUC 0.8 to 0.89), fair (AUC 0.7 to 0.79) and non-
useful test (AUC <0.7) [14]. Sensitivity [true positive/(true positive + false negative)],
specificity [true negative/(true negative + false positive)], and cutoff value that
corresponded to the maximum AUC were calculated.

Results

One hundred and forty-seven eyes were included in the study and divided into two
groups (normal and keratoconus eyes). In normal group, 70 eyes of 70 subjects (48
women, 22 men) were included, with a mean age of 28.9 + 7.6 years (range, 19 to 50
years) and a mean spherical equivalent refractive error of -3.12 + 2.10 D (range, +1.50
D to -6.00 D). Seventy-seven eyes of 45 keratoconus patients (17 women, 28 men)
comprised the keratoconus group (21 keratoconus eyes in stage I, 30 eyes in stage I,
and 26 eyes in stage Il1, according to the Amsler-Krumeich classification) with a mean
age of 30.3 £ 7.1 years (range, 18 to 51 years) and a mean spherical equivalent
refractive error of -5.77 + 3.93 D (range, +1.75 D to -13.75 D).

The coma value in the keratoconus group (2.294 £ 0.137 pum; CI195% from 2.020 to
2.567 um) was statistically significantly higher (P<0.001) from the value found in the
normal group (0.173 + 0.009 um; CI95% from 0.154 to 0.193 pm). Moreover,
statistically significant differences (P<0.01, Post Hoc pairwise) between the coma value
between stage 1 (0.948 £+ 0.069 um; C195% from 0.803 to 1.093 um), stage 2 (2.062 *
0.103 um; CI195% from 1.853 to 2.273 um) and stage 3 (3.646 = 0.135 pum; CI195% from
3.368 to 3.925 um) were found (Figure 1).

ROC curves (Figure 2) and the AUC (Table 2) shows excellent discriminant ability for
coma measurement in all pairwise. In discriminating keratoconus eyes from normal
eyes, coma value presented a cut-off value of 0.377 um that provided 100% sensitivity
and 100% specificity (Figure 2-A and Table 2). In discriminating severity keratoconus
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stages, coma value showed a cut-off value of 1.466 um between stage 1 and 2 (90%
sensitivity and 100% specificity, Figure 2-B and Table 2) and 2.790 um between stage 2
and 3 (92% sensitivity and 83.3% specificity, Figure 2-C and Table 2).

Discussion

Topographic analysis of the anterior corneal surface is an excellent tool that has been
used for the keratoconus diagnosis, characterization and progression of the disease
[3,6,15]. Several indices, decision trees, and neural networks based on the corneal
topographic data have been developed to detect suspect corneas affected by ectasia and
grading of the severity of the disease [6,16].

Amsler-Krumeich classification (Table 1) is commonly used in research and clinical
practice, nevertheless practitioner’s full judgment is necessary because the same patient
could be classifies into two different stages [9] and this classification fails to address
current information and technological advances nowadays available [1]. Keratoconus
Severity Score (KSS) (proposed by McMahon et al. for grading the severity of
keratoconus) [17] utilizes corneal signs (Vogt's striae, Fleischer ring and corneal
scarring), average corneal power, higher-order first corneal surface wavefront root mean
square error and subjective interpretation of the pattern topography map, resulting in
severity score grading system (between 0 to 5). Smolek, et al. developed the
Keratoconus Severity Index (KSI; also known as Smolek/Klyce index) with a
combination of a neural network and a binary decision-making tree assessing data
collected from TMS-1 videokeratoscope corneal topography (Tomey Technology,
Waltham, MA) [18]. KSI index classifies in three levels: normal cornea (score less than
15%), suspected keratoconus (between 15% to 30%), and manifest keratoconus (score
higher than 30%) [18] Keratoconus Classification Index proposed by Maeda et al. (KClI,
also known as Maeda/Klyce index) combined eight topographic indices derived from
TMS-1 that provide a classification tree being KCI 0-5% a sign for suspecting
keratoconus, and KCI1>5% a sign for manifest keratoconus [19].

Another option for classification of keratoconus into stages is provided by several
Scheimpflug devices. For example, Pentacam (Oculus Optikgerdte GmbH, Wetzlar,
Germany) has integrated the Belin/Ambrdsio Enhanced Ectasia Display that combine
data from anterior and posterior elevation, maximum corneal curvature, and pachymetry
to facilitate the keratoconus diagnosis [20] and recently has included the “Belin ABCD
Keratoconus Classification” that uses the anterior and posterior radius of curvature
taken from the 3 mm zone centred on the thinnest point, the corneal thickness at the
thinnest point and the best corrected distance visual acuity proposing 5 stages (between
0 to 4) [21]. Other devices such as Ocular Response Analyzer using the Keratoconus
Match Index (KMI) and the Keratoconus Match Probability (KMP) to estimate the
probability of the measurement being classified into stages 0—4 based in biomechanical
diagnosis [22]. GALILEI dual Scheimpflug analyzer system use a full range of corneal
indices [surface indices including inferior-superior index (I-S), standard deviation of
corneal power (SDP), surface regularity index (SRI), surface asymmetry index (SAl),
irregular astigmatism index (1Al), differential sector index (DSI), opposite sector index
(OSI), center/surround index (CSI), keratoconus prediction index (KPI), and
keratoconus probability (KProb)] derived from Placido-disc, Scheimpflug technology
and wavefront to distinguish keratoconus from normal corneas [23].
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However, these grading classifications present several problems due to a high grade of
dependency for the corneal topographer or device for which it has been developed
(TMS, Pentacam, ORA, GALILEI, etc.) and use huge number of data that make
difficult their application in clinical practice without the software designed to data
analysis. This makes difficult to establish an easy keratoconus severity classification to
be used for all eye care practitioners; in primary care (helping in early detection and
diagnosis) and in specialist units (keratoconus management, special contact lens fitting,
surgery, etc.).

In summary, there is not an accepted clinical classification for keratoconus severity [1],
so new classifications proposals based in current data and technology are necessary to
improve keratoconus diagnosis and patient care. The cut-off values of anterior coma
aberration proposed in this study could permits to improve the classification of
keratoconus stage in a simple and quickly way, with an excellent sensitivity and
specificity that improve previous reports [10,24-26]. Alié and Shabayek [10] modified
previously the Amsler—Krumeich classification introducing coma-like values in a study
involved 40 eyes, founded cut-off values lacking of sensitivity and specificity analysis,
and consequently, without sound evidence of its useful clinical practice.

The discriminative ability of anterior corneal wavefront data in keratoconus disease is
consistent in the literature [24,26,27]. We found a cut-off coma value of 0.377 um to
distinguish normal corneas to early keratoconus with 100% sensibility and 100%
specificity. Other authors have analysed the cut-off value of the vertical coma or coma-
like to detect keratoconus showing different results. For example, Buhren et al. [24]
reported a cut-off vertical coma of -0.385 um (100% sensibility and 100% specificity)
and a cut-off coma-like of 0.555 pum (100% sensibility and 98.4% of specificity). The
same author in posterior study founded a cut-off vertical coma of -0.275 pum with poor
results (81.3% sensibility and 80.8% specificity) [27]. Reddy et al. [26] reported a very
different cut-off value of vertical coma of -0.540 pum with 57% of sensibility and 90%
of specificity. However, in these studies analysis were conducted comparing normal
against wide sample of keratoconus eyes, without an independent analysis between
advanced and early cases as we propose in our study. Including advanced keratoconus
eyes allow find high sensitivity and specificity values, but clinically relevant issue in
keratoconus detection is be able to differentiate between healthy and early keratoconus®
(stage 1), as we find in our study.

Our results could be of interest in feature studies involving several therapeutic choices
for the management of keratoconus, such as special contact lens fitting,
thermokeratoplasty procedures, corneal collagen cross-linking (CXL), intracorneal ring
segment (ICRS) implantation, and lamellar and penetrating keratoplasty due to a
proposal of simply classification of the severity disease. For example, in selection of the
adequate patient for ICRS implantation full ophthalmic examination should be
performed including corneal aberrometry however there are not a cut-off value that help
in this clinical decision [28]. Moreover, there are nomograms to decide the number, arc
length, thickness, and position of the ICRS based on anecdotic clinical data or variables
that are subjectively assessed for example subjective refraction or cone pattern
classification [28].

Meanwhile, corneal collagen cross-linking is a treatment strategy for progressive
keratoconus, however, currently there is no consistent or accepted definition of
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progression of the disease [1]. For this reason, our results could be the initial line of
investigation providing objective assessment in keratoconus management and follow up
that could permit an objective assessment of the disease progression.

The major limitations of this study may be related with the use of a single anterior
Placido-based topographer (Oculus Keratograph). However, the small differences
between different devices in coma value (<0.21 microns in healthy eyes) [29] or in
corneal topography data in keratoconus eyes (ICC >0.930) [30] suggest that this factor
could has a limited effect in our cut off values. The use of an anterior Placido based
topographer could controversial because corneal tomography (Scheimpflug or optical
coherence tomography devices) is the most widely accepted to diagnose early
keratoconus [1]. But, anterior Placido-based corneal topographers are widely used to
corneal topographic assessment [3-5] so the cut off values proposed could be of great
utility in keratoconus screening and early keratoconus diagnosis but never replace a
complete exam that involve corneal tomography and full corneal thickness assessment
to provide a definitive diagnosis [1]. Moreover, we have included a stratified analysis
with different keratoconus stages to guarantee that the classification rule is able to
differentiate between healthy and early keratoconus stage - following the
recommendations of the Global Consensus on Keratoconus and Ectatic Diseases panel
[1] - and to guarantee that advanced stage does not produce any effect in our early
diagnosis cut-off value, as previous reports included. For this reason, severe
keratoconus eyes (Amsler-Krumeich 4 stage) were not included in this study because
eyes in this stage, have corneal scarring that could be influenced in the results and a
good diagnosis criterion may allow early detection and diagnosis as our classification
rule propose. More research with high sample size of keratoconus patients and different
topographers or tomographers could be necessary to support the applicability of this
new keratoconus classification rule with other devices.

Conclusions

These results suggest that coma value could be useful to improve Amsler-Krumeich
keratoconus classification and could be of high interest to eye care practitioners and
refractive surgeons, who use wavefront assessment to support clinical decisions in
keratoconus patient management. Therefore, the use of anterior coma aberration may
improve the topographical diagnosis of keratoconus and facilitate keratoconus patients’
assessment and follow up.

Figure Legends

Figure 1. Differences in anterior coma (microns) between healthy and all keratoconus
eyes, (P<0.01) and between healthy with each keratoconus grade (Amsler-Krumeich)
(P<0.01). Moreover, statistically significant differences between stage 1-2 (P<0.001),
stage 1-3 (P<0.01) and stage 2-3 (P<0.01) have been found in coma value, as well.

Figure 2. Receiver operating characteristic (ROC) curves of coma value for the
discrimination between normal corneas and keratoconus (A); stage 1 and stage 2 (B);
and stage 2 and stage 3 (C).
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Highlights

1. Videokeratography is the most extensively used to corneal topography in keratoconus
2. Topographic indices have been developed to detect and grading keratoconus

3. The clinical use of Amsler-Krumeich classification is controversial

4. Coma has been demonstrated to be an effective value to management keratoconus

5. Anterior coma could be useful in keratoconus classification
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Table 1: Amsler-Krumeich keratoconus classification

Stage |

Eccentric steepening

Myopia and/or astigmatism < 5.00 D
Mean central K readings < 48.00 D
Vogt’s striae, no corneal opacities

Stage Il

Myopia and/or astigmatism from 5.00-8.00 D
Mean central K readings < 53.00 D

Absence of scarring

Minimum corneal thickness > 400 um

Stage 111

Myopia and/or astigmatism from 8.00-12.00 D
Mean central K readings > 53.00 D

Absence of scarring

Minimum corneal thickness from 200-400 pum

Stage IV

Refraction not measurable

Mean central K readings > 55.00 D
Central corneal scarring

Minimum corneal thickness < 200 um

Table 2. Results of ROC analysis of sensitivity and specificity of coma value
to discriminate between keratoconus and normal eyes and between

keratoconus stages.
Pairwise AUC | 95%CI | SE Va?uugc(’:lfm) Se”(so'/f)')" 'ty Spe(%'/‘;')c'ty
Normal — Keratoconus 1 1-1 0.00 0.377 100% 100%
Normal — Stage 1 1 1-1 | 000 | 0377 100% 100%
Stage 1 2 0.97 |092-101| 002 | 1466 90% 100%
Stage 2 3 097 | 093-1 | 002 | 2790 92% 83.3%




CAPITULO 5: Fiabilidad y utilidad de la topografia corneal en el
proceso de adaptacion de LC RPG en queratocono

5.5. Deteccion del
queratocono en

atencion primaria

Ortiz-Toquero S, Martin R"*3#

Keratoconus screening in primary eye care — A general overview.

European Ophthalmic Review. 2016; 10: 80-85.

DOI: https://doi.org/10.17925/EOR.2016.10.02.80.

'Dpto. Fisica Tedrica Atdmica y Optica. Universidad de Valladolid (Spain).
?|nstituto de Oftalmobiologia Aplicada (IOBA). Universidad de Valladolid (Spain).
30ptometry Research Group, IOBA Eye Institute. Universidad de Valladolid (Spain).
“Faculty of Health and Human Sciences. Plymouth University (United Kingdom).

243






Review Corneal Disorders

Keratoconus Screening in Primary Eye
Care - A General Overview

Sara Ortiz-Toquero' and Raul Martin'23

1. Optometry Research Group, IOBA Eye Institute, School of Optometry, University of Valladolid, Valladolid, Spain; 2. Universidad de Valladolid,
Departamento de Fisica Tedrica, Atomica y Optica, Valladolid, Spain; 3. School of Health Professions, Plymouth University, Plymouth, UK.

eratoconus early detection (screening) and diagnosis requires an in-deep corneal analysis with different technigues; slip lamp

assessment, corneal topography and corneal tomography are the most commonly accepted to detect clinical signs and assess

anterior and posterior corneal surface and global corneal pachymetry. However, keratoconus early detection and definitive
diagnosis are two different clinical procedures that require a different approach and goals. The aim of this review is to provide some
general information about different corneal assessment technology, useful in keratoconus patient assessment; highlighting the differences
in the adequate investigation techniques to its detection in primary eye care clinic and to conduct the definitive diagnosis (usually in a
cornea specialist clinic). Information of most extensively available commercial devices and the advantages and disadvantages of their
use in keratoconus early detection and diagnosis are described. In conclusion, corneal topography (Placido-based keratographers) plays a
significant role in keratoconus detection, especially in primary eye care clinics. However, corneal tomography (with different slit scanning
and/or rotational imaging devices) including posterior corneal surface assessment and global corneal pachymetry investigation, is critical in
definitive keratoconus diagnosis.

Keratoconus early detection (screening) and diagnosis requires an in-deep corneal analysis with

Keratoconus, early detection, screening, different techniques available.” Slip lamp assessment and corneal topography/tomography are the
corneal topography, corneal tomography, most commonly accepted techniques in eye examination.
primary eye care
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Figure 1: Placido-based topography in a keratoconus patient

A. Placido image; B. Tangential (power) map. Keratograph (OCULUS, Optikgeréte GmbH,
Wetzlar, Germany).

Keratoconus detection, diagnosis and classification
Keratoconus diagnosis is a challenge.>” Early stages of keratoconus,
where clinical signs are not manifest on biomicroscopy (stromal thinning,
conical protrusion, Fleischer corneal epithelial iron ring, Munson sign,
Rizzuti sign, or Vogt striae)’® but the cornea demonstrates subtle
topographic features comparable to those of clinical keratoconus
receive the name of fruste keratoconus, subclinical keratoconus or
keratoconus suspect.* Therefore, distinguishing between healthy
cornea and early keratoconus (in opposition to moderate or advanced
stages), of subclinical keratoconus or other ectatic diseases imposes
greater diagnostic challenge.s” It is of paramount clinical importance in
primary eye care and in screening refractive surgical patients to avoid
iatrogenic corneal ectasia after laser surgery.*

Clinical keratoconus is reliably detected with Placido disk-based
corneal topography and even sometimes at slit-lamp examination.™
Other technologies, such as: corneal tomography (Scheimpflug or
dual Scheimpflug devices),*™" anterior segment optical coherence
tomography (AS-OCT),™®" biomechanical devices®” that analyse the
anterior and posterior corneal surface, full corneal thickness map,

epithelial mapping, or corneal biomechanical properties are necessary
to complete keratoconus diagnosis.>»

Currently, there is no clinically accepted classification allowing eye-
care practitioners to clearly differentiate between healthy and
keratoconus cornea (especially in early stages), and that could be
used in patients’ follow-up in suspect (or diagnosed) cases. The most
common classifications were the Amsler-Krumeich,”? and Collaborative
Longitudinal Evaluation of Keratoconus (CLEK)* classifications. However,
both classifications fail to address current information and technological
advancesb and a new classification criterion is necessary.

The Amsler-Krumeich classification proposes four different stages
using refractive, topographic and biomicroscopic corneal signs. The
CLEK classification proposes to use the average corneal power and
root mean square (RMS) error for higher-order Zernike terms (derived
from the first corneal surface wavefront) combined with clinical
biomicroscopic signs. Because larger values of vertical comahave been
found in keratoconic corneas, high-order corneal aberration analysis
could play a relevant role in future keratoconus classification®2
Therefore, future keratoconus classifications will be directly
dependent on the accuracy and reliability of the corneal device used in
patient assessment.?#

Corneal topography

Corneal topography is a method of computer-assisted, non-invasive
examination of the anterior surface of the cornea. It provides a
qualitative and quantitative description of the morphology of the cornea
in a topographical map after analysing the reflected image of illuminated
rings (Placido disk) onto the corneal surface (Figure 17).%

Corneal topography was introduced in the mid-1980s with the developing
of different algorithms to analyse the Placido photokeratoscope’s
images, and has represented a true revolution in the diagnosis and
management of corneal disease,? including keratoconus. Nowadays,
corneal topographers are one of the most extensively used devices in
clinical practice.?#

Infact, several mathematical indices have been developed with the aim of
helping with keratoconus detection, grading the disease and monitoring
its progression.”*" For example; central keratometry (K-value)®* with
different cut-off values to keratoconus suspect (>47.2 D); inferior-
superior asymmetry (I-S value)® with a cut-off value of 1.4 D difference
between average inferior and superior corneal powers at 3 mm from the
centre of the cornea; the steepest radial axes (SRAX)* calculated with
the angle between the steepest superior meridian and steepest inferior
meridian; surface asymmetry index (SAI)®3*: keratoconus severity score
(KSS)* calculated with some corneal topography features (axial pattern,
average corneal power and higher-order RMS) and slit-lamp signs
(including scarring); keratoconus prediction index (KPI)* calculated after
a discriminant analysis of eight quantitative videokeratography indices
(Simulated K1, Simulated K2, opposite sector index [OSI], centre/surround
index [CSI], differential sector index [DSI], SAI, irregular astigmatism index
[IA]] and analysed area [AA]); keratoconus percentage index (KISA%)*
based on K-value, I-S value, keratometric astigmatism (AST), and SRAX
indices; or cone location and magnitude index (CLMI),* calculated with
the axial and tangential curvature data.

However, most of these indices depend on the topography software,

but with sensitivity and specificity controversial, they may be difficult
to understand® and have not been extensively used in clinical practice.
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Figure 2: Corneal tomography in a keratoconus patient

ocuLus

A. Scan image (Scheimpflug image); B. Axial (power) map, anterior and posterior
elevation maps, and global pachymetry map. Pentacam (OCULUS Optikgerate GmbH,
Wetzlar, Germany).

Therefore, new criteria, easy to use and non-device dependent methods
would be necessary to improve keratoconus detection, diagnosis
and classification.”#

Gas permeable (GP) CL fitting is the primary keratoconus management
option.«*¥ However, fitting of GP lenses in keratoconus patients
is challenging because the irregular cornea often requires several
diagnostic lenses to achieve a final acceptable GP lens fit, which
prolongs practitioner and patient chair time.*“ However, GP CL fitting
could be improved with different CL fitting software that analyses
Placido-based corneal topography curvature data to propose the lens
parameters, mainly base optic zone radius and lens diameter.«#46-4
Using these software could decrease the number of diagnostic lenses
necessary to achieve an acceptable CL fit and reduce the chair time in
keratoconus patients. 14414

Although, corneal topography is probably the most commonly used tool
for the diagnosis of keratoconus, it is accepted that this technigue may
lead to false negatives in the subclinical phase. That means that Placido-
based videokeratographers cannotidentify very mild forms of keratoconus
(fruste keratoconus) that would require to be identified, assessing
corneal thickness and anterior/posterior curvature measurements over
the entire cornea provided with corneal tomography.2* Standard corneal
topography could be an acceptable technique in primary care but not in
speciality clinics or in screening refractive surgical patients,™' where a
complete diagnosis is necessary and complete corneal assessment with
corneal tomography.
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Figure 3: Anterior and posterior corneal elevation and global
pachymetry maps achieved with Galilei corneal tomographer
in a keratoconus patient
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A. Scan image (Scheimpflug image), B. Placido image, C. Axial (power) map, global
pachymetry map, anterior and posterior elevation maps.

Corneal tomography

The term computed tomography is classically used in medicine, for
referring to the radiographic technique for imaging a section of an
internal solid organ, producing a three-dimensional image. Corneal
tomography allows three-dimensional characterisation of the cornea
(Figure 2) after anterior and posterior corneal surface analysis, using
different slit-imaging technologies,>*"%? such as vertical slit scanning,
rotational Scheimpflug imaging,* arc scanning with very high-frequency
ultrasound, and optical coherence tomography.* The first device that
permitted imaging of the anterior and posterior corneal surfaces,
was the Orbscan Il (Bausch + Lomb, New York, US).®* This has since
been replaced by rotational Scheimpflug devices, such as: Pentacam®
(OCULUS  Optikgerdte GmbH, Wetzlar Germany),” WaveLight®
Oculyzer™ (Alcon, Texas, US)* and Preciso (lvis Technologies, Taranto,
Italy). Finally, other devices combine Placido-based topography with
slit-image analysis and are collectively named hybrid systems, hybrid
topographers or dual Scheimpflug-Placido tomographers. Highlight
Galilei G4 (Ziemer, Port, Switzerland),® TMS-5 (Tomey, Aichi, Japan) and
SIRIUS (CSO, Firenze, Italy)” are examples of these devices. In summary,
corneal tomography defines the spatial relationship between the
anterior and posterior corneal surfaces and provides a global thickness
corneal map (Figure 3).
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Figure 4: Anterior segment optical coherence tomography in
a keratoconus patient (OCT-SA- Casia; Tomey, Aichi, Japan)

Table 1: Commercially available methods and instruments
for corneal assessment

A. Scan image with a scleral lens, B. Anterior and posterior elevation maps, axial
(power) map and global pachymetry map.

Corneal tomography has been recognised as a critical diagnostic
component in keratoconus patients’ assessment,® helping in diagnosis
(differentiating between fustre and clinical keratoconus) and monitoring
progression, because it is necessary to confirm changes on the posterior
corneal surface and corneal thickness alteration in order to diagnose
(and monitor) keratoconus.s 5041

Anterior segment optical coherence tomography
The first report of AS-OCT imaging appeared in 1994.62 OCT compares
the time delay of infrared light (1310 nm) reflected from the anterior
segment structures against a reference reflection, achieving a high
resolution cross-sectional image of the anterior segment of the eye
(from 2 to 20 ym).&

There are three commercial AS-OCT devices; Visante (Carl Zeiss Meditec,
Jena, Germany), RTVue-OCT (Optovue, California, US) and Casia SS-
1000 (Tomey, Aichi, Japan).#< AS-OCT has been proposed to assess
keratoconus patients (Figure 4);% helping to investigate corneal thickness
asymmetry,¢” epithelial thickness-distribution characteristics® and
monitoring progression.’” AS-OCT could be a promise tool in keratoconus
diagnosis (helping to differentiate between fustre and clinical forms of
keratoconus of healthy corneas).

Biomechanical devices

Keratoconus corneas show abnormalities in biomechanical response
when they are compared to normal corneas in ex-vivo studies.©”
However, in-vivo measurement of corneal biomechanics remains a
difficult task, and just two commercially available instruments have been
proposed;'”'72 the Ocular Response Analyzer® (ORA; Reichert, New York,
US) and the Corneal Visualization Scheimpflug Technology (Corvis® ST;
Oculus Optikgerate GmbH, Wetzlar, Germany).

Method

Javal-Schiotz principle

Technology

Product (manufacturer)
Keratometry Two position keratometer*
Bausch & Lomb principle ' One position keratometer*

Corneal
topography

Videokeratoscope ATLAS 9000™ (Carl Zeiss Meditec,
Jena, Germany)

Keratograph (OCULUS Optikgerate
GmbH, Wetzlar, Germany)

CA-800 (Topcon, Tokyo, Japan)
Medmont E300 (Medmont, Victoria,
Australia)

TMS-4a (Tomey, Aichi, Japan)
OPD-Scan Il (Nidek Technologies,
Padua, Italy)

EyeSys 2000 (EyeSys Vision Inc,

Texas, US)
Corneal Vertical slit-scan

tomography

Orbscan Il (Bauch&Lomb, EE.UU.)

Rotating Scheimpflug Pentacam® (OCULUS Optikgerate
GmbH, Wetzlar, Germany)
WaveLight® Oculyzer™ (Alcon,
Texas, US)

Preciso (lvis Technologies, Taranto,

Italy)

Galilei G4 (Ziemer, Port, Switzerland)
TMS-5 (Tomey, Aichi, Japan)

SIRIUS (CSO, Firenze, Italy)

Hybrid system

Visante (Carl Zeiss Meditec, Jena,
Germany)

RTVue-OCT (Optovue, California, US)
Casia SS-1000 (Tomey, Aichi, Japan)

Anterior segment optical
coherence tomography
(AS-0OCT)

Arc scanning with
very high-frequency
ultrasound

Artemis 3 (ArcScan, Colorado, US)

Bi-directional
applanation process

Corneal
biomechanical

Ocular Response Analyzer® (ORA,;
Reichert, New York, US)

Ultra-high speed
Scheimpflug camera

Corneal Visualization Scheimpflug
Technology (Corvis® ST, Oculus
Optikgerate GmbH, Wetzlar, Germany)

* Different manufacturers. Non-exhaustive list.

The ORA employs a dynamic bi-directional applanation process with an
air-pulse, similar to that of traditional air-puff tonometers.””* The Corvis ST
is a non-contact tonometer with a dual Scheimpflug, high-speed camera
that takes more than 4,300 frames per second of the horizontal meridian
of the cornea, and captures approximately 140 cross-sectional images of
the cornea during the air-puff induced deformation.'””27* Both devices
determine different corneal biomechanical metrics, mainly corneal
hysteresis (CH) and corneal resistance factor (CRF) with ORA -including
37 parameters that describe the waveform of the applanation signal- and
deformation amplitude respectively with CorVis. Intraocular pressure (IOP)
and IOP value corrected with corneal thickness value is also provided.

Corneal biomechanical metrics are statistically significant between
keratoconic and healthy corneas using both ORA”77” (keratoconus
showed lower CH and CRF value) and Corvis”7## (keratoconus showed
higher deformation amplitude), which could be useful to detect
subclinical keratoconus.®

Unfortunately, data provide for these devices have not proven to be a
definitive keratoconus diagnostic value (able to differentiate between
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keratoconus, forme fruste and normal eyes)" because a substantial
overlap exists with normal corneas,®# and further research is necessary
to obtain valid cut-off values to use in combination with more clinical
data. 27275778885 |n summary, further clinical validation is necessary to
inderstand the meaning of these biomechanical parameters obtainied
with ORA and Corvis before they can be used in clinical practice.”

Other technologies or devices have been proposed to measure corneal
biomechanical properties, for example: acoustic radiation force (ARF),®
applanation resonance tonometry (ART),¥” confocal microscopy,® optical
coherence elastography,® scanning acoustic microscopy (SAM),?
supersonic shear wave imaging (SSI)”" that must be validated in human.”

Discussion

Keratoconus early detection, diagnosis and classification are a challenge.®
Both early detection and final diagnosis require a complete eye exam
and in-depth corneal assessment using different technologies, such as:
corneal topography, corneal tomography, corneal biomechanics and
others. However, it is necessary to differentiate between early detection
of keratoconus and the final or definitive diagnosis. Early detection is of
paramount importance in primary eye care, when a definitive diagnosis
is not always required and referral to cornea specialist is necessary to
conduct final keratoconus diagnosis. In fact, both procedures are slightly
different and should follow different criteria.

Unfortunately, primary eye care service is not easy to define,” but there
is a reasonable consensus accepting that primary care is the provision of
first contact care for ophthalmic conditions and the follow up, preventive,
and rehabilitative care of selected eye conditions,” in contrast with
secondary or referral specialist services.” Related with keratoconus
screening and diagnosis, in primary eye care, one of the most important
purposes should be the detection potential keratoconus indicator (mainly
related with patient’'s corneal shape) in a large population generally
asymptomatic or with unspecific symptoms. This practice requires the
use of cheap techniques accepted by patients and eye care practitioners

with a reasonable sensitivity and specificity. The most commonly used in
these clinics are Placido-based corneal topography. In future, if the price
of corneal tomographers is reduced, these devices could be introduced
in primary eye care clinics. A survey to optometrists in Australia showed
that near of 45% of practitioners have a corneal topographic unit.” This
percentage is lower in United Kingdom (26%) and higher in Spain (60%)
(Author unpublished data).

Primary eye care practitioners play a relevant role in early detection of
eye disorders and pathologies.”** Keratoconus could be suspected
in risk patients (Down syndrome, relatives of affected patients, ocular
allergy, Asian or Arabian ethnicity, eye rubbing, floppy eyelid syndrome,
atopy, connective tissue disorders [Marfan syndrome] and others)5,98,99
or when certain clinical signs are found in the eye exam, such as: scissors
reflex during retinoscopy exam, “oil-droplet” reflex (Charleux sign),
change in astigmatism refraction (in axe or power) or myopia increase
with asymmetry between both eyes.”10-13

In opposition, a definitive diagnose is usually done in specialist clinics,
for example in cornea units, refractive surgery, etc. This practice requires
establish keratoconus presence using the necessary techniques,
which may be expensive but justifiable, such as: corneal tomography,
AS-OCT and others devices that allow the characterisation of corneal
biomechanical properties.

Conclusions

In summary, corneal topography plays a significant role in keratoconus
detection in primary eye care, because anterior Placido-based corneal
topographers are cheaper devices with great utility in keratoconus
management (fitting GP CL) and follow up. However, a definitive
keratoconus diagnosis requires anterior and posterior corneal assessment
(with corneal tomography and other techniques) and global pachymetry
investigation able to distinguish between healthy cornea, fustre
keratoconus and keratoconus. So, corneal tomography is compulsory to
conduct a definitive diagnosis or in refractive surgery patients screening.Q
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Purpose: To calculate and validate a new web-based algorithm for selecting the back optic zone radius
(BOZR) of spherical gas permeable (GP) lens in keratoconus eyes.
Methods: A retrospective calculation (n=35; multiple regression analysis) and a posterior prospective
validation (new sample of 50 keratoconus eyes) of a new algorithm to select the BOZR of spherical KAKC
design GP lenses (Conoptica) in keratoconus were conducted. BOZR calculated with the new algorithm,
manufacturer guidelines and APEX software were compared with the BOZR that was finally prescribed.
Number of diagnostic lenses, ordered lenses and visits to achieve optimal fitting were recorded and
compared those obtained for a control group [50 healthy eyes fitted with spherical GP (BIAS design;
Conoptica)].
Results: The new algorithm highly correlated with the final BOZR fitted (r? =0.825, p < 0.001). BOZR of the
first diagnostic lens using the new algorithm demonstrated lower difference with the final BOZR
prescribed (-0.01 +0.12 mm, p =0.65; 58% difference < 0.05 mm) than with the manufacturer guidelines
(+0.12 £0.22 mm, p < 0.001; 26% difference <0.05 mm) and APEX software (-0.14 +0.16 mm, p=0.001;
34% difference < 0.05 mm). Close numbers of diagnostic lens (1.6 = 0.8, 1.3 +£0.5; p=0.02), ordered lens
(1.4+0.6, 1.1 £0.3; P<0.001), and visits (3.4 +0.7, 3.2+ 0.4; p=0.08) were required to fit keratoconus
and healthy eyes, respectively.
Conclusion: This new algorithm (free access at www.calculens.com) improves spherical KAKC GP fitting in
keratoconus and can reduce the practitioner and patient chair time to achieve a final acceptable fit in
keratoconus. This algorithm reduces differences between keratoconus GP fitting (KAKC design) and
standard GP (BIAS design) lenses fitting in healthy eyes.

© 2016 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.
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Algorithm

Gas permeable
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Keratoconus

1. Introduction

Keratoconus is a progressive corneal disorder that is character-
ized by a thinning and steepening of the central and paracentral
cornea [1-4]. This ectatic condition is bilateral and asymmetric,
and it causes high refractive myopia and irregular astigmatism.
Keratoconus affects approximately 1/2000 people in the general
population [1-4]. Keratoconus commonly appears during the
second decade of life and puberty, and it progresses until the fourth
decade of life, when it generally stabilizes [1-4].

* Corresponding author at: IOBA Eye Institute, University of Valladolid, Paseo de
Belen, 17, 47011, Valladolid, Spain.
E-mail address: raul@ioba.med.uva.es (R. Martin).

http://dx.doi.org/10.1016/j.clae.2016.12.009

The refractive error can be managed with spectacles or soft
contact lenses (CLs) in the early stages of this disease, but corneal
irregularities induce higher-order aberrations that cannot be
corrected with traditional ophthalmic lenses as keratoconus
progresses [2,4]. Gas permeable (GP) CLs represent the best option
for visual rehabilitation of keratoconus [1-4]. This type of CLs
generally improve best corrected visual acuity (BCVA) better than
spectacles or soft CL because the tear layer between the GP CL and
the anterior surface of the cornea reduces visual distortion and
forms a new regular optical surface [2,5,6].

The fitting of GP lenses in keratoconus patients is challenging
for eye care practitioners because the irregular cornea often
requires several diagnostic lenses to achieve a final acceptable GP
lens fit, which prolongs practitioner and patient chair time [7-12].
Manufacturers of GP lenses generally provide guidelines for

1367-0484/© 2016 British Contact Lens Association. Published by Elsevier Ltd. All rights reserved.
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selecting the back optic zone radius (BOZR) of the CL to fit in
keratoconus eyes based on the anterior corneal curvature, but
changes in the parameters of the lens are still needed, which
increases the number of diagnostic and ordered CLs required for
these patients [11].

This study describe the development of a new web-based
algorithm (called Calculens.com) to select the BOZR, peripheral
geometry and total diameter of the initial diagnostic lens in
keratoconus eyes, which will enable practitioners to decrease the
number of diagnostic and ordered lenses that are required to
complete the final GP lens fitting in keratoconus patients.

2. Materials and methods
2.1. Methods

The study was divided into two phases: a retrospective study to
calculate the new algorithm to select the BOZR, peripheral
geometry and total diameter of the initial diagnostic lens and a
second prospective phase to validate the use of this algorithm in a
different sample of keratoconus patients. All patients enrolled in
the study were attended in the Optometry Group of the IOBA Eye
Institute (University of Valladolid, Spain), which is a tertiary
referral clinic that treats patients with irregular corneas and other
eye disorders. The Human Sciences Ethics Committee of the
University of Valladolid approved the study. Informed consent was
obtained from each subject, and all subjects were treated in
accordance with the Declaration of Helsinki.

A complete eye examination was conducted in all participating
subjects, and the following data were collected: demographic
information; CL information (BOZR, power, diameter, design,
manufacturer) in previous CL wearers; BCVA with spectacles and
CLs; topographic assessment (Orbscan II; Bausch & Lomb,
Rochester, NY, USA, version 3.12; Oculus Keratograph, Oculus
Optikgerdite GmbH, Wetzlar, Germany and Galilei-G4, Ziemer

Group, Port, Switzerland) when available; keratometry (OM-4
Topcon, Japan) and anterior eye biomicroscopy.

Patients with any active ocular-surface disease (except kera-
toconus), medication use that could affect ocular physiology or
with a history of acute corneal hydrops, any type of ocular surgery
or any other ocular disease were excluded. Patients with GP
intolerance, unsatisfactory fitting of GP CLs or toric GP CLs were
also excluded.

2.2. Lens design parameters (retrospective and prospective study
phases)

All keratoconus patients were fitted with spherical tetra-curve
GP CLs that were specifically designed for keratoconus eyes (KAKC
GP, Conoptica-Hecht Contactlinsen, Germany). BOZR, periphery
geometry [available in two geometries: N or normal and F or Flat
(with a peripheral curve 0.60 mm flatter than N design according
manufacturer’s instructions)] and total diameter values were
collected to statistical comparison (in cases fitted with different
lens diameter the equivalent lens was calculated to guarantee
same sagittal height and allow BOZR statistical comparison) [13].

A rotationally symmetric bi-aspheric GP lens design (BIAS-GP;
Conoptica-Hecht Contactlinsen, Germany) was fitted in healthy
eyes in prospective phase.

2.3. Retrospective phase: calculation of the new algorithm to select the
first diagnostic lens parameters

Thirty-five GP lenses that were successfully fitted in kerato-
conus eyes were retrospectively analysed.

The patients’ age, refraction, BCVA with spectacles and CL,
corneal topography data (simulated keratometry, astigmatism
power, axis of astigmatism, eccentricity, maximum corneal power
point, central corneal thickness, anterior best fit sphere and
posterior best fit sphere), manual keratometry readings and the

153 OCULUS - KERATOGRAPH

Fig. 1. Fluorescein pattern (left) of the lens proposal by Calculens.com (BOZR 7.00 mm; Diameter 9.20 mm and peripheral geometry N) in a keratoconus patient. OCULUS
Keratograph anterior corneal topography is showed at right top and Placido image at right bottom. Final fitted GP lens was BOZR 7.00 mm; Diameter 9.20 mm and peripheral
geometry N with a back vertex power of +4.00 D that achieved a visual acuity of 1.0 (6/6).
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definitive parameters of GP lens fitted were collected for statistical
analyses.

2.4. Prospective phase: validation of the new predicting algorithm to
select the first diagnostic lens

A new sample of keratoconus eyes was included in the
prospective clinical validation of the new algorithm.

2.4.1. GP fitting procedure in prospective phase

The first diagnostic lens was calculated using the new algorithm
(developed in the retrospective study phase) and it was inserted
into the patient’s eye, and the lens fitting assessment was
evaluated (static and dynamic fit) after an adaptation period of
approximately 30 min using the instillation of sodium fluorescein
(Fig. 1). An acceptable fit was achieved when a well-centred lens
with adequate movement with blinking provided a correct
fluorescein pattern (divided support or three-point-touch: lightly
touch the apex with peripheral alignment in keratoconus) was
obtained [5]. The BOZR was changed if the BOZR of diagnostic lens
was inadequate. The BOZR of the next diagnostic lens was
decreased in 0.10 mm steps if the BOZR of the lens was flattened

General Info

(apical touch). In contrast, the BOZR of the next diagnostic lens was
increased in 0.10 mm steps if the BOZR was steepened (apical
bearing). Overall CL diameter and peripheral geometry were
modified to improve CL stability and peripheral fluorescein pattern
if was necessary. The number of diagnostic lens was recorded when
an acceptable BOZR was achieved, and over-refraction was
performed to determine the power of the GP lens that provided
the BCVA. The GP lens was ordered from the manufacturer once the
lens parameters were determined (BOZR, diameter, periphery
geometry and power).

The ordered GP lens was provided in the second visit (i.e., the
dispensing visit), and lens fitting visual acuity and patient comfort
were evaluated. Patients were instructed in CL management and
care if the GP fit was optimal, and a follow-up visit was scheduled
after 2-3 weeks of lens wear. However, GP CL specifications (BOZR,
diameter, edge lift and/or power) were modified if the GP fit was
not adequate, and a second GP was ordered. This process was
repeated until the optimal GP CL fit was achieved, and the number
of ordered CL was recorded.

A follow-up visit was conducted after three weeks of CL wear to
assess whether the GP provided a BCVA that was not improvable
with over-refraction, the GP provided at least 6-8 h of comfortable

Calculation of contact lenses for: Right Left * Both eyes
Refraction Keratometry Milimeter (mm) =}
Sph Cyl s VA Axis (K1) K2 Axis (K2) Astig @ Corneal
oD:
0s:
Corneal Topography
Topographer K15im (D) AxisK15im K2S5im (D) AoclsK2Sim Astigmatism Eccentricity
oD: |
os:
Complementary information (only in keratoconus GP fitting)
A al
Maximum corneal power (D) 0 otance Maximum comea Keratoconus stage ISV VA
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Fig. 2. Screenshot of Calculens.com. Refraction, keratometry and corneal diameter are essential to calculate GP CL in keratoconus eyes using Calculens.com. Other fields
improve the GP calculation (i.e. periphery of the lens) but are not mandatory in BOZR calculation.
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wear, and the optimal physiology of corneal surface was obtained
without CL-related complications. The fit was considered accept-
able and finalized if all of these conditions occurred, and the
number of visits was recorded. A new GP was reordered if the GP fit
was inadequate, and a new follow-up visit was scheduled.

A control group formed of healthy eyes (non-keratoconus,
without other eye pathology) was successfully fitted with GP
spherical lenses (BIAS S GP, Conoptica-Hecht Contactlinsen,
Germany) according to manufacturer guidelines to assess differ-
ences between the number of diagnostic lens, ordered lens and
visits that were required to achieve optimal GP lens fit in healthy
and keratoconus eyes.

2.5. Webpage design

In order to work at any place with this new algorithm to
calculate GP CL in keratoconus, we utilized internet-based
technology to facilitate Calculens.com use (www.calculens.com).
HTML (Hypertext Markup Language) was applied to build the basic
structure of web page beside Java Script. This system took the
Apache Tomcat server running on the Java virtual machine (JVM) as
web server. Calculens.com interacts with a MySQL database server,
using Internet as means of transportation through the TCP/IP
protocol. Calculens.com would allow multi-users parallel access at
the same time and at different locations to calculate their GP CL
parameters. Moreover, a Web-based interface allows for a fast and
reliable data entry process (Fig. 2).

2.6. Data analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS,
Chicago, IL, USA) statistical package for Windows. A normal
distribution of variables was assessed using the Kolmogorov-
Smirnov test, and p-values>0.05 indicated that the data were
normally distributed in both phases of the study. Results were
presented as means 4 standard deviation (SD), maximum and
minimum range and median and interquartile range (IQR) when
data follows non-parametric distribution.

The new algorithm (retrospective study phase) was calculated
using a multiple regression analysis (stepwise regression) of all
registered biometric variables and the bidirectional elimination
approach to choose the predictive variables to be included in the
equation that provided the best adjusted R-squared value with the
final fitted BOZR, CL diameter and periphery geometry.

To validate the use of our new algorithm we used patients’ data
in the prospective phase to calculate the BOZR of the first
diagnostic lenses with three different methods: a) with our new
algorithm (calculens.com), b) with the BOZR following current
manufacturer’s guidelines (BOZR = horizontal meridian — 0.1 mm)
and c¢) with the BOZR showed by the APEX software CL fitting
(APEX, version 1.1.0.6, developed by Hecht Contactlinsen in
association with Oculus (Oculus Optikgerite GmbH, Wetzlar,
Germany), [displays a simulated fluorescein pattern of the
specified GP design to aid the fitting procedure and includes the
specific design for keratoconus KAKC lens]). These three values
were compared with the final fitted BOZR in the prospective phase
using a paired t-test (p-values < 0.05 were considered statistically
significant). A linear regression quantified the r? correlation
coefficient between the different calculated BOZRs (p-value < 0.05
was considered statistically significant).

The arithmetic and absolute mean differences between the final
fitted BOZR with the BOZR calculated with the new algorithm, the
BOZR calculated following the manufacturer’s guideline, and
showed by APEX were calculated. The absolute difference was
calculated to avoid the effect of positive and negative differences
that could affect the mean value. An absolute difference was clearly

represented when the BOZR proposed by each method was closer
to the final fitted BOZR.

Agreement between the BOZR of the final fitted GP lens with the
BOZR of the first trial lens calculated by the new algorithm,
manufacturer’s guidelines and APEX software was evaluated using
Bland-Altman analysis [14]. Differences between the BOZRs fitted
and proposed by each method were plotted against the means of
each BOZR. The 95% limits of agreement (LoA) were calculated
(mean of the difference + 1.96 x standard deviation).

The mean values of the diagnostic lenses, ordered lenses and
visits were compared between the control group and keratoconus
eyes using a non-parametric Mann-Whitney U test (p-values
< 0.05 were considered significant).

3. Results
3.1. Retrospective phase: calculation of the new algorithm

Thirty-five keratoconus eyes of twenty-one patients (14 men
and 7 women) with a mean age of 33.8 + 12.8 years (range 18-56
years) were included in the retrospective phase. A new predicting
algorithm was defined (r?=0.825, p<0.001) (Fig. 3). The mean
spherical equivalent refractive error was —5.504+3.60 D (range
—0.75 D to —12.25 D), and the mean of simulated keratometry
reading was 7.07 4+ 0.48 mm. The BCVAs (decimal notation Snellen
chart) with spectacles and CL were 0.60 + 0.28 (median 0.60; IQR
0.40) and 0.90 + 0.22 (median 1.00; IQR 0.23), respectively.

The mean of BOZR fitted was 7.12+0.46 mm (range 5.80-
7.75 mm), the total diameter of 9.20 mm was the most commonly
fitted (in the 68.6% of the fittings) with a range between 8.80 to
9.40 mm; and the standard periphery geometry (N) was fitted in
the 51.4% of the cases.

3.2. Prospective phase: validation of the new algorithm

Fifty new keratoconus eyes of twenty-eight patients (17 men
and 11 women) with a mean age of 35.5 4 10.1 years (range 19-55
years) were enrolled in the clinical validation of the new algorithm.
Three of the initial patients included (6 eyes) were not included in
statistical analyses because they did not achieve a comfortable
wearing of the GP lens. The mean spherical equivalent refractive
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Fig. 3. Single linear regression analysis between the BOZR proposed by the new
predicting algorithm and the final BOZR fitted in the retrospective phase. Regression
equation: BOZR calculated with the new algorithm=1.05 * BOZR fitted — 0.375.
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error was —3.91 +£4.10 D (range 0.25 D to —13.25 D), and the mean
simulated keratometry reading was 7.19 +0.47 mm. The BCVAs
(decimal notation Snellen chart) with spectacles and CL were
0.72 +0.29 (median 0.80; IQR 0.58) and 0.94 4 0.13 (median 1.00;
IQR 0.20), respectively.

The control group included fifty healthy eyes of fifty patients (15
men and 35 women) with a mean age of 29.1 £12.3 years (range
18-49 years). The mean spherical equivalent refractive error was
—4.01 £6.71 D (range +0.25 D to —14.50 D), and the mean
simulated keratometry reading was 7.82 4+ 0.27 mm. The BCVAs
(decimal notation Snellen chart) with spectacles and CL were
0.95 +0.28 (median 1.00; IQR 0) and 1.04 4 0.26 (median 1.00; IQR
0.20), respectively. The mean BOZR fitted was 7.87 4+-0.28 mm and
the 76% of the cases were fitted with total diameter of 9.60 mm.
Control group was younger than keratoconus group but not
statistically significant (p=0.25).

The mean BOZR fitted in keratoconus eyes was 7.21 +0.39 mm
in prospective phase. The total diameter fitted was 9.20 mm in the
76% (range 8.80-9.40mm) of the fittings and the periphery
geometry N was fitted in the 54% of the cases. Table 1 shows the
mean BOZR of the first diagnostic lens proposed by each method. A
statistically significant difference was found in BOZRs between the
first diagnostic lens suggested by Calculens.com, manufacturer’s
guidelines and APEX software (p <0.001). The BOZR of the first
diagnostic lens suggested by the manufacturer’s guidelines and
APEX software revealed a statistically significant difference
compared with the definitive BOZR prescribed (p<0.001).
However, the BOZR proposed by Calculens.com was not signifi-
cantly different (p=0.65) than the BOZR of the final prescribed CL.

The BOZR of first diagnostic lens calculated by the three
methods correlated with the fitted BOZR (Table 1), but the BOZR
calculated with the new algorithm presented the smallest differ-
ences (arithmetic and absolute) with the final BOZR prescribed.

Fig. 4 shows the agreements between the BOZR calculated by
each method with the final BOZR fitted. The LoA were higher using
the manufacturer’s guidelines (—0.31 to +0.55 mm) than the APEX
software (—0.46 to +0.18 mm), and Calculens.com (-0.24 to
+0.22 mm) exhibited the lower LoA.

The difference rate with the final BOZR prescribed was assessed
to facilitate comparisons between the three BOZR calculation
methods (Fig. 5) showed that the BOZR difference was <0.05 mm
in 58% of the eyes using the new algorithm.

The number of diagnostic lenses, ordered lenses and visits
necessaries to complete the GP fitting procedure in keratoconus
and healthy subjects was compared to assess the clinical impact of
the new algorithm to select the initial diagnostic lens. Statistically
different (p=0.02) (but with close values) number of diagnostic

Table 1

lenses were required in both groups. The new algorithm required
between 1 and 4 diagnostic lenses (median 1, IQR 1, mean of
1.6 £ 0.8) before the ordering of the first GP lens [1 diagnostic lens
(54%), 2 diagnostic lenses (34%), 3 diagnostic lenses (10%) and 4
diagnostic lenses (2%)]. The control group required between 1 and
3 diagnostic lenses (median 1, IQR 1, mean 1.3 +0.5) [1 diagnostic
lens (74%), 2 diagnostic lenses (24%) and 3 diagnostic lenses (2%)].

Keratoconus patients required slightly more ordered lenses
(p<0.001) than the control group. Keratoconus eyes required
order between 1 and 3 lenses (median 1, IQR 1, mean 1.4 +0.6) [1
ordered lens (64%), 2 ordered lenses (32%), 3 ordered lenses (4%)].
The reasons for lens reordering included changes in lens power to
improve patients visual acuity and changes in BOZR (4 eyes),
diameter (3 eyes) and peripheral edge lift (1 eye) to improve lens
fitting. Healthy eyes required order between 1 and 2 lenses
(median 1, IQR 0, mean 1.1 £0.3) [1 ordered lens (88%) and 2
ordered lenses (12%)]. Six eyes required the reordering of a second
lens to adjust lens power to improve VA.

The mean of number of visits to achieve lens fitting was also
similar between keratoconus and healthy subjects (p=0.08).
Keratoconus patients required between 3 and 6 visits (median 3,
IQR 1, mean 3.4 + 0.7) and healthy subjects required between 3 and
4 visits (median 3, IQR 0, mean 3.2 +0.4).

4. Discussion

GP contact lens fitting is the first non-surgical option in
keratoconus management [1,2]. However, fitting is challenging
because an increased number of trial lenses and longer practitioner
and patient chair time are required to achieve a final acceptable fit
compared with healthy eyes [7-12].

In this study we have developed a new predicting algorithm
(Calculens.com) to select the BOZR, peripheral geometry and total
diameter of the first diagnostic GP and reduce the complexity of CL
fitting in keratoconus eyes using a specific keratoconus spherical
tetra-curve GP design (KAKC GP, Conoptica-Hecht Contactlinsen).
We included a prospective study fitting new Kkeratoconus eyes
using this new algorithm to provide sound evidence of the clinical
advantages of its use. Statistical or mathematical comparisons with
previous reports were performed to aid eye care practitioners in
the keratoconus fitting procedure [12,15,16]. A comparison of GP
fittings in a healthy group was included to compare the fitting
procedure between keratoconus and healthy eyes. To the best of
our knowledge, this is the first time that these fitting procedures
were compared.

The number of diagnostic lenses that were required to establish
the first ordered lens using the new algorithm in our sample of

Summary of the means and standard deviation (SD) of the CL BOZR proposed by each method. The correlation, arithmetic and absolute means and SD of the BOZR differences
between each method and final BOZR fitted are shown. *Paired T-Test (p < 0.05 statistically significant).

New algorithm Manufacturer’s guidelines

7.21+0.39 (6.2-7.9)

APEX software CL fitting

Mean final BOZR fitted (mm)

Mean BOZR of first diagnostic lens proposed (mm) 7.21+042 7.09 £0.45 7.34+£0.42
(Min-Max) (6.2-8.0) (6.0-7.7) (6.3-8.1)
Correlation between BOZR proposed and final BOZR fitted 2=0.92 ?2=0.76 r2=0.85
p<0.001 p<0.001 p<0.001
*P-Value between BOZR proposed and final BOZR fitted p=0.65 p<0.001 p<0.001

Arithmetic difference between BOZR proposed and final BOZR fitted (mm) —0.01+£0.12 +0.12+0.22 —0.14+£0.16

95%CI 95%CI 95%CI
—0.03 to +0.04 —0.18 to —0.06 +0.09 to +0.18
Absolute difference between BOZR proposed and final BOZR fitted (mm) 0.09 4+ 0.08 0.20+0.14 0.16 +0.14
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patients was small (median 1 lens and mean of 1.6 + 0.8 lenses).
Notably, only a 2% of keratoconus eyes required 4 diagnostic lenses,
and no keratoconus required 5 or more diagnostic lenses. The
number of diagnostic lenses found in our study was lower than
previous reports that used traditional diagnostic lens method
fitting [10,11]. Nosch et al. [7] analysed GP lens fits of the same
manufacturer of our study (Hecht Contactlinsen) in 68 eyes with
irregular corneal surfaces (75% Kkeratoconus eyes) using a
traditional empirical fitting procedure and diagnostic lenses and
concluded that a mean of 3.25+1.70 trial lens were required,
however they used several toric and quadrant-specific back surface
designs. These investigators achieved the fitting procedure using 3
diagnostic lenses or less in 70.7% of eyes [ 7]. Romero-Jiménez, et al.
[11] proposed a standardized method to fit GP lens (Rose K2 design,
Menicon Inc.) in 119 keratoconus eyes using the first definite apical
clearance lens (FDACL) as a starting point to achieve an optimal
lens and compared two different CL fitting techniques (three-
point-touch versus apical touch) to reduce chair time. He find a
mean of 2.3+ 1.7 diagnostic lenses to obtain the FDACL, but
another extra trial lens was necessary to obtain the three-point-
touch (0.10 mm flatter than FDACL) or apical touch (0.30 mm flatter
than FDACL) fittings. Therefore, the Romero-Jiménez et al.
approach requires more diagnostic lenses (3.3 lenses) than our
findings to achieve the three-point-touch fluorescein pattern. Zhou
et al. [10] retrospectively identified keratoconus GP fits in 38
patients using several CL designs (Rose K, McGuire and standard
spherical GP) and find a number of diagnostic lenses (1.8 +0.9)
similar to our results. However, they did not describe the fitting
method that they follow in these patients. In summary, our new
algorithm reduces the number of diagnostic lenses that were
necessary in our sample of keratoconus eyes to a number that is
close to non-keratoconus GP fittings. A statistically significant

Bland-Altman plot showing the agreement between the BOZR proposed by each method and the final BOZR fitted.

difference between the number of diagnostic lenses was found
between keratoconus (median 1, IQR 1) and healthy eyes (median
1, IQR 1), but this difference may be of limited clinical impact
helping to reduce the complexity of GP fitting in keratoconus eyes.

A small number of ordered CLs were necessary to achieve an
optimal fit (median 1, IQR 1, mean 1.4 + 0.6), and a 64% optimal CL
fit rate was found with the first ordered CL. The major reason (20%)
for reordered CLs was a change in the power of the GP. However,
perform the over-refraction is difficult in keratoconus eyes because
of the initial discomfort of the GP CL and the irregular tear
meniscus that forms between the back surface of the GP CL and the
anterior corneal surface. The CL fit rate could increase from 64% to
84% with the first CL ordered if optimal over-refraction is obtained
during the first visit. These results are relatively consistent with
FDACL starting point method fitting [11], which permitted that 77%
of the eyes achieves an optimal lens fit with the first ordered CL
(83% with three- point-touch and 71% with apical touch fitting
approaches). However, we found a lower mean number of ordered
lenses than Zhou [10], who reported that 2.3+1.4 CLs were
required to finalize the fitting procedure in keratoconus eyes. In
summary, our fitting approach may reduce the number of ordered
CLs to a value that was close to healthy GP fitting (median 1, IQR 1,
mean 1.140.3). A statistically significant difference between
healthy and keratoconus eyes was observed (with the same
median value (1 lens) in both groups), but this difference was likely
clinically acceptable.

The number of professional visits required to complete the
fitting using the new algorithm (3.4 4 0.7) was considerably lower
than visits reported by Zhou (5.8 + 1.6 visits) in a retrospective
study [10]. Our results suggest a trend to simplify the fitting
procedure using the new algorithm to calculate the first diagnostic
lens because the number of required visits was similar (P=0.08 and
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Difference between BOZR of first trial
lens calculated and final BOZR fitted

B < 0.05mm
B 0.06-0.10 mm
L 0.11-0.20 mm
B 0.21-0.30 mm
L >0.30 mm

Fig. 5. Difference rates between the BOZR of the first diagnostic lens proposed by
each method with the final BOZR prescribed.

same median value) to visits necessary to GP fitting in our sample
of healthy subjects (3.2 + 0.4, median 3).

The results of Calculens.com suggest a significant improvement
compared to actual manufacturer’s recommendations or APEX
software CL fitting. Calculens.com produced lower differences with
the definitive BOZR fitted in our sample of keratoconus patients.
The lowest modification of GP BOZR is 0.05mm, and the new

predicting algorithm remained less than two BOZR steps (absolute
difference) from the definitive BOZR fitted. However, the APEX
software was three BOZR steps, and the manufacturer’s guidelines
was four BOZR steps from the definitive BOZR fitted in our study.
Notably, the APEX software and manufacturer’s guidelines
produced differences between the proposed and fitted BOZR
greater than 0.30 mm (approximately 20% of studied eyes), but the
new algorithm never produced these values.

This study is not free of limitations. The inclusion of both eyes in
the keratoconus group in both retrospective and prospective
phases could be criticized. However, it is acceptable to include both
eyes in this type of studies because keratoconus is an asymmetric
disease [6-8,11,12] and the fluorescein pattern in one eye could be
different of the fellow eye. Moreover the study design and data
analysis follow the recommendations of Armstrong [17] to
minimize the effect of both eyes inclusion. This study was also
conducted in a single centre (IOBA Eye Institute) and the same CL
practitioners assessed the fluorescein pattern in each patient (of
the first diagnostic lens and of the final fitted lens) when other
different practitioner calculated the first diagnostic lens param-
eters using the new algorithm. So, differences between CL
practitioners could affect to final fluorescein pattern, but the
research team has a wide experience working together, and most of
the patients were co-managed; so they present a shared fitting
philosophy that could minimize the impact of these differences in
the study results. Further clinical research with blind and
multicentre design is necessary to clarify the influence of
practitioners’ expertise in the usefulness of this new algorithm.
A single and specific design of spherical GP lenses was used in each
study group (BIAS in healthy corneas and KAKC in keratoconus
patients), so a translation of these results to other GP CL designs or
toric/quadrant specific designs, manufacturers or fitting philoso-
phies must be interpreted with caution and requires future studies
and research.

5. Conclusions

The selection of the BOZR, peripheral geometry and total
diameter of the first diagnostic lens in keratoconus GP fittings
using our new algorithm (included in Calculens.com) may improve
the results provided by the actual manufacturer’s guidelines and
APEX software CLs fittings. This algorithm may decrease the
number of trial CLs and may reduce practitioner and patient chair
time that is required to achieve a final acceptable fit in keratoconus
eyes using a comparable approach to standard GP fitting in healthy
eyes.
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Introduction

Rigid gas permeable (GP) contact lenses (CL) are the first option in keratoconus patient
management [1-3] because of provide better visual rehabilitation and improve quality of
life of these patients [1-5]. Fitting of GP lenses in keratoconus patients and achieving an
acceptable fit can be considered challenging for eye care practitioners; owing to
keratoconus is a progressive corneal disorder characterized by central and paracentral
corneal steepening, corneal thinning, irregular corneal topography and irregular
astigmatism provoking spectacle visual acuity impairment [1,5,6]. So, this procedure often
requires a long practitioner and patient chair time in order to achieve optimal centration,
minimum impact on ocular surface, best comfort and vision with final GP lens fit [7-10].

Classically, three GP corneal design fitting philosophies for keratoconus have been
described in the literature [11]: steep or apical clearance (lens support or bearing on the
peripheral cornea), flat or apical touch (lens support or bearing on the apex of the cornea),
and three-point-touch or divided support (lens support or bearing is shared between the
apex and the paracentral cornea) being this last philosophy the safest technique of GP
fitting in keratoconus [11].

Nowadays, there are several methods or guidelines to select the parameters of the GP lens
in keratoconus eyes to achieve three-point-touch fitting based on the corneal curvature
values (K readings). Each CL manufacturer provides specific fitting-guideline according
to lens geometry, besides different “CL fitting software programmes” have been proposed
to simplify this procedure [2,12-18]. However, an analysis of the accuracy of most of
these recommendations has not been reported previously to provide evidence based
information that permit improve GP lens fitting in keratoconus eyes.

The aim of this study is to compare the agreement between the back optic zone radius
(BOZR) proposed by different manufacturers’ guidelines, nomograms or CL fitting
software programmes designed to fit spherical GP CL in keratoconus eyes, with the
BOZR final fitted in a sample of keratoconus eyes.

Materials and methods
Fitting Guidelines search

We performed an extensive electronic search of the Medline and PubMed databases,
Google Scholar database, Science Direct database, Cochrane database, metaRegister of
Controlled Trials (mRCT) (www.controlled-trials.com) and ClinicalTrials.gov
(www.clinicaltrials.gov) using individual and combinations of key words (“Keratoconus
contact lenses”, “Keratoconus fitting guideline”, “Keratoconus GP fitting”, “Keratoconus
GP management”) in May 2016 to identify the relevant publications in this field. We did
not use any date or language restrictions in the electronic search. We also included
additional references (from different sources, books, books chapters, manufactures
websites, etc.) that were cited or included in these articles. In total, we identified 10
guidelines or general recommendations to select/calculate the BOZR of the spherical GP
lens to fit in keratoconus eyes. We choose any reference only if they included a clear
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description of the formula to choose or calculate the BOZR of the diagnostic lens to start
with. Case reports were not assessed.

Study population

Clinical records of eighty-one keratoconus eyes of forty-six patients [(25 men and 21
women) with a mean age of 38.6 £ 11.7 years (range 19-66 years)] who were successfully
fitted with spherical GP CLs specifically designed for keratoconus eyes (spherical tetra-
curve; KAKC GP, Conoptica-Hecht Contactlinsen, Germany) were used. All patients were
attended in the Optometry Group of the IOBA Eye Institute (University of Valladolid,
Spain), which is a tertiary referral clinic that treats patients with irregular corneas and
other eye disorders. Three different experienced CL practitioners conduct all GP CL
fitting. The Human Sciences Ethics Committee of the University of Valladolid approved
the study. Informed consent was obtained from each subject, and all subjects were treated
in accordance with the Declaration of Helsinki.

Records of patients with any active ocular-surface disease (except keratoconus),
medication use that could affect ocular physiology or with a history of acute corneal
hydrops, any type of ocular surgery or any other ocular disease were excluded.

The following data were collected for all eyes included in the study: patients’ age,
refraction, best corrected visual acuity (BCVA) with spectacles and with CL, manual
keratometry readings (OM-4 Topcon, Japan), corneal topography data (simulated
keratometry, astigmatism power, axis of astigmatism; achieved with Placido-based
topographer (Oculus Keratograph, Oculus Optikgerate GmbH, Wetzlar, Germany),
Amsler-Krumeich keratoconus severity stage, and definitive BOZR of GP lens fitted.

BOZR GP Fitting Guidelines comparison

Ten guidelines were identified after literature review (Table 1). BOZR following each
spherical GP fitting guideline was calculated and compared with the final BOZR fitted in
each patient’s eye.

Data analysis

Statistical analysis was performed using the SPSS 15.0 (SPSS, Chicago, IL, USA)
statistical package for Windows. A normal distribution of variables was assessed using the
Kolmogorov—Smirnov test, and P-values>0.05 indicated that the data were normally
distributed.

The difference between BOZR proposed by each guidelines and the BOZR final fitted was
calculated using a paired t-test (P-values <0.05 were considered statistically significant). A
linear regression quantified the R? correlation coefficient between the BOZR proposed and
finally fitted (P-value <0.05 was considered statistically significant). The same lens
diameter was maintained to allow comparisons between the BOZR of the fitted lens and
the BOZRs calculated by each guideline.

The arithmetic and absolute mean difference between the BOZR calculated by each
guideline and the BOZR finally fitted were calculated. The absolute difference was
calculated to avoid the effect of positive and negative differences that could affect the
mean value. An absolute difference was clearly represented when the BOZR proposed by
each method was closer to the final fitted BOZR. We calculated a success rate of the GP
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guideline fitting when the difference between the BOZR of the diagnostic lens proposed
with the final BOZR prescribed was <0.05 mm. Also, we calculate this success rate of the
GP qguideline fitting in different keratoconus stage according to Amsler-Krumeich
classification and were compared using a chi-square test (P-value of <0.05 were
considered significant).

Agreement between the BOZR of the final fitted GP lens with the BOZR of the first
diagnostic lens calculated by guidelines was evaluated using Bland-Altman analysis [19].
Differences between the BOZR fitted and proposed by each method were plotted against
the means of each BOZR. The 95% limits of agreement (LoA) were calculated (mean of
the difference + 1.96 x standard deviation). The relationship between mean value (x) and
the difference (y) was determined using linear regression analyses, R? correlation
coefficient was calculated to test-retest reliability (P-values of < 0.05 were considered
statistically significant).

Results

The mean spherical equivalent refractive error was -4.20 + 3.82 D (range 0.25 D to -13.25
D), with a mean keratometry (Kmean) reading of 7.16 £ 0.47 mm. The flattest corneal
curvature (Kf) was 7.43 £ 0.42 mm and the steepest corneal curvature (Ks) was 7.04 £
0.44 mm. The BCVAs with spectacles and CL were 0.67 + 0.29 and 0.96 + 0.15 (Snellen
chart), respectively. According to Amsler-Krumeich classification were included 18 eyes
in stage 1; 35 eyes in stage 2 and 28 eyes in stage 3.

The mean BOZR fitted in keratoconus eyes was 7.19 + 0.38 mm. Table 2 shows the mean
BOZR of the diagnostic lens proposed by each guideline. The BOZR of diagnostic lens
proposed by all guidelines well correlated with the final fitted BOZR (r*>0.71; P<0.01).
However, statistically significant difference was found between the BOZR suggested by
all guidelines analysed with the BOZR prescribed (P<0.05), except in Guidelines #4, #8
and #10 (P>0.11).

The arithmetic and absolute mean difference between the BOZR proposed by each
guideline and BOZR finally fitted (Table 2) revealed the best agreement with Guideline
#10 (0.00 = 0.12 mm and 0.09 £ 0.08 mm, respectively) and the higher difference with
Guideline #5 (-0.38 £ 0.22 mm and 0.39 + 0.21 mm, respectively).

Figure 1 summarized the agreement between the BOZR proposed by each guideline with
the final fitted BOZR being the Guideline #10 which exhibited the lower LoA.

Guideline #10 showed the best successful rate proposing a BOZR with a difference <0.05
mm in 50.6% of cases (Figure 2, Table 2) with lower difference with final BOZR fitted
(no one case with a difference higher or 0.30 mm). Rest of guidelines (except Guideline
#2 and Guideline #8 with a successful rate of 41.3% and 34.6% respectively) showed a
successful rate lower than 30% and Guideline #5 presents a successful rate of 3.8% with a
difference higher of 0.30 mm in more than 60% of cases. According to Amsler-Krumeich
classification the successful rate of GP calculation was better with Guideline #10 in stage
1 (61.1%), Guideline #2 and #10 in stage 2 (40%) and Guideline #10 in stage 3 (57.1%)
(Figure 3). In contrast, the worst results were presented by Guideline #6 (0%) in stage 1,
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Guideline #3 and #5 in stage 2 (8.6%) and Guideline #5 in stage 3 (0%). No statistically
significant difference was found between stages of keratoconus in successful rate with any
guideline (P>0.10), except in Guideline #3 (P<0.01).

Discussion

Keratoconus is a bilateral and asymmetric ectatic condition affecting approximately
1/2000 people in the general population [1,5]. This disease commonly appears during the
second decade of life and puberty and progresses until the fourth decade of life, when it
generally stabilizes.

In the early stages of keratoconus, the refractive error can be managed with spectacles or
soft CL, but when it progress the corneal irregularities induce higher-order aberrations that
cannot be corrected with traditional ophthalmic lenses [1,5]. For this reason, GP CL are
the first option in keratoconus patient management being that supply an adequate visual
correction by providing a smooth optical surface to correct irregular astigmatism.
However, fitting GP CL in keratoconus eyes is considered a challenge because
development of irregular astigmatism increase the number of diagnostic lenses and
practitioner time or patient chair time required to achieve a final acceptable fit compared
with healthy eyes [6,8,9].

Manufacturers of GP lens or recently investigations published in the literature provide
different guidelines to select the BOZR in keratoconus fittings, nevertheless, it is
uncommon that these guidelines include an analysis of their accuracy or precision of the
suggested BOZR. To the best of our knowledge, this is the first report those different
fitting guidelines to select BOZR of GP lens in keratoconus eyes were compared in order
to provide evidence based information of the accuracy of its recommendations.

Guideline #10 (CALCULENS.com) showed better agreement with BOZR final fitted
compared with others guidelines. This open-access website allows the CL parameters
calculation in a simple way with clinical data of keratoconus eyes (corneal keratometry or
topography) and has been clinically validated with a sample of 50 keratoconus eyes,
different of the patients used to its calculation [14]. The BOZR calculated on this website
shows a difference with BOZR final fitted equal or less than 0.05 mm in 50.6% of the
fittings with no one case with differences higher than 0.30 mm. Next, Guideline #2 [13]
used the BOZR proposed by APEX software achieved a successful rate of 41.3% doubling
the APEX software (Guideline #1) successful rate (26.3%). Nevertheless, both guidelines
(#1 and #2) require the use of APEX software CL fitting (Oculus — Hecht Contactlinsen)
and corneal topography achieved with Oculus topographers (Pentacam, Keratograph or
Easygraph) that could be not easy to follow for all CL practitioners and have not been
clinically validated with keratoconus eyes. In contrast Guideline #10 is an open access
website easy to use for any CL practitioner and has been clinically validated [14].

Based on the absolute difference with the final BOZR fitted, Guideline #8 showed a
successful rate of 34.6% of the fittings. Guideline #8 is proposed to fit several GP lenses
design for keratoconus that share the same recommendation to calculate the BOZR of the
first diagnostic lens, with a BOZR halfway between Ks and Kf readings, or Kmean.
Following this recommendation, better results are obtained than other manufacturer
guidelines that propose a starting point with Ks (Guideline #9 with success rate of 28.7%),
based on Km-0.20 (Guideline #6 with success rate of 12.3%), based on Kf-
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(§*Astigmatism) (Guidelines #7 with success rate of 23.7%) or horizontal K-0.10

(Guidelines #3 with success rate of 19.8%). Is important highlighted that no one of these
guidelines provided by manufacturers of GP lens included information about its clinical
validation with keratoconus patients to bring objective and evidence information of their
usefulness.

Other methods to calculate the BOZR of the first diagnostic lens in GP keratoconus fitting
have not been proposed by CL manufactures. The Centre of Contact Lens Research of
University of Waterloo (Canada) published in 2010 the manual book “Correction of
keratoconus with GP lenses” [15] which proposed a brief guideline to select the BOZR in
keratoconus eyes (Guideline #4). This guideline presented low difference between BOZR
suggested and BOZR final fitted (0.14 £ 0.11 mm) with a successful rate of 26.3%. On the
other hand, Rajabi et al. [12] proposed in 2011 a new predicting formula to calculate the
BOZR based on manual keratometry (Guideline #5). This predicting formula was
calculated retrospectively after 400 GP CL fitting assessment, in keratoconus eyes.
Although Guideline #5 was calculated with a great keratoconus sample, their BOZR
proposed are very far to BOZR final fitted (0.39 £ 0.21 mm) and only 3.8% of the fittings
achieve a successful rate. To the best of our knowledge, these formulas were not validated
with a new sample of keratoconus eyes to double-check their precision.

Evaluation of fluorescein pattern in keratoconus GP fittings requires experience, practice
and knowledge of CL design parameters by practitioners [20]. It is generally accepted that
three-point-touch, provides acceptable vision and is the safest technique to fit in
keratoconic eyes [11,21]. There is evidence that apical touch induced by too flat BOZR
may cause staining or scarring [11]. On the other hand, excessive apical clearance (too
steep BOZR) could be interfere with comfort and acuity due to bubbles may be trapped in
the optic zone area [11].

The Collaborative Longitudinal Evaluation of Keratoconus (CLEK) study describe the
concept of the First Definite Apical Clearance Lens (FDACL) as the flattest lens that
shows an apical clearance fluorescein pattern in keratoconus developing an standardized
protocol to fit GP lenses in keratoconus [22]. In CLEK study the initial BOZR matched
the steeper keratometry reading (Guideline #9), and adjusted flatter or steeper until the
FDACL was reached. The use of FDACL was a valid and reliable standardized method to
GP CL and monitoring the disease progression [23]. However, requires practice and long
practitioner time to archive FDACL due that the starting point (Guideline #9) shows wide
limits of agreement range (0.87 mm) and provided a successful rate less than 30%.

Other guidelines or protocols to fit GP CL in keratoconus have been proposed and could
not be analyzed due to the nature of our study. Romero-Jiménez, et al. [21] follow the
CLEK study standardized method to fit GP lens (Rose K2 design, Menicon Inc.) in 119
keratoconus eyes using the FDACL as a starting point to achieve an optimal lens and
compared two different CL fitting techniques (three-point-touch versus apical touch) with
BOZR 0.10 mm and 0.40 mm flatter than FDACL. Following this protocol, 77% of the
eyes achieved an optimal lens fit with the first lens ordered (83% with three- point-touch
and 71% with apical touch fitting approaches). However, no comparison of the BOZR of
the first diagnostic lens were conducted, but 2.3 = 1.7 diagnostic lenses were necessaries
to obtain the FDACL, with another extra trial lens to obtain the three-point-touch (0.10
mm flatter than FDACL) or apical touch (0.40 mm flatter than FDACL).
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Mandathara et al. [24] proposed a formula to calculate the BOZR in keratoconus using the
software FITSCAN (Orbscan 1l topography) [BOZR = (BOZR suggested by FITSCAN
(mm) x 0.86563) + 0.78738]. Nevertheless, this study has not been clinically validated and
it is conditioned to use specific corneal topographer (Orbscan) and software, so it is not
possible included in our study.

Our study presents different limitations. Firstly, it is not a clinical study when different
patients will be fitted using different guidelines in random and masked way. Because
conduct this clinical research could be expensive and require a long sample of keratoconus
we conduct a comparison of the BOZR calculated by different guidelines proposed to fit
GP lens specifically designed to keratoconus eyes. This approach could provide relevant
information to eye care and CL practitioners who fit GP lens in keratoconus patients to
improve choosing of the BOZR of the first diagnostic lens. Moreover, the use of a single
design of spherical keratoconus GP CL could influence in the fitted BOZR because
different philosophies of fitting GP in keratoconus exist, making difficult found definitive
end point of the GP fitted. So, small variation in final BOZR would be clinically accepted
and practitioner practice and expertise should be necessary. However, this study
demonstrated a lack of evidence to support some of the guidelines recommended by
manufacturers or some research reports. In fact, just Guideline #10 has been clinically
calculated and posteriorly validated with a new sample of keratoconus patients [14] and
the comparison with final BOZR fitted shows better agreement and best successful rate
that all compared guidelines. These results will be of great interest to help CL practitioners
to reduce chair time and the number of trial lenses; providing best vision rehabilitation to
keratoconus patients, improving their vision and quality of life [14].

Conclusions

Several guidelines have been proposed to choose the BOZR of the first diagnostic lens to
fit in keratoconus eyes with a lack in clinical validation of their recommendations. The
selection of the BOZR of the first diagnostic lens with CALCULENS.com provides better
start point to GP CL fitting in keratoconus than other methods or guidelines assessed;
showing a difference <0.05 mm with final BOZR in 50.6% of patients. This study
provides evidence-based information to CL practitioners who fit or prescribe GP lens in
keratoconus patients.

Figure Legends

Figure 1. Bland-Altman plot showing the agreement between the BOZR proposed by each
guideline and the final BOZR fitted. Guideline #1 Limits of agreement (LoA) from -0.42
to 0.13 (R%0.01 P=0.50); Guideline #2 LoA from -0.3 to 0.24 (R®=0.07 P=0.02);
Guideline #3 LoA from -0.36 to 0.65 (R?=0.17 P=<0.01); Guideline #4 LoA from -0.31 to
0.37 (R?=0.03 P=0.12); Guideline #5 LoA from -0.82 to 0.05 (R*=0.51 P<0.01); Guideline
#6 LoA from -0.12 to 0.58 (R?*=0.25 P=<0.01); Guideline #7 LoA from -0.51 to 0.28
(R?=0.03 P=0.15); Guideline #8 LoA from -0.32 to 0.38 (R*=0.25 P<0.01); Guideline #9
LoA from -0.29 to 0.58 (R*=0.07 P=0.02) and Guideline #10 LoA from -0.23 to 0.23
(R?=0.03 P=0.12).
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Figure 2. Cumulative percentage of differences between the BOZR proposed by each
guideline and the final BOZR fitted.

Figure 3. Success rate of the GP guideline fitting (difference between the BOZR of the
diagnostic lens proposed with the final BOZR prescribed was <0.05 mm) according to
Amsler-Krumeich classification.



298

299
300
301

302
303

304
305
306

307
308
309

310
311

312
313

314
315

316
317
318

319
320
321

322
323

324
325

326
327
328
329

330
331
332

333
334
335

336
337

338
339
340

References

[1] M. Barnett, M.J. Mannis, Contact lenses in the management of keratoconus,
Cornea. 30 (2011) 1510-6.

[2] L.E. Downie, R.G. Lindsay, Contact lens management of keratoconus, Clin. Exp.
Optom. 98 (2015) 299-311.

[3] American Optometric Association. Optometric Clinical Practice Guideline: Care of
the Contact Lens Patient. 2006. http:// http://www.aoa.org/documents/optometrists/CPG-
19.pdf. [accessed 4.11.16].

[4] S. Ortiz-Toquero, S. Perez, G. Rodriguez, A. Mayo-Iscar, R. Martin, The influence
of the refractive correction on the vision-related quality of life in keratoconus patients,
Qual. Life Res. 25 (2016) 1043-51.

[5] M. Romero-Jiménez, J. Santodomingo-Rubido, J.S. Wolffsohn, Keratoconus: a
review, Cont. Lens Anterior Eye. 33 (2010) 157-66.

[6] L. Sorbara, K. Mueller, Effect of lens diameter on lens performance and initial
comfort of two types of GP lenses for keratoconus: a pilot study, J. Optom. 4 (2011) 22-9.

[7] A.J. Zhou, K. Kitamura, B.A. Weissman, Contact lens care in keratoconus, Cont.
Lens Anterior Eye. 4 (2003) 171-4.

[8] D.S. Nosch, G.L. Ong, I. Mavrikakis, J. Morris, The application of a computerised
videokeratography (CVK) based contact lens fitting software programme on irregularly
shaped corneal surfaces, Cont. Lens Anterior Eye. 30 (2007) 239-48.

[9] M. Nejabat, M.R. Khalili, C. Dehghani, Cone location and correction of
keratoconus with rigid gas-permeable contact lenses, Cont. Lens Anterior Eye. 35 (2012)
17-21.

[10] L. Sorbara, K. Dalton, The use of video-keratoscopy in predicting contact lens
parameters for keratoconic fitting, Cont. Lens Anterior Eye. 33 (2010) 112-8.

[11] K.K Leung, GP fitting philosophies for keratoconus, Clin. Exp. Optom. 82 (1999)
230-5.

[12] M.T. Rajabi, Z. Mohajernezhad-Fard, S.K. Naseri, F. Jafari, A. Doostdar, P.
Zarrinbakhsh, M.B. Rajabi, S. Kohansal, Rigid contact lens fitting based on keratometry
readings in keratoconus patients: predicting algorithm, Int. J. Ophthalmol. 4 (2011) 525
8.13.

[13] S. Ortiz-Toquero, G. Rodriguez, V. de Juan, R Martin, Rigid gas permeable
contact lens fitting using new software in keratoconus eyes, Optom. Vis. Sci. 93 (2016)
286-92.

[14] S. Ortiz-Toquero, G. Rodriguez, V. de Juan, R Martin, New web-based algorithm
to improve rigid gas permeable contact lens fitting in keratoconus, Cont. Lens Anterior
Eye. (2016) In press.

[15] L. Sorbara, C. Woods, A. Sivak A, Boshart B, Correction of keratoconus with GP
lenses, first ed., Bausch and Lomb, Waterloo, 2010.

[16] L.B. Szczotka, D.M. Capretta, J.H. Lass, Clinical evaluation of a computerized
topography software method for fitting rigid gas permeable contact lenses, CLAO J. 20
(1994) 231-6.



341
342
343

344
345

346
347

348
349
350
351

352
353
354
355

356
357
358

359
360
361
362
363

364
365
366

[17] N.S. Bhatoa, S. Hau, D.P. Ehrlich, A comparison of a topography-based rigid gas
permeable contact lens design with a conventionally fitted lens in patients with
keratoconus, Cont. Lens Anterior Eye. 33 (2010) 128-35.

[18] K. Zadnik, J.T. Barr, Contact lens practice, Butterworths Heinemann, London,
2002, pp. 301-12.

[19] J.M. Bland, D.G. Altman, Statistical methods for assessing agreement between two
methods of clinical measurement, Lancet. 1 (1986) 3.

[20] B.A. Fink, J.T. Barr, T.B. Edrington, G.E. Pierce, K.B. Schechtman, M.J. Rah, R.
Flom, K. Zadnik, CLEK Study Group, Collaborative Longitudinal Evaluation of
Keratoconus, A comparison of two methods of evaluating cornea-to-contact lens base
curve fluorescein patterns in keratoconus, Optom. Vis. Sci. 78 (2001) 589-98.

[21] M. Romero-Jiménez, J. Santodomingo-Rubido, J.M. Gonzalez-Méijome, An
assessment of the optimal lens fit rate in keratoconus subjects using three-point-touch and
apical touch fitting approaches with the Rose K2 lens, Eye Contact. Lens. 39 (2013) 269-
72.

[22] T.B. Edrington, J.T. Barr, K. Zadnik, L.J. Davis, R.E. Gundel, D.P. Libassi DP,
T.T. McMahon, M.O. Gordon, Standardized rigid contact lens fitting protocol for
keratoconus, Optom. Vis. Sci. 73 (1996) 369-75.

[23] T.B. Edrington, L.B. Szczotka, C.G. Begley, D.S. Burger, B.S. Wilson, J.T. Barr,
K. Zadnik, M.O. Gordon, Repeatability and agreement of two corneal-curvature
assessments in keratoconus: keratometry and the first definite apical clearance lens
(FDACL). CLEK Study Group. Collaborative Longitudinal Evaluation of Keratoconus,
Cornea. 17 (1998) 267-77.

[24] P.S. Mandathara, M. Fatima, S. Taureen, S. Dumpati, M.H. Ali, V. Rathi, GP
contact lens fitting in keratoconus using FITSCAN technology, Cont. Lens Anterior Eye.
36 (2013) 126-9.



Table 1

Guideline Description

Guideline #1 Suggested by the APEX software CL fitting (APEX, version 1.1.0.6, developed
by Hecht Contactlinsen in association with Oculus, which displays a simulated
fluorescein pattern of the specified GP design to aid the fitting procedure).

Guideline #2 BOZR = (BOZRapex*0.88)+0.77
Improvement of BOZR proposed by APEX software CL fitting.*®

Guideline #3 BOZR = Horizontal K (mm) —0.10
Recommended by Conoptica-Hecht Contactlinsen, (Germany) to fit KAKC
lens.

Guideline #4 If corneal astigmatism < -3.75 D: BOZR = Kf (D) — 0.61 x Astigmatism
If corneal astigmatism -4.00 to -7.50 D: BOZR = Kf (D) — 0.50 x Astigmatism
If corneal astigmatism > -7.50 D: BOZR = Kf (D) — 0.35 x Astigmatism
*Calculated to diameter of 9.40 mm
Proposed by Centre of Contact Lens Research (University of Waterloo,
Canada).”

Guideline #5 If Kf <7.00 mm: BOZR = 0.211*Kf (mm) + 5.904
If Kf 7 to 8 mm: BOZR = 0.465*Kf (mm) + 4.16
Recommended by Rajabi MT et al.*

Guideline #6 BOZR = Km (mm) - 0.20
Recommended to fit RoseK2 GP lens (Menicon, Co., Ltd.)*

Guideline #7 BOZR = Kf (mm) — [%astigmatism (mm)]
Proposed by Bausch & Lomb to fit their keratoconus lens design or OP8 GP
lens (Soflex, Israel).

Guideline #8 BOZR = Kmean (mm)
Recommended to fit ACL KERA lens (Australian Contact Lenses, Australia),
FlexCone (SwissLens, Switzerland), Keracon (Gelflex, Australia), McGuire
lens (Ultravision, United Kingdom) and Nissel K2 lens (Cantor+Nissel, United
Kingdom).'®

Guideline #9 BOZR = Ks (mm)
Proposed to fit Comfort Kone lens (MetroOptics, USA) or iKone lens (Valley
Contax, USA).

Guideline #10 Calculens.com

Algorithm developed by our research group.**

Table 1. Description of guidelines used in the study. Kmean = Mean corneal curvature;
Kf = Flattest corneal meridian; Ks = Steepest corneal meridian




Table 2

. Mean Absolute
Correlation dif diff
Guideline between tl) erence tl) erence Successful
N =81 BOZR BOZR etween etween Rate**
roposed proposed and prOposed and prop(_)sed 95% CI
P BOZR fitted fitted BOZR and fitted (95% CI)
(mm)* BOZR (mm)
R%=0.869 _ 26.3%
Guideline #1 | 7.34+0.39 014014 | 4164012 °
(P<0.01) (P<0.01) (16.5 to 36.0 %)
R%=0.869 _ 41.3%
Guideline #2 | 7.23+0.34 0.08£0.14 | 15,010 °
(P<0.01) (P=0.04) (30.4 t0 52.1 %)
R%=0.719 19.8%
Guideline #3 |  7.05 +0.48 *015%0.26 | 55,9138 °
(P<0.01) (P<0.01) (11.0 to 28.5 %)
R?=0.822 26.3%
Guideline #4 | 7.16 + 0.40 ¥0.032017 1 4444011 °
(P<0.01) (P=0.11) (16.5 to 36.0%)
R%=0.714 _ 3.8%
Guideline #5 | 7.58 +0.23 0.382022 | 49,4021 °
(P<0.01) (P<0.01) (0.2 to 9.7%)
R?=0.870 12.3%
Guideline #6 | 6.96 + 0.47 023018 | 1,1 016 °
(P<0.01) (P<0.01) (5.1 to 19.6%)
R%=0.765 _ 23.4%
Guideline #7 | 7.31+0.41 0112020 | 464016 °
(P<0.01) (P<0.01) (15.2 to 34.1%)
R%=0.870 34.6%
Guideline #8 | 7.16 +0.47 t003£018 | 515,019 °
(P<0.01) (P=0.15) (24.1 to 45.0%)
R%=0.740 29.6%
Guideline #9 | 7.04 + 0.44 *015%0.22 | 551018 °
(P<0.01) (P<0.01) (19.6 to 39.6%)
ideli R%=0.912 50.6%
Guideline | 5191 940 0.00£0.12 1 5 )9 4 008 °
#10 (P<0.01) (P=0.95) (39.7 to 61.6%)

Table 2. Summary of the means and standard deviation (SD) of the BOZR proposed by
each guideline. The correlation, arithmetic and absolute means and SD of the BOZR
differences between each guideline and BOZR fitted are shown.

*Paired T-Test (P<0.05 statistically significant). ** Percentage of cases with a
difference <0.05 mm with definitive BOZR fitted.
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7.1. Introduction

GP CLs are the first option in keratoconus management and present the
best option for visual rehabilitation and improve quality of life of these
patients.” & 18 62 6569 However, GP CLs fitting in keratoconic patients and
achieving an acceptable fitting are considered a challenge by eye care
practitioners, requiring more trial lenses than standard GP fitting, due to
central and paracentral corneal steepening, corneal thinning, and irregular
astigmatism,'’:18.20:21.62.65.67 Thys, this procedure often requires longer chair
time in order to achieve optimal centration, minimum impact on ocular

surface, best comfort and vision with final GP CLs fitting.

Clinical Practice Guidelines (CPGs) are defined as systematically developed
statements to assist practitioners and patient decisions about appropriate
health care for specific circumstances."® In our knowledge, there are no
previous evidence-based CPGs which contain recommendations for the
choice and calculation of the parameters of the first diagnostic corneal GP
CLs for keratoconic patients; for the assessment and management fitting
procedures following a standardized schedule, defining the visits required

to achieve an optimal GP fitting.

International recognized standards have been developed to assess the
quality of CPGs and to guarantee the rigorous development of CPGs. For
example, the AGREE Il (The Appraisal of Guidelines for Research and
Evaluation) instrument is a tool, specifically developed for quality

105

assessment of guidelines.'® It was also used for the appraisal of the World

Health Organization guidelines, between others."’
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The aim of this study was to develop and evaluate an evidence-based CPG,
according to AGREE Il instrument, to fit corneal GP CLs in keratoconic
patients whilst reducing the patient and practitioner chair time and
ensuring a safe fitting procedure that provides better visual rehabilitation

of these patients.

7.2. Methods

An extensive search of the Medline and PubMed database, Google Scholar
database, Science Direct database, Cochrane database, metaRegister of
Controlled Trials (mRCT) (www.controlled-trials.com) and ClinicalTrials.gov
(www.clinicaltrials.gov) using individual and combinations of key words
(“Keratoconus contact lenses”, “Keratoconus fitting guideline”,
“Keratoconus gas permeable fitting”, “Keratoconus gas permeable
management”) from 1990 to 2016 to identify the relevant publications in
this field was performed to develop the CPG to fit corneal GP CLs in
keratoconic eyes. It also included additional references (from different
sources, books, books chapters, manufactures websites, etc.) that were
cited or included in these articles with these inclusion and exclusion

criteria:

e Inclusion criteria: These guidelines include recommendations to fit
corneal gas permeable contact lens in keratoconus patients. English
and Spanish results were collected.

e Exclusion criteria: Recommendations to fit soft CL, piggy-back,
corneo-scleral, semi-scleral, mini-scleral, scleral or hybrid CL designs

were excluded. Case reports were not assessed.
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The quality of CPG was assessed by eight external appraisers with wide
experience in GP CL fitting in keratoconus following the AGREE Il
instrument requirements.'® It contains three items grouped into six quality
domains followed by two overall assessment items: Domain 1 ‘Scope and
Purpose’; Domain 2 ‘Stakeholder Involvement; Domain 3 ‘Rigour of
Development’; Domain 4 ‘Clarity and Presentation; Domain 5

‘Applicability and Domain 6 ‘Editorial Independence’(Table 1).

A seven-point Likert scale (ranged between score 7 for strongly agree to
score 1 for strongly disagree) is used to score each domain item. The
overall assessment includes two items: the rating of the overall quality of
the guideline (with a scale ranging from 7 for higher possible quality to 1
for lower possible quality) and a recommendation is made for the use of

this guideline (yes; yes, with modifications; no).
Data analysis

Statistical analysis was performed using SPSS for Windows software
(version 15.0, SPSS, Inc.) and Microsoft Excel (2010) spreadsheet. A quality
score is calculated for each of the six AGREE Il domains. The six domain
scores are independent and should not be aggregated into a single quality
score. Domain scores are calculated by summing up all the scores of the
individual items in a domain and by scaling the total as a percentage of the
maximum possible score for that domain according to the AGREE |l manual
[(Obtained score — Minimum possible score) / (Maximum possible score —

Minimum possible score) * 100].'%°
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Domain 1: Scope and purpose

1. The overall objective(s) of the guideline is (are) specifically described.

2. The health question(s) covered by the guideline is (are) specifically described.

3. The population (patients, public, etc.) to whom the guideline is meant to apply
is specifically described.

Domain 2: Stakeholder involvement

4. The guideline development group includes individuals from all relevant
professional groups.

5. Theviews and preferences of the target population (patients, public, etc)
have been sought.

6. The target users of the guideline are clearly defined.

Domain 3: Rigour of development

7. Systematic methods were used to search for evidence.

8. The criteria for selecting the evidence are clearly described.

9. The strengths and limitations of the body of evidence are clearly described.

10. The methods for formulating the recommendations are clearly described.

11. The health benefits, side effects and risks have been considered in formulating
the recommendations.

12. There is an explicit link between the recommendations and the supporting
evidence.

13. The guideline has been externally reviewed by experts prior to this publication.

14. A procedure for updating the guideline is provided.

Domain 4: Clarity of presentation

15. The recommendations are specific and unambiguous.

16. The different options for management of the condition or health issues are
clearly presented.

17. Key recommendations are easily identifiable.

Domain 5: Applicability

18. The guideline describes facilitators and barriers to its application.

19. The guideline provides advice and/or tools on how the recommendations
can be put into practice.

20. The potential resource implications of applying the recommendations
have been considered.

21. The guideline presents monitoring and/or auditing criteria.

Domain 6: Editorial independence

22. The views of the funding body have not influenced the content of the guideline.
23. Competing interests of guideline development group members have been
recorded and addressed.

Overall assessment

Judgement as to the quality of the guideline, taking into account the criteria
considered in the assessment process.
Provide a recommendation for use of the guideline.

Table 1. Appraisal of Guidelines for Research and Evaluation Il domains and items.
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7.3. Results

The developed CPG to fit corneal GP CLs in keratoconic eyes is presented

in Appendix 1.

AGREE Il domain scores across the eight appraisers are shown in Figure 1.
This CPG has achieved satisfactory results in all domains evaluated with the
Agree Il Instrument: 89% in ‘Scope and Purpose’ (88.88 = 14.70% mean;
91.50% median and 100.00% mode); 74% in 'Stakeholder Involvement
(73.63 = 12.42% mean; 69.50% median and 61.00% mode); 84% in ‘Rigour
of Development’ (83.75 + 11.49% mean; 86.50% median and 63.00%
mode); 89% in ‘Clarity and Presentation’ (88.75 = 6.02% mean; 89.00%
median and 83.00% mode); 72% in ‘Applicability’ (72.38 + 22.58% mean;
79.00% median and 58.00% mode) and 88% in ‘Editorial Independence’
(87.50 = 35.35% mean; 100.00% median and 100.00% mode). The overall
guideline assessment obtained 85% of quality (85.42 + 10.68% mean;
83.33% median and 83.00% mode). Finally, 100% of the experts would

recommend this guideline for use (60% with modifications).
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Figure 1. AGREE Il domain scores across the eight appraisers.
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7.4. Discussion

This is the first evidence-based CPG to fit GP CLs in keratoconic eyes
including the appropriate eye-examination, fitting procedure and CL
assessment procedures. Although the domain scores are useful for
recommend the use of CPG in the clinical practice, the Consortium of
AGREE Il has not set minimum domain scores or cut-off values domains to
differentiate between high quality and poor quality CPG.'® Several authors
‘recommend for immediate use’ any CPG if more than half of the domains
have an overall domain score of more than 60%. However, this
recommendation change to ‘recommended with modifications’ if most
domain scores are higher than 30%, and finally if most domain scores are

below 30%, the guideline is ‘not recommended for use’.''®

These results obtained after eight experts appraised the developed CPG
shows an overall domain score higher of 70%, so this CPG could be
strongly recommended for the management of patients with keratoconus
with corneal GP CLs. This CPG could reduce practitioner and patient chair

time that is required to achieve a final acceptable fit in keratoconus eyes.

7.5. Conclusion

The CPG developed in this study describes the fitting process of corneal GP
CLs in keratoconus eyes, including three different visits (diagnostic visit,
dispensing visit and prescribing visit) supported by an online tool to
calculate the first diagnostic GP CLs parameters (Calculens.com). Following

this CPG, a minimum of three visits, one diagnostic and one ordered lens
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should be all that is necessary to complete corneal GP fitting in

keratoconus eyes.
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7.7. Appendix 1

CPG developed and assessed in this chapter.
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Key to evidence statements and recommendations

Preferred practice patterns provide guidance for the pattern of practice, not for the care of a
particular individual." Different levels of evidence have been proposed [a scale based on the
Scottish Intercollegiate Guideline Network (SIGN)]® to allow for the recommendations, made
throughout the guidelines, to be graded as defined by Grading of Recommendations
Assessment, Development and Evaluation (GRADE).>’” Some recommendations can be made
with more certainty than others. The wording used in the recommendations in these
guidelines denotes the certainty with which the recommendation is made (the ‘strength’ of
the recommendation). The ‘strength’ of a recommendation takes into account the quality
(level) of the evidence. Although higher-quality evidence is more likely to be associated with
strong recommendations than lower-quality evidence, a particular level of quality does not

automatically lead to a particular strength of recommendation.

Levels of evidence

Level Type of Evidence

[ High-quality meta-analyses, systematic reviews of randomized controlled trials
(RCTs), or RCTs with a very low risk of bias

bias
I Meta-analyses, systematic reviews of RCTs, or RCTs with a high risk of bias

High-quality systematic reviews of case-control or cohort studies

Well-conducted meta-analyses, systematic reviews of RCTs, or RCTs with a low risk of

n High-quality case-control or cohort studies with a very low risk of confounding or bias

and a high probability that the relationship is causal

n . . .
and a moderate probability that the relationship is causal

Case-control or cohort studies with a high risk of confounding or bias and a
significant risk that the relationship is not causal

1l Non-analytic studies (e.g., case reports, case series)

experiences of respected authorities

Well-conducted case-control or cohort studies with a low risk of confounding or bias

Evidence obtained from expert committee reports or experts” opinion and/or clinical
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Grades of Recommendations

Good Quality (GQ)

Moderate Quality (MQ)

Insufficient Quality (1Q)