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La presente tesis doctoral ha sido estructurada siguiendo la normativa para las tesis por
compendio de publicaciones con mencion internacional. Los articulos incluidos en la tesis

pertenecen a la misma linea de investigacion y han sido publicados previamente.

A continuacion, se detallan los cuatro articulos que constituyen el cuerpo de la tesis:

1. Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes Ml,
Bambo MP, Pablo LE, Satue M. Visual dysfunction and its correlation with
retinal changes in patients with Alzheimer’s disease. Eye (Lond) 2017 (en

prensa).

2. Polo V, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes M,
Larrosa JM, Pablo LE, Garcia-Martin E. Visual dysfunction and its
correlation with retinal changes in patients with Parkinson’s disease: an

observational cross-sectional study. BMJ Open 2016;6:e009658.

3. Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes Ml, Ara JR, Martin J,
Polo V, Larrosa JM, Pablo L, Garcia-Martin E. Relationship between visual
dysfunction and retinal changes in patients with multiple sclerosis. PL0S

ONE 2016;11(6):e0157293.

4. Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes MlI, Vilades E, Gracia H, Ara
JR, Alarcia R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E. Optical
coherence tomography as a biomarker for diagnosis, progression, and
prognosis of neurodegenerative diseases. J Ophthalmol. 2016;2016:8503859.
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1.ABREVIATURAS

-AV: Agudeza visual.

-VA: Visual Acuity.

-EA: Enfermedad de Alzheimer.

-AD: Alzheimer’s Disease.

-EP: Enfermedad de Parkinson.

-PD: Parkinson’s Disease.

-EM: Esclerosis Multiple.

-MS: Multiple Sclerosis.

-OCT: Tomografia de Coherencia Optica // Optic Coherence Tomography.
-CFNR: Capa de Fibras Nerviosas de la Retina.
-RNFL: Retina Nerve Fiber Layer.

-CCG: Capa de Células Ganglionares.

-GCL: Ganglion Cell Layer.

-MAVC: Mejor Agudeza Visual Corregida.

-DSM-IV: Manual diagndstico y estadistico de los desdrdenes mentales 42 edicion //

Diagnostic and Statistical manual of Mental Disorders 4th edition.

-MMSE: Mini examen del estado mental // Mini Mental State Examination.



-ETDRS: Estudio del tratamiento precoz de la retinopatia diabética // Early Treatment

Diabetic Retinopathy Study.

-EDSS: Escala ampliada del estado de discapacidad // Expanded Disability Status

Scale.

-UPDRS: Escala unificada de clasificacion de la enfermedad de Parkinson // Unified

Parkinson Disease Rating Scale.
-C-Index: indice de confusion // Confusion Index.
-CClI: Indice de confusion del color // Color Confusion Index.

-AC CCI: indice de confusion del color corregido por edad // Age Corrected Color

Confusion Index.

-Conf angle: Angulo de confusion // Confusion angle.
-S-index: indice de dispersion // Scatter index.

-CSV: Contrast Sensitivity vision.

-SC: Sensibilidad al contraste.

-HD: Alta definicién // High Definition.

-PEV: Potenciales Evocados Visuales.

-GCIPL: Capa plexiforme interna células ganglionares // Ganglion cell Inner

Plexiform Layer.

-CSF: Funcion de sensibilidad al contraste.
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2. APARTADO INTERNACIONAL: SUMMARY OF THE THESIS

The main purpose of the four international publications that compose this
doctoral thesis is the study of the structural parameters (macular, retinal nerve fiber
layer [RNFL], and ganglion cell layer [GCL] thicknesses), and the functional
parameters (visual acuity [VA], contrast sensitivity vision [CSV] and color perception)
of the retina and optic nerve, in patients with three neurodegenerative diseases:

Alzheimer’s disease (AD), Parkinson’s disease (PD) and Multiple Sclerosis (MS).

All these neurodegenerative diseases are characterized by neuronal death (by
amyloid deposits in AD, by alteration in dopaminergic circuits in PD or by immune-
mediated in MS), clinical symptoms and functional disability, as a consequence of the
neuronal damage. We postulate that the neuronal degeneration cause RNFL thinning

and reduction in visual function.

The retina is a part of the central nervous system that is easily accessible to
clinical examination. The RNFL comprises mainly nonmyelinated axons of retinal
ganglion cells, so thickness measurements of the different retinal layers may provide a
relatively direct assessment of the axons and neural damage. Large scientific evidence
already demonstrated retinal thinning (macular and RNFL), examined with the optic
coherence tomography (OCT) technology, in AD, PD and MS; and this retinal thinning
was correlated with progression and even with worse quality of life. The newest OCT
software provides measurements of the ganglion cell layer, where parvocellular,
magnocellular and koniocellular ganglion cells are located. These specialized cells are
responsible of identifying color and spatial contrast at different frequencies, therefore
general loss of these retinal cells is likely to be an important contributory mechanism
for visual impairment.

11



Vision has a high impact on quality of life of people. Visual function evaluation
using visual acuity (ETDRS charts at 100%, 2.5%, 1.25%), contrast sensitivity (CSV
1000-E and Pelli-Robson charts) and chromatic vision (Farnsworth-Munsell D15 and
L’ Anthony D15 tests), can help us to a better understanding of the visual impairment in
patients with AD, PD and MS. It is already known that these diseases have visual
function alterations such as difficulty in face recognition, reading and/or driving, related
to contrast sensitivity; as well as acquired alterations in color vision because of macular
or optic nerve pathologies, as it happens in optic neuritis in patients with MS. These
disturbances were initially attributed to cortical causes, but alterations in the anterior
visual pathway, as decreased retinal thickness due to neuronal death (secondary to
amyloid deposition in AD or a-synuclein in PD) have recently been suggested.
Ganglion cells death is postulated to be responsible for the alterations in contrast
sensitivity and color from the earliest stages, even before the detection of decreased

RNFL of the optic nerve and especially of the papillary pallor.

The articles published in this doctoral thesis showed that visual function
parameters are altered and that correlate with structural parameters, even at early stages.
These results suggest that visual function analysis could be considered as a biomarker

for the neurodegenerative diseases: AD, PD, and MS.

Below includes a brief presentation of each international article and its thematic

unity is justified:
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1. Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes Ml,
Bambo MP, Pablo LE, Satue M. Visual dysfunction and its correlation
with retinal changes in patients with Alzheimer’s disease. Eye (Lond)

2017 (in press).

Twenty-four mild-moderate AD patients and 24 age and sex-matched healthy
subjects were included in this prospective cross-sectional study. The aim was to
evaluate visual dysfunction and its correlation with retinal structural changes in patients

with AD.

The following functional parameters were analyzed: VA was evaluated with Early
Treatment Diabetic Retinopathy Study (ETDRS) charts at high (100%) and low (2.5%
and 1.25%) contrast levels, contrast sensitivity was evaluated using CSV 1000-E and
Pelli-Robson charts and color vision was evaluated with specific parameters (Confusion
Index [C-Index], Color Confusion Index [CCI], Age Corrected Color Confusion Index
[AC-CCI], Confusion angle [Conf Ang] and Scatter index [S-Index]) from Farnsworth-

Munsell D15 and L’ Anthony D15 tests.

Structural parameters were explored with Cirrus high definition (HD) OCT

device. Macular cube and optic disc cube protocols were performed.

Several previous studies demonstrated disturbances in contrast sensitivity and
color vision. These alterations were suggested as predictors of cognitive dysfunction.
However, on one hand, there are conflicting studies about RNFL defects: one study did
not find significant differences between AD patients and healthy controls, but other
study postulated RNFL alterations as the earliest sign of AD, even before hippocampal
damage. On the other hand, several studies found important macular alteration that was

correlated with cognitive impairment. But we did not find any article that correlate
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structural retinal parameters with functional parameters of contrast sensitivity and color

vision.

In our study, functional and structural parameters were compared between healthy
controls and patients with AD, resulting in a statistically significant decrease in contrast
sensitivity and color vision, as well as a significant decrease in 8 of the 9 analyzed

macular sectors, and in the superior quadrant and average thickness of the RNFL.

Contrast sensitivity was the functional parameter most strongly correlated with
structural measurements (specifically with macular thickness), although color vision

(Farnsworth’s test) and visual acuity associations were also found.

Our results conclude that visual dysfunction in patients with AD correlate with
morphologic parameters, being the changes in the macular area those that are more

closely associated with visual function alterations.

2. Polo V, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes MlI,
Larrosa JM, Pablo LE, Garcia-Martin E. Visual dysfunction and its
correlation with retinal changes in patients with Parkinson’s disease: an
observational cross-sectional study. BMJ Open 2016;6:e009658.

Thirty-seven patients and 37 age and sex-matched healthy subjects were included

in this prospective cross-sectional study. The aim was to evaluate visual dysfunction

and its correlation with the retinal structural changes in patients with PD.

The following functional parameters were analyzed: visual acuity was evaluated
with ETDRS charts at high (100%) and low (2.5% and 1.25%) contrast levels, contrast

sensitivity was evaluated using CSV 1000-E and Pelli-Robson charts and color vision

14



was evaluated with specific parameters (C-Index, CCI, AC-CCI, Conf Ang y S-Index)

from Farnsworth-Munsell D15 and L’ Anthony D15 tests.

Structural parameters were explored with Cirrus HD OCT device. Macular cube,

optic disc cube and ganglion cell protocols were performed.

In our study, functional and structural parameters were compared between healthy
controls and patients with PD, resulting in a statistically significant decrease in visual
acuity, contrast sensitivity and color vision (L’ Anthony test), as well as a significant
decrease in 5 of the 9 analyzed macular sectors, in the superior quadrant of the RNFL in

the superior and superonasal sectors and minimum thickness of the GCL.

Contrast sensitivity was the functional parameter most strongly correlated with
structural measurements. Regarding the structural parameters, thickness of the ganglion
cell layer was associated with most of functional parameters, and mainly with color.
Finally, we found a strong correlation between thickness and macular volume with

functional parameters.

Previously published studies demonstrated diminished retinal structures and
association between macular thinning and progression or severity of PD. Only two
studies described correlation between visual function and retinal structure, but strong

correlations were not demonstrated.

According to our results, we can affirm that visual dysfunction significantly
correlates with morphologic parameters in patients with PD. Changes in macular area
and GCL measurements are more closely associated with visual dysfunction and could
be reliable indicators of visual impairment in PD patients. Our study is the first showing

this strong correlation.
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3. Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes MI, Ara JR, Martin J,
Polo V, Larrosa JM, Pablo L, Garcia-Martin E. Relationship between
visual dysfunction and retinal changes in patients with multiple sclerosis.

PL0S ONE 2016;11(6):e0157293.
Eighty-four relapse-remiting MS patients, with and without previous episodes of
optic neuritis, and 84 age and sex-matched healthy subjects were included in this
prospective cross-sectional study. The aim was to evaluate visual dysfunction and its

correlation with retinal structural changes in MS patients.

The following functional parameters were analyzed: visual acuity with ETDRS
charts at high (100%) and low (2.5% and 1.25%) contrast levels, contrast sensitivity
with CSV 1000-E and Pelli-Robson charts and color vision with specific parameters (C-
Index, CCI, AC-CCI, Conf Ang y S-Index) from Farnsworth-Munsell D15 and

L’ Anthony D15 tests.

Structural parameters were explored with Cirrus HD OCT device. Macular cube,

optic disc cube and ganglion cell protocols were performed.

In our study, functional and structural parameters were compared between healthy
controls and patients with MS, finding a statistically significant decrease in visual
acuity, contrast sensitivity and color vision (L’Anthony test), as well as a statistically
significant decrease in 7 of the 9 analyzed macular sectors, in the temporal quadrant and
average thickness of the RNFL, as well as in the inferotemporal and superotemporal
sectors and minimum thickness of GCL. Worse data were recorded in patients with

previous history of optic neuritis.

Contrast sensitivity was the functional parameter most strongly correlated with

structural measurements (macular and RNFL thickness, but mainly with GCL

16



thickness). Regarding the structural parameters, mean macular thickness showed the

highest correlation with color vision (L'Anthony test).

Our results support those of previous publications, suggesting the utility of
macular and ganglion cell layer analysis as good indicators of visual impairment in MS

patients.

4. Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes Ml, Vilades E, Gracia H,
Ara JR, Alarcia R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E.
Optical coherence tomography as a biomarker for diagnosis, progression,
and prognosis of neurodegenerative diseases. J Ophthalmol.

2016;2016:8503859. Review.

In this paper a literature review and analysis on the utility of OCT as a biomarker
for the diagnosis and prognosis of the neurodegenerative diseases (AD, PD and MS)
was carried out. In addition, it helps to understand the pathophysiology of axonal

degeneration.

We analyze the utility of macular, RNFL and ganglion cell protocols of the OCT
technology in all the three neurodegenerative studied diseases in this doctoral thesis
(AD, PD and MS). Segmentation analysis with ganglion cell measurements is suggested

as the latest and most sensible biomarker measured with OCT.

Developing biomarkers that allow an early detection of the disease or predict the
evolution would improve the clinical management and monitoring of the treatments

effectiveness and, consequently, the quality of life of these patients.
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RESUMEN

El tema principal de las cuatro publicaciones internacionales que componen esta
tesis doctoral, se basa en el estudio de los parametros estructurales (espesor macular,
capa de fibra nerviosa de la retina [CFNR] y capa de células ganglionares [CCG]) y de
los pardmetros funcionales (agudeza visual [AV], sensibilidad al contraste [SC] y
percepcion del color) de la retina y del nervio Optico, en pacientes con enfermedades

neurodegenerativas (Alzheimer [EA], Parkinson [EP] y Esclerosis Multiple [EM]).

Estas tres enfermedades neurodegenerativas se caracterizan por una muerte
neuronal (secundaria a depositos amiloides en la EA, por alteracion de los circuitos
dopaminérgicos en la EP o inmunomediada en la EM), cuyos sintomas clinicos y

discapacidad funcional son consecuencia de este dafio o pérdida neuronal.

La retina es una parte del sistema nervioso central, facilmente accesible para el
examen clinico. La CFNR comprende principalmente axones no mielinizados de las
células ganglionares de la retina, por lo que las mediciones del espesor de las diferentes
capas retinianas, pueden proporcionan una evaluacion relativamente directa de los

axones y/o del dafio neuronal.

Amplias evidencias cientificas ya han demostrado un adelgazamiento de la
retina (macular y de la CFNR), en la EA, EP y EM, examinado con la tecnologia de
tomografia de coherencia Optica (OCT). Este adelgazamiento de la retina se ha
correlacionado con la progresion y el empeoramiento de la calidad de vida.
Recientemente, los nuevos softwares de los OCT nos permiten medir especificamente la
capa de células ganglionares (CCG), donde se localizan las células parvocelulares,

magnocelulares y koniocelulares. Estas células especializadas son las responsables de
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identificar el color y el contraste espacial en diferentes frecuencias: por lo tanto, la
pérdida general de estas células de la retina es probable que sea un importante

mecanismo contributivo para la discapacidad visual.

La vision constituye uno de los sentidos con mayor impacto en la calidad de vida
de las personas. La evaluacion de la funcion visual mediante los test de agudeza visual
(test ETDRS 100%, 2,5%, 1,25%), sensibilidad al contraste (test CSV 1000-E y test de
Pelli-Robson) y percepcion de la vision cromatica (tests Farnsworth-Munsell D15 y
L’ Anthony D15) nos pueden ayudar a conocer mejor la discapacidad visual de pacientes
afectos de EA, EP y EM. Ya se tiene constancia de que dichas enfermedades causan
alteraciones en la funcion visual; como puede ser la dificultad para el reconocimiento de
caras, la lectura y/o conduccién, relacionadas éstas con la sensibilidad al contraste; asi
como alteraciones adquiridas de la vision cromatica por patologia macular o del nervio
Optico, como ocurre en las neuritis Opticas de la EM. Estas alteraciones fueron al
principio atribuidas a causas corticales, pero recientemente también se han sugerido
alteraciones en la via visual anterior por disminucion del espesor retiniano debido a una
muerte neuronal secundaria a dep6sito amiloide en la EA o de a-sinucleina en la EP.
Esta muerte de células ganglionares se postula como la responsable de las alteraciones
en la sensibilidad al contraste y color desde las etapas mas precoces, incluso antes de la
deteccidn de la alteracion de la CFNR del nervio Optico y sobre todo de la clésica

palidez papilar.

Los articulos publicados en esta tesis doctoral demuestran que en los pacientes
con dichas enfermedades neurodegenerativas (EA, EP y EM) los pardmetros de la
funcién visual se encuentran alterados y se correlacionan, incluso en las primeras

etapas, con parametros estructurales disminuidos. Estos resultados nos permiten
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concluir que el anélisis de la funcion visual, podria considerarse como un posible

biomarcador para la EA, laEP y la EM.

20



3. RELACION DE PUBLICACIONES QUE COMPONEN LA TESIS

A continuacion se incluye una breve presentacion de cada trabajo justificando su

unidad tematica:

1. Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes MlI,
Bambo MP, Pablo LE, Satue M. Visual dysfunction and its correlation
with retinal changes in patients with Alzheimer’s disease. Eye (Lond)

2017 (en prensa).

Se trata de un estudio transversal observacional en el que se incluyeron un total de
24 pacientes con EA leve o moderada y 24 sujetos sanos. El objetivo fue evaluar la
disfuncion visual y su correlacion con los cambios estructurales de la retina en pacientes

con EA.

Los parametros funcionales analizados fueron: la AV, que se evalud con cartas
ETDRS de alto (100%) y bajo contraste (2,5% y 1,25%); la SC, que fue evaluada con el
test CSV 1000-E vy el test de Pelli-Robson; y el color, evaluado mediante los protocolos
Farnsworth-Munsell D15 y L’ Anthony D15, concretamente con los parametros: indice
de confusion (C-Index), indice de confusion del color (CCI), indice de confusién del
color corregido por edad (AC-CCI), angulo de confusion (Conf Ang) e indice de

dispersion (S-Index).

Los parametros estructurales se exploraron con el dispositivo Cirrus HD,

utilizando los protocolos de cubo macular y de disco Optico.

Ya se conoce que la SC y el color estan frecuentemente alterados en estos

pacientes y se ha sugerido que pueden ser predictores de disfuncion cognitiva. Sin
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embargo, hay estudios contradictorios sobre los defectos de la CFNR: ya que un estudio
no encontro diferencias significativas entre pacientes con EA y controles sanos, pero sin
embargo, otro estudio lo considerd como el signo mas precoz de EA, incluso antes del
dafio hipocampal. Por otro lado, distintos estudios han encontrado una importante
afectacion macular, la cual ha sido correlacionada con el dafio cognitivo. Sin embargo
no encontramos ningun articulo que correlacionara los cambios estructurales de la retina

con las alteraciones funcionales de SC y color.

En nuestro estudio se compararon los pardmetros funcionales y estructurales entre
controles sanos y pacientes con EA, demostrado una disminucion estadisticamente
significativa de la SC y de la vision cromatica en los pacientes, asi como una
disminucion estadisticamente significativa en 8 de los 9 sectores maculares analizados,

y en el espesor medio y cuadrante superior de la CFNR.

El parametro funcional que mas frecuentemente se asocid a las medidas
estructurales (especialmente en el espesor macular) fue la SC, aunque también se

encontraron asociaciones en el color (test de Farnsworth) y en la AV.

Segln nuestros resultados podemos afirmar que la disfunciéon visual en los
pacientes con EA se correlaciona significativamente con los parametros morfoldgicos,
siendo los cambios en el area macular los que se asocian mas estrechamente con la

alteracion de la funcion visual.

2. PoloV, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes Ml,
Larrosa JM, Pablo LE, Garcia-Martin E. Visual dysfunction and its
correlation with retinal changes in patients with Parkinson’s disease: an

observational cross-sectional study. BMJ Open 2016;6:009658.
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Se trata de un estudio transversal observacional en el que se incluyeron un total de
37 pacientes con EP y 37 sujetos sanos. El objetivo fue evaluar la disfuncién visual y su

correlacion con los cambios estructurales de la retina en pacientes con EP.

Los parametros funcionales analizados fueron: la AV, que se evalud con cartas
ETDRS de alto (100%) y bajo contraste (2,5% y 1,25%); la SC, que fue evaluada con el
test CSV 1000-E vy el test de Pelli-Robson; y el color, evaluado mediante los protocolos
Farnsworth-Munsell D15 y L’Anthony D15, concretamente con los parametros C-

Index, CCI, AC-CClI, Conf Ang y S-Index.

Los parametros estructurales se exploraron con el dispositivo Cirrus HD,

utilizando los protocolos macular, de la CFNR y de células ganglionares.

En nuestro estudio se compararon los parametros funcionales y estructurales entre
controles sanos y pacientes con EP, encontrando una disminucién estadisticamente
significativa de la AV, de la SC y de la vision cromatica (test de L’ Anthony), asi como
una disminucion estadisticamente significativa en 5 de los 9 sectores maculares
analizados, en el cuadrante superior de la CFNR y en los sectores superior, superonasal

y espesor minimo de la CCG.

El parametro funcional que mas frecuentemente se asocid a las medidas
estructurales fue la SC. Respecto a los parametros estructurales, el espesor de la CCG se
asocié con la mayoria de los parametros funcionales, y principalmente con el color.
Finalmente encontramos una fuerte correlacion del espesor y volumen maculares con

los parametros funcionales.

Estudios anteriormente publicados han demostrado disminucion de las estructuras
retinianas y asociacion entre el adelgazamiento macular y la progresion y gravedad de la

EP. Unicamente se han publicado dos trabajos que correlacionan funcion visual y
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estructura retiniana, pero ninguno demostrd correlaciones fuertes, por lo que podemos

afirmar que nuestro trabajo es el primer estudio que lo demuestra.

Segun nuestros resultados, podemos confirmar que la disfuncion visual en los
pacientes con EP se correlaciona significativamente con los parametros morfolégicos,
siendo los cambios en el area macular y segmentacion retiniana con medicion del
espesor de la CCG los que se asocian mas estrechamente con la alteracion de la funcién
visual; lo que sugiere que pueden ser utilizados como indicadores de la discapacidad

visual en los pacientes con EP.

3. Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes MI, Ara JR, Martin J,
Polo V, Larrosa JM, Pablo L, Garcia-Martin E. Relationship between
visual dysfunction and retinal changes in patients with multiple sclerosis.
PL0S ONE 2016;11(6):e0157293.
Se trata de un estudio transversal observacional en el que se incluyeron un total de
84 pacientes con EM remitente—recurrente con y sin episodios previos de neuritis dptica
y 84 sujetos sanos. El objetivo fue evaluar la disfuncién visual y su correlacion con los

cambios estructurales de la retina en pacientes con EM.

Los pardmetros funcionales analizados fueron: la AV, que se evalud con cartas
ETDRS de alto (100%) y bajo contraste (2,5% y 1,25%); la SC, que fue evaluada con el
test CSV 1000-E vy el test de Pelli-Robson; y el color, evaluado mediante los protocolos
Farnsworth-Munsell D15 y L’Anthony D15, concretamente con los parametros C-

Index, CCI, AC-CCI, Conf Ang y S-Index.

Los parametros estructurales se exploraron con el dispositivo Cirrus HD,

utilizando los protocolos: macular, de la CFNR vy de células ganglionares.
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En nuestro estudio se compararon los parametros funcionales y estructurales entre
controles sanos y pacientes con EM, encontrando una disminucion estadisticamente
significativa de la AV, de la SC y de la vision cromatica (test de L’ Anthony), asi como
una disminucion estadisticamente significativa en 7 de los 9 sectores maculares
analizados, en el espesor medio y cuadrante temporal de la CFNR y en los sectores
inferotemporal, superotemporal y espesor minimo de la CCG, siendo significativamente

peor en pacientes con historia de neuritis Optica.

La SC fue el parametro funcional que mas frecuentemente se asocio a las medidas
estructurales (espesor macular, CFNR, pero sobre todo con el espesor de la CCG).
Respecto a los parametros estructurales, el espesor medio macular mostré la mayor

correlacion con el color (test de L’ Anthony).

Nuestros resultados corroboran los de articulos previamente publicados,
sugiriendo la utilidad del analisis macular y de la CCG como buenos indicadores de la

discapacidad visual en los pacientes de EM.

4. Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes MI, Vilades E, Gracia H,
Ara JR, Alarcia R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E.
Optical coherence tomography as a biomarker for diagnosis, progression,
and prognosis of neurodegenerative diseases. J Ophthalmol.

2016;2016:8503859. Review.

En este estudio se realizd una revision bibliografica y un analisis profundo sobre
la utilidad de la OCT como biomarcador para el diagnéstico y prondstico de las
enfermedades neurodegenerativas sobre la que versa esta tesis doctoral (EA, EP y EM);

ademas de ayudar en la comprension de fisiopatologia de la degeneracion axonal.
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El trabajo analiza para cada una de las enfermedades a estudio (EA, EP y EM) la
utilidad de los protocolos de andlisis del espesor macular, de la CFNR y de la
segmentacion retiniana con el espesor de la CCG; sugiriendo éste ultimo como el
biomarcador neurodegenerativo mas sensible medible con OCT. El desarrollo de
biomarcadores que permitan una deteccién temprana de la enfermedad o predigan su
evolucion, mejorarian el manejo clinico y monitorizacion de la efectividad de los

tratamientos y en consecuencia, la calidad de vida de dichos pacientes.
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4. INTRODUCCION

El tema principal de las publicaciones que componen esta tesis doctoral se centra
en el estudio de la afectacion subclinica de la funcién visual en etapas precoces
(analizando AV, SC y percepcion del color), asi como el andlisis estructural de la retina
y del nervio Optico (espesores macular, de la CFNR y de la CCG) en pacientes con
enfermedades neurodegenerativas (EA, EP y EM), como nueva perspectiva para
mejorar y acelerar el proceso diagnéstico, seguimiento y monitorizacion de estas

patologias.

4.1 Enfermedad de Alzheimer

La EA es la enfermedad neurodegenerativa mas frecuente y la forma méas comdn
de demencia, con una prevalencia mundial de 47 millones, estimandose que la cifra sea

duplicada antes del 2050,

Se caracteriza por una pérdida progresiva de la memoria reciente y de otras
funciones cognitivas. En etapas intermedias-avanzadas son frecuentes los sintomas

neuropsiquiatricos.

También pueden estar presentes, aunque con menor frecuencia, sintomas como
la apraxia, disfuncion olfativa, trastorno del suefio, epilepsia y signos motores
piramidales y extrapiramidales; que nos pueden hacer plantear el diagnostico diferencial
con otros tipos de demencias, como enfermedad cerebrovascular de pequefio vaso y
otras enfermedades neurodegenerativas como la demencia de cuerpos de Lewy
(parkinsonismos, alucinaciones visuales...) y la demencia frontotemporal (alteracion de

la personalidad y el comportamiento, afasia...).
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Aunque la patogenia no esta totalmente esclarecida, se han emitido numerosas
hipotesis, fundamentalmente basadas en los hallazgos neuropatoldgicos y en genes que

se han relacionado con la enfermedad.

A nivel neuropatoldgico, se caracteriza por el acimulo extracelular de placas
seniles formadas por proteina P-amiloide y marafias neurofibrilares intracelulares
formadas por proteina tau hiperfosforilada predominantemente en los I6bulos frontal y
temporal. Junto a la presencia de microgliosis reactiva y neuritas atréficas, originan
muerte neuronal y pérdida de conexiones sinapticas en regiones selectivas del cerebro,
produciendo neurodegeneracién progresiva y atrofia cerebral, localizada principalmente

en el hipocampo v la corteza®.

Se han aislado tres genes estrechamente relacionados con la forma familiar de
inicio temprano: APP (gen de la proteina precursora de amiloide), PSEN1 (gen de la
presenilina 1) y PSEN2 (gen de la presenilina 2). En la variante méas frecuente de la
enfermedad, la esporédica, y en la familiar de inicio tardio, el genotipo APOE4 aparece

con frecuencia (casi en el 50%) y se considera un factor de riesgo®.

La EA progresa inexorablemente. Cuanto méas tardio es el inicio de la
enfermedad, mas lento es el deterioro cognitivo. En cambio, la sintomatologia no
amneésica precoz como, por ejemplo, los sintomas neuropsiquiatricos, determinan un
deterioro méas veloz . La supervivencia media desde el diagnéstico es de unos 8 a 10

anos.

Actualmente, no existe un tratamiento modificador de la enfermedad o curativo.
Las terapias actuales se centran en ralentizar la progresion de la enfermedad, con
resultados dispares. Los farmacos mas utilizados son los inhibidores de la colinesterasa
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denominados antidemenciales como el donepezilo (Aricept®) y la rivastigmina (Exelon®
y Prometax®)° y la memantina un antagonista del receptor de NMDA (N-metil-D-

aspartato)®.

4.1.1 Alzheimer y visidon

Los sintomas visuales son frecuentes en los comienzos de la EA" con

alteraciones en la sensopercepcion y en el procesamiento visual***2,

Los pacientes refieren quejas a nivel de la lectura, la conduccion o el
reconocimiento de objetos. En la exploracion de la funcion visual se han descrito
alteraciones en los movimientos oculares, en la SC, los potenciales evocados visuales y
la percepcion de colores entre otras. La AV y el campo visual rara vez se encuentran
afectados al inicio de la enfermedad, aunque si se pueden presentar déficits moderados

respecto a la poblacion general.

Recientes estudios han demostrado disminucién del espesor retiniano macular'*
1%y de la CFNR, sobre todo en los sectores temporales medidos con OCT?*, siendo un
buen marcador para el diagnostico y seguimiento evolutivo de la patologia, ya que
defectos en la CFNR puede ser incluso un signo mas precoz que el dafio hipocampal®’.
Las pruebas estructurales del espesor macular y CFNR y de funcion visual,
especialmente las de vision cromética, se correlacionan con la gravedad de la

enfermedad®®.

Habitualmente, las alteraciones en la funcién visual se han atribuido al dafio en
el cortex de asociacion visual producido por la enfermedad'®?° ya que estudios
necropsicos han encontrado reducciones, sobre todo a nivel del 16bulo occipital, pero no

a nivel del nervio dptico o ndcleos geniculados. Por el contrario, se encontraron
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reducciones a nivel de los nucleos troncoencefalicos, aun cuando no son frecuentes las

quejas de diplopia en estos pacientes.

4.2 Enfermedad de Parkinson

La EP es la segunda enfermedad neurodegenerativa mas frecuente, después de la
EA.

Entre las alteraciones que puede producir esta enfermedad se encuentran los
trastornos del movimiento y sintomas no motores tales como demencia, depresion y
disfuncion del sistema nervioso auténomo®.

Se produce una pérdida selectiva de neuronas dopaminérgicas, en la sustancia
negra a nivel de los ganglios basales cerebrales.

Las células nerviosas y circuitos neuronales fuera de los ganglios basales
también pueden verse dafiados, de forma simultanea o incluso antes de la afectacion del
sistema nigroestriatal??. Uno de los sistemas no motores afectado en la EP es la vision,

particularmente el campo visual correspondiente al area foveal®.

4.2.1 Parkinson y visién

La EP se asocia no s6lo con la muerte de neuronas dopaminérgicas pigmentadas
en la sustancia negra, sino también con una pérdida de neuronas en otras areas, tales
como células amacrinas dopaminérgicas, células ganglionares de la retina y células
pertenecientes a areas de la via visual (por ejemplo, el cuerpo geniculado lateral, nucleo
colinérgico basal de Meynert, y la corteza visual)®. Esta reduccion de las células
ganglionares de la retina conduce a una disminucion de los espesores de la retina y de la
CFNR, que pueden ser detectados utilizando dispositivos de OCT. Algunos autores
como Satue et al. y Rohani et al. demostraron que los OCT de dominio espectral son

dispositivos capaces de detectar la atrofia de la CFNR en pacientes con EP. Bambo et
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al. detectaron una disminucion en los espesores de la CFNR con los dispositivos OCT

Cirrus y Spectralis, especialmente en el cuadrante inferior®™2.

La retina de los mamiferos contiene neuronas dopaminérgicas, las células
amacrinas, que estan situadas a nivel de la capa interna de la retina, suponiendo hasta el
20% de su espesor. Estas células modulan el campo receptivo de las células ganglionares
y se les atribuye una funcién importante en las interacciones laterales a larga distancia en
la capa plexiforme interna de la retina®. Las células ganglionares a su vez se encargan de
la percepcion de la SC y de la vision en color. Por lo tanto la vision, la SC, asi como la
sensibilidad absoluta y temporal, la vision en color y los potenciales evocados visuales
(PEV), estan al menos parcialmente, controladas por dopamina®. Estudios previos han
demostrado que la extension de la dopamina en células retinianas es menor en pacientes
con EP que en sujetos sanos?".

En lo que a clinica oftalmoldgica se refiere, las alteraciones mas prevalentes
encontradas en los pacientes con EP son ojo seco patolégico (exacerbado por los
farmacos anticolinérgicos), glaucoma y hasta un 25% de los pacientes sufre alucinaciones
de tipo visual (pudiendo ser consecuencia de los farmacos agonistas dopaminérgicos o un
mal diagnéstico de enfermedad de Lewy)?; también es frecuente encontrar diplopia por
exotropia secundaria a una insuficiencia de convergencia e incomitancia cerca — lejos,
siendo esto ultimo muy dependiente de los niveles de dopamina, o periodos off.

Se han encontrado alteraciones histologicas en retina y nervio éptico que pueden
producir una afectacion subclinica de la funcion visual al inicio del proceso y llevar a una
pérdida progresiva de la vision en etapas posteriores de la enfermedad. Diversos estudios
han demostrado alteracion en la transmision de los impulsos nerviosos a nivel de capas

externas de la retina?® y pérdida de fibras nerviosas a nivel del nervio éptico?.
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4.3 Esclerosis Multiple

La EM es una compleja enfermedad neurodegenerativa que afecta
principalmente a pacientes jovenes. Se caracteriza por lesiones axonales en el sistema
nervioso central que conducen a déficits neurologicos progresivos, causantes de una
importante discapacidad funcional y empobrecimiento de la calidad de vida.

Clasicamente se ha considerado una enfermedad desmielinizante en la que la
mielina que recubre los nervios es destruida por procesos de inflamacion vy
cicatrizacion; sin embargo en los ultimos afios se ha demostrado que se asocian otros de
dafio axonal®®,

Existen evidencias de que el dafio axonal aparece desde fases precoces de la
enfermedad, sin relacion con episodios inflamatorios 0 autoinmunes contra la mielina, y
de que esta degeneracion axonal esta directamente relacionada con la discapacidad
funcional permanente®®. Estudios previos han demostrado que el deterioro axonal de
los pacientes con EM puede ser observado y cuantificado a nivel de la CFNR mediante
técnicas de analisis digital de la imagen®’,

Algunos autores han sugerido que la evaluacién de la CFNR podria ser mas util

que la resonancia magnética para medir la atrofia neuronal®®

y un namero creciente de
neurdlogos utiliza la evaluacion de la CFNR para monitorizar la progresion de la
enfermedad*°.

El tratamiento consistird en el control de los brotes agudos mediante farmacos

corticoideos y farmacos patogénicos, o modificadores de la enfermedad, para prevenir

la progresion y las recaidas (ver tabla 1).
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Principio
Activo

Acetato de
glatiramero

Alemtuzumab

Dimetilfumarato

Interferon beta-
1a

Interferdon beta-
1a

Interferén beta-
1b

Interferon beta-
1b

Interferdn beta-
1a pegilado

Fingolimod

Mitoxantrona
(en genérico
desde 2008)

Matalizumab

Teriflunomida

Nombre
comercial

Copaxone®
20 0 40

Lemtrada®

Tecfidera®

Avonex @

Rebif®

Betaferon®

Extavia®

Plegridy®

Gilenya®

MNovantrone®

Tysabri®

Aubagio®

Laboratorio
titular

Teva

Pharmaceuticals

Ltd

Genzyme
Therapeutics
Ltd

Biogen

Biogen

Merck Serono
Europe Lid

Bayer Pharma
Ag

MNovartis
Europharm Ltd

Biogen

Movartis
Europharm Ltd

Meda Pharma,

SAU

Biogen

Sanofi-Aventis
Groupe

Ao de
aprobacion
(EMA)

2002

2013

2014

1997

1998

1995

2008

2014

2011

1998 (proc.
nacional)

2006

2013

Modo de
administracion

Subcutaneo

Intravenoso

Oral

Intramuscular

Subcutaneo

Subcutaneo

Subcutineo

Subcutaneo

Oral

Intravenoso

Intravenoso

Oral

Frecuencia de
administracion

Cadadiao 3

veces por
semana

Ciclosde 503
dias anuales

Dos veces/dia

Una
vez/semana

3
veces/semana

Cada dos dias

Cada dos dias

Cada dos
semanas

Cada dia

Frecuencia
variable. Dosis
maxima
acumulada:
140 mg/m2

Cada 4
semanas

Una vez/dia

Tabla 1: Farmacos modificadores de la enfermedad de Esclerosis Multiple.
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4.3.1 Esclerosis Multiple y vision

La retina es una parte del sistema nervioso central de facil acceso para el examen
clinico. La CFNR se compone fundamentalmente de axones no mielinizados de las
células ganglionares de la retina; por lo que las mediciones de su espesor aportan una
valoracion relativamente directa de los fibras nerviosas y por lo tanto del dafio axonal.

La atrofia en el nervio dptico y el adelgazamiento de la CFNR son dos hallazgos
tipicos en los pacientes con EM habiendo o no sufrido episodios de neuritis Optica
previamente®"**42 Estudios recientes han demostrado adelgazamiento de la capa de
células ganglionares mas plexiforme interna (GCIPL) entre los 3 y 6 meses posteriores a
un episodio de neuritis optica. También se ha detectado atrofia de la CCG, incluso con
un nimero axonal intacto, en estudios postmorten®:.

La clinica tipica de la enfermedad sera de disminucion de AV progresiva o en
brotes (la disfuncion visual puede ocurrir en mas del 80% de los pacientes en el curso de
la enfermedad)*®. También se han descrito alteraciones en la sensibilidad a bajo
contraste y el color®®*®, lo cual produce alteraciones en las tareas cotidianas como la
lectura, conduccién o reconocimiento facial*’. Bajas AV a bajos contrastes se han

correlacionado con pérdida neuronal en la via visual anterior*®*

, 'y esta pérdida
neuronal se relaciona con la progresion, la discapacidad y el empobrecimiento de la

calidad de vida en los pacientes afectos de EM®*2,
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5. ESTADO ACTUAL DEL TEMA

La pérdida de axones en el nervio optico que se produce en pacientes con EA,
EP y EM, se ha podido observar tradicionalmente como una palidez progresiva de la
cabeza del nervio optico mediante el examen del fondo de ojo con un oftalmoscopio. El
ojo humano, sin embargo, no es capaz de cuantificar o detectar la pérdida axonal de
manera temprana (es decir, sélo vemos palidez cuando se han perdido més de un 50%
de las fibras nerviosas). La pérdida de células ganglionares de la retina puede detectarse,
incluso en fases subclinicas, utilizando tecnologias de anélisis digital de la imagen,
como por ejemplo la OCT>® que proporcionan de manera no invasiva, rapida y objetiva,

mediciones reproducibles del espesor de la CFNR.

En estudios previos llevados a cabo en pacientes con EA se ha encontrado una
disminucion en la CFNR y en el espesor macular, sobre todo en sectores temporales; asi
como alteracion funcional cromaética, que se relaciona con la gravedad de la
enfermedad. En pacientes con EP, la OCT de dominio espectral ha demostrado la
existencia de espesores reducidos a nivel macular® **°® y en la CFNR*>*"*® asi como
alteracion en la percepcion del color y en la SC respecto a controles sanos. Por ultimo,
diversos estudios han encontrado una correlacion entre la pérdida axonal en el nervio
Optico de pacientes con EM y su disfuncion visual, con el grado de incapacidad

funcional®” > y |a afectacion de su calidad de vida®.
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6. HIPOTESIS

Las enfermedades neurodegenerativas causan una reduccion subclinica de la
funcion visual en relacion a la agudeza visual, la sensibilidad al contraste y la vision
cromética, que se relacionan con la disminucion de las células nerviosas de la retina
(espesor macular, espesor de la capa de fibras nerviosas de la retina y espesor de la capa

de células ganglionares).
HYPOTHESIS

Neurodegenerative diseases cause subclinical reduction in visual function (visual
acuity, contrast sensitivity, and color vision) that correlates with decreased retinal cells

(macular thickness, retinal nerve fiber layer thickness and ganglion cell layer thickness).
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7. OBJETIVOS

I. Analizar si los sujetos afectos de las enfermedades neurodegenerativas de Alzheimer,
Parkinson y esclerosis multiple presentan cambios estructurales en la retina y en el nervio

optico, y si éstos son detectables mediante tomografia de coherencia dptica tipo Cirrus.

I1. Evaluar si los espesores retinianos disminuyen mas a medida que aumenta la duracion

de la patologia.

I1l. Evaluar si los pacientes con las enfermedades neurodegenerativas de Alzheimer,
Parkinson y esclerosis multiple presentan alteraciones en su capacidad visual, detectables

con los test de agudeza visual, sensibilidad al contraste y percepcion del color.

IV. Analizar las correlaciones entre las pruebas funcionales y estructurales de la vision.

V. Evaluar la asociacion entre las mediciones de los espesores maculares y de la capa de

fibras nerviosas de la retina, y los pardmetros funcionales en la enfermedad de Alzheimer.

VI. Estudiar la correlacién entre las mediciones estructurales y los test de funcién visual

en la enfermedad de Parkinson.

VII. Evaluar la asociacion entre las mediciones de los espesores maculares, de la capa de
fibras nerviosas de la retina y de las células ganglionares, y los parametros de funcién

visual en la esclerosis multiple.

VIII. Analizar si la funcion visual es peor en los pacientes con grados mas severos de

enfermedad.
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IX. Descubrir si la evaluacion neurooftalmoldgica funcional y estructural de los pacientes
afectos de las enfermedades neurodegenerativas de Alzheimer, Parkinson y esclerosis

multiple es un biomarcador Util en el estudio de estas patologias.

OBJECTIVES

I. To analyze if subjects affected with neurodegenerative diseases of Alzheimer,
Parkinson and multiple sclerosis present structural changes in the retina and optic nerve,

and if these changes are detectable with Cirrus OCT..

Il. Evaluate if the retinal thickness decreases more as the duration of the disease

increases.

[1l. To evaluate if patients with neurodegenerative diseases of Alzheimer's, Parkinson's
and multiple sclerosis present alterations in their visual function, detectable with tests of

visual acuity, contrast sensitivity and color perception.

IV. To analyze the correlations between functional and structural tests of vision.

V. To evaluate the association between measurements of macular thickness and retinal

nerve fiber layer, with functional parameters in Alzheimer's disease.

VI. To study the correlation between structural measurements and visual function tests in

Parkinson's disease.

VII. To evaluate the association between measurements of macular thickness, retina
nerve fiber layer thickness and ganglion cells layer thickness, with visual function

parameters in multiple sclerosis.
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VIII. To analyze if patients with more severe degrees of disease show worse visual

function parameters.

IX. To find out if the functional and structural neurophthalmological evaluation of the
patients affected by the neurodegenerative diseases of Alzheimer, Parkinson and multiple

sclerosis is a useful biomarker in the study of these pathologies.
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8. METODOLOGIA

Los articulos que forman parte de esta tesis doctoral son el resultado de varios
estudios transversales que se llevaron a cabo en las Consultas Externas y en la Unidad
de Funcién Visual del Servicio de Oftalmologia, con la participacion del Servicio de
Neurologia del Hospital Universitario Miguel Servet de Zaragoza. El disefio de estos
estudios siguid los principios de la Declaracion de Helsinki, y el protocolo fue aprobado

por el Comité Etico de Investigaciones Clinicas de Aragon (CEICA).

De acuerdo a la Ley Orgéanica 15/1999, de 13 de diciembre, de Proteccién de
Datos de Caracter Personal, utilizamos datos disociados, en el que a cada ojo de cada
paciente se le asigné un numero especifico Unico, para proteger su identidad en los
andlisis estadisticos; asi mismo, la base de datos se protegié con una clave para

restringir el acceso Unicamente a los investigadores del estudio.

8.1. Sujetos de estudio

Se propuso la participacion en el estudio a aquellos pacientes afectos de EA, EP
y/o EM que acudan a seguimiento de su patologia en el servicio de neurologia del
Hospital Miguel Servet.

Para la realizacion de estos trabajos se cont6 con diferentes poblaciones:

-Para el estudio “Visual dysfunction and its correlation with retinal changes in
patients with Alzheimer’s disease” (Eye), se analizaron 24 pacientes con EA leve o
moderada (que acudieron al seguimiento de su patologia en el servicio de Neurologia
del Hospital Miguel Servet) pareados con 24 controles sanos (reclutados entre el
personal sanitario del Hospital Miguel Servet y familiares o amigos, que aceptaron
voluntariamente participar en el estudio) por edad y sexo. El diagnostico de la

enfermedad fue determinado por un neurélogo segun los criterios del National Institute
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of Neurologic and Communicative Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association y el Diagnostic and Statistical Manual of Mental
Disorders (DSM-1V), y su estadio con la escala Minimental (MMSE)®#®. Se recogieron

los datos de duracion de la enfermedad, la edad al diagnostico v el tipo de tratamiento.

-Para el estudio “Visual dysfunction and its correlation with retinal changes in
patients with Parkinson’s disease: an observational cross-sectional study” (BMJ Open)
se reclutaron 37 pacientes con EP (que acudieron al seguimiento de su patologia en el
servicio de Neurologia del Hospital Miguel Servet, asi como aquellos pacientes con EP
miembros de la Asociacion de Parkinson de Aragdn) y 37 sujetos sanos (reclutados
entre familiares 0 amigos), que aceptaron voluntariamente participar en el estudio. El
diagnodstico de la EP se baso en los criterios del “UK Brain Bank Criteria”, que
incluyen la bradicinesia y un sintoma adicional; es decir, rigidez, 4-6 Hz de temblor en
reposo, o inestabilidad postural®®. Asi pues, para el diagnéstico de EP "definitiva", se
requieren tres 0 mas de los siguientes criterios en combinacion con los mencionados
anteriormente: inicio unilateral, caracter progresivo, asimetria, excelente respuesta (70%
-100%) a la levodopa, corea severa inducida por levodopa, respuesta a levodopa durante

5 afios 0 més, y el curso clinico de 10 afios 0 mas® .

-Para el estudio “Relationship between visual dysfunction and retinal changes in
patients with multiple sclerosis” (PLoS ONE); se incluyeron, dos muestras
independientes de 84 individuos sanos (reclutados entre el personal sanitario del
Hospital Miguel Servet y familiares o amigos, que aceptaron voluntariamente participar
en el estudio) y 84 pacientes con EM (que asistieron a nuestro Servicio referidos del
Neuro6logo para su examen oftalmologico anual). El diagnostico de EM se baso en los
criterios clinicos y de neuroimagen de Polman®’. Los registros médicos del grupo de

pacientes fueron revisados cuidadosamente, incluyendo la duracion de la enfermedad, la
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escala de disfuncion neurolégica (EDSS: Expanded Disability Status Scale), los
tratamientos modificadores de la enfermedad, y los antecedente de ataques agudos de

neuritis dptica.

Todos los sujetos incluidos en los 3 estudios cumplieron los siguientes criterios
de inclusion: AV igual o superior a 0,1 con la escala de Snellen en cada ojo para permitir
el desarrollo correcto del protocolo exploratorio, y valores de presion intraocular de
aplanamiento inferiores a 20 mm Hg, ya que valores superiores podrian provocar
afectacion de la CFNR por mecanismos diferentes a la enfermedad neurodegenerativa a
estudio (como ocurriria en el glaucoma cronico simple). Los sujetos incluidos en el
estudio no presentaban patologia oftalmoldgica previa que alterara en cualquier forma la
estructura o funcion del nervio dptico o de la retina.

Se incluyeron en el estudio voluntarios sanos, procedentes de personal trabajador
del hospital, familiares de los mismos, y familiares de los pacientes que participaron en el
estudio, que no presentaran ninguno de los criterios de exclusién anteriormente
mencionados. Todos ellos fueron pareados a los casos por edad y sexo.

A todos los sujetos del estudio se les solicitd la firma de un consentimiento
informado en el que se detallaban las caracteristicas del estudio y sus objetivos. Dicho
consentimiento informado fue imprescindible para su inclusién en la investigacion.

Fueron excluidos del estudio aquellos sujetos con defectos refractivos importantes

(mas de 5 dioptrias de equivalente esférico o 3 dioptrias de astigmatismo), opacificacion
de medios, enfermedades neurooftalmoldgicas o sistémicas que puedan afectar a la
vision o procesos oculares concomitantes incluyendo historia previa de patologia
retiniana, glaucoma, terapia con laser, o alteraciones importantes en cdrnea, cristalino,

retina o nervio éptico.
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Los pacientes con antecedente de neuritis dptica en los 6 meses previos al estudio
fueron excluidos (para estudiar Unicamente el proceso neurodegenerativo, y no el
secundario al dafio neuronal tras los brotes inflamatorios); asi como los pacientes con
EA, EP 0 EM muy severa, dada la incapacidad de completar el protocolo exploratorio

en estos casos.

8.2. Protocolo exploratorio
El protocolo exploratorio que se llevé a acabo constd de una valoracion neuroldgica y

oftalmoldgica, que se describen a continuacion.

8.2.1 Evaluacion neuroldgica
La valoracion neuroldgica fue realizada por el Servicio de Neurologia y

proporcionaba la siguiente informacion:
-Tiempo de evolucion de la enfermedad desde su diagndstico.

-Severidad y grado de afectacion neurolédgica, medidos mediante la escala Mini
Mental State Examination (MMSE)® para EA, la escala de valoracién funcional
Hoehn Yahr®® y la escala unificada para la clasificacién de la EP (Unified
Parkinson Disease Rating Scale [UPDRS])® y la escala Expanded Disability

Status Scale (EDSS)"° para pacientes afectos de EM.

-Tipo (recidivante-remitente, primaria progresiva, y secundaria progresiva) o

presencia 0 no de brotes de neuritis optica, en el caso de EM.
-Edad a la que se diagnostico la enfermedad.

-Tratamiento que habian llevado o llevaban.
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8.2.1.1 Evaluacion neuroldgica (escalas)
-La puntuacion MMSE® es un método muy utilizado para detectar el deterioro
cognitivo y vigilar su evolucion en pacientes con alteraciones neuroldgicas,
especialmente en ancianos. Consta de 30 preguntas agrupadas en 10 secciones que
evallUan: orientaciéon espacio temporal, capacidad de atencion, concentracion y
memoria, capacidad de abstraccion (célculo), capacidad de lenguaje y percepcion
viso-espacial, capacidad para seguir instrucciones basicas. Los resultados
dependen de la puntuacion alcanzada una vez terminada la prueba. Puntuaciones
entre 30 y 27 se clasifican como “sin deterioro”, entre 26 y 25 se considera
“dudoso o posible deterioro”, entre 24 y 10 se clasifica como “demencia leve a
moderada”, entre 9 y 6 es considerado “demencia moderada a severa” y menos de

6 es valorado como “demencia severa”.

- La escala Hoehn Yahr es una prueba validada de uso habitual para cuantificar la
progresion de los sintomas de la EP®. Su puntuacién va desde 0 (sin sintomas de
la enfermedad) hasta 5 (postrado o en silla de ruedas). En esta escala, la
discapacidad motora progresiva de la enfermedad se clasifica como unilateral
(estadio 1), enfermedad bilateral sin dificultades en el equilibrio (estadio 2),
presencia de inestabilidad postural (estadio 3), pérdida de independencia fisica
(estadio 4) y postrado en cama/silla de ruedas (estadio 5). La afectacion de la
vision comienza a ser notable a partir del estadio 2, comenzando con la

disminucion del parpadeo.

-La UPDRS es la escala mas utilizada en investigaciéon y en la practica clinica
diaria para realizar el seguimiento longitudinal de los pacientes con EP®. La

escala tiene 3 secciones que evallan la discapacidad, y una cuarta secciéon que
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valora las complicaciones relacionadas con el tratamiento. La puntuacion de la
UPDRS sera calculada utilizando las 3 secciones que analizan las areas de

discapacidad, junto con la seccién que analiza las complicaciones del tratamiento.

- La EDSS es un método de cuantificacion de la discapacidad en los pacientes con
EM™. La EDSS cuantifica la discapacidad en ocho sistemas funcionales y permite
a los neurologos asignar un nivel de discapacidad para cada uno de ellos. Los
sistemas funcionales son los siguientes: piramidal, cerebeloso, tronco cerebral,
sensorial, del intestino y la vejiga, visual y cerebral. Va desde puntuacién 0

(examen neuroldgico normal) a 10 (muerte por EM) (ver ilustracion 1).
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| Funcién plromidal l

Funcion cerebelosa

0. Normal.

1. Presencia Gnicamente de signos sin afeclacikon funcional.
2. Minima paresia,

3. Paresia o hemiparesia moderada. Monoparesia grave.

4. Marcada paresia. Monoplefio, letraparesia moderado.

5. Paroplejia, hemiplejio © marcada tetraparesia.

0. Normal.

1. Presencia Gnicomente de signos sin atectacion funclonal,
2. Ataxia leve.

3. Ataxia moderada de fronco o extremidades,

4. Ataxia grave de los cuatro extremidodes.

5, Incapacidad de realizar movimientos coordinados.

i&FeRopioa [ X Desconocido © no valorable por afeciacion piramidal.
| Funcion de ronco cerebral | Funcién mentol
0. Normal, 0. Normal.

1. Presencla Gnicomente de signos sin afectacion funcional.

2. Nistogmo moderodo u ofra afectacion leve de los cuales el paciente os
consciente.

3. Nistogmo Intenso, poresia extraoculor, ofectacion moderada de oo
por craneal.

4, Disarfria, distogia u ofra alterocion marcada.

5. Anartria © incapacidad de fragar.

1. Alteracion del humor (no afecta ol EDSS),

2. Leve afeciocion en funciones superiores

3. Moderada afectacion de funciones superiores.

4, Sindrome cerebral organico moderado o disminucién mental morcado.
5. Demencia o sindrome cerebral organico cronico grave.

| Funcién sensitiva

0. Normal.
1. Disminucidn de la sensibiidad vibratorio leve en una © dos exdremidades.

2. Disminucion leve de la sensibilldad tactil o algésica o arfrocinética, o moderada de la vibratoria en dos extremida-des, o leve de la vibratoria en fres o

cuotro axtromidodes

3. Disminucién moderada de lo sensibilidad 1actil, algésica o arfrocinética, o pérdida de k sensibilidad vibratoria en 1-2 extremidades, © disminucion
moderada de la vibratoria on 3-4 extromidades, © disminucidn ligera de ko tactoalgdsica on 34 extromidades,
4. Disminucidn marcada de la sensibilidad tactil, clgésica o pérdida de ka arfrocinética en 1-2 extremidades, © moderada pérdida de sensibiiidad

artrocingtica toctil © algésica, en 34 extremidades.

5. Pérdida de la sensibilidad en uno © mas miembros, o disminucion moderada de las sensibllidades por debojo de la cabeza.

.8 Sensibildad pardida pordebiojo dé I cabaro.

| Funcién visual
0. Normal.
1. Escoloma con agudeza visuol mejor de 20/30
2. Agudeza visual entre 20/30 y 20/59 o escotoma imporante
3. Gran escotoma o afectacion moderada de campos visualos, pero con
agudeza entre 20/60 y 20/99.
4. AMectacion grave de campos visuales © agudeza visual entre 20/100 y
20/200, o grado 3 con ogudeza del ojo mejor menor de 20/60.
5. Agudeza visual méaxima menor de 20/200 o grado 4 con ojo major con
ogudeza mencr de 20/60
6. Grado 5 con ogudeza visual del ojo mejor mencr de 20/60.

I

Funcién inlestinal y vesical

1. Ugera disgfuncion (urgencia o refencion) urinaria,

2. Moderada urgencia o retencién o escasa incontinencia urinaria,
3. Frecuente incontinencia.

4. Precisa sondoje urinanio.

5. Pérdida de la funcion vesicol,

6. Pérdida de la funcidn vesical e intestinal,

Deambulacion
10,0 = Muerte por EM
9,0-9,5= Dependencia Completa
Confinado a slila de
8,0-8,5= Cama-Silla, Aseo personal con ayuda ruedas o cama
7,0-7,5= Confinado a silla de ruedas Camina con ayuda
= (<5mt)
‘ 6,0-6,5= Necesita ayuda para caminar —— Camina con ayuda
: (50 mt 0 més)
5,0-5,5= Limitacién para la deambulacion u ofras tareas m—  Camina sin ayuda
(100 mt 0 mas)
4,0-4,5= Incapacidad moderada —  Camina sin ayuda
(300-500 mt 0 més)
3.0-3,5= Incapacidad leve moderada
2,0-2,5= Incapacidad Minima
Totalmente
1,0-1,5= Sin Incapacidad ambulatorio
0= Exploracién Normal

llustracion 1: Escala de discapacidad

para Esclerosis Multiple
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8.2.2 Evaluacion oftalmoldgica
La exploracién oftalmoldgica fue realizada por el Servicio de Oftalmologia y

consto de las siguientes exploraciones:

- Mejor agudeza visual corregida (MAVC), medida con optotipo ETDRS a tres

diferentes contrastes: 100%, 2,50% y 1,25%.

- Medicién de la SC utilizando los test de Pelli-Robson y CSV-1000E.

- Evaluacién de la vision cromatica utilizando el programa Vision color

recorder: tests de Farnsworth 15D y Lanthony 15D.

- Examen del segmento anterior.

- Pupilometria

- Tonometria de aplanacion.

- Fondo de ojo (evaluacidn del aspecto de la cabeza del nervio 6ptico).

-Tomografia de coherencia optica (OCT) con el dispositivo de dominio espectral
Cirrus HD (Carl Zeiss Meditec Inc, Dublin, CA). Se realizaron evaluaciones de
los espesores maculares, de la CFNR y de celulas ganglionares. Estas pruebas
fueron realizadas por el mismo operador, en tres momentos dentro de la misma

visita, utilizando una fijacion interna determinada por el aparato.

En el estudio referente a EA se aplicé el anélisis de espesor macular mediante la
aplicacion de cubo macular 512x128 y el analisis de la CFNR mediante la aplicacion de

cubo de disco éptico 200x200.
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En los estudios de EP y EM, ademés de estas dos aplicaciones, se utilizd la

referente a analisis de células ganglionares.

Todas las pruebas, tanto funcionales como estructurales, se realizaron en la

Unidad de Funcion Visual del Hospital Universitario Miguel Servet.

8.2.2.1. Estudio estructural de la CFNR

El estudio estructural de la CFNR se llevo a cabo mediante técnicas de analisis
digital de la imagen de Gltima generacion: OCT de alta definicién Cirrus HD.

La OCT, ideada en 1991 por Huang et al, nos permite obtener imagenes de
cortes histologicos de la retina y medir cuantitativamente in vivo el espesor de la CFNR y
de la macula. Este dispositivo se basa en hacer recorrer a un mismo rayo de luz dos
caminos diferentes, separandolo previamente en dos haces de luz. Uno de los caminos es
conocido (brazo de referencia) y el otro se dirige hacia el medio de estudio (brazo de
prueba), de manera que al volver a ser reflejados los dos haces en un mismo punto se
lleva a cabo la comparacion de las interferencias que ha sufrido el haz que ha recorrido el
camino desconocido con las que ha sufrido el que ha recorrido el camino conocido.
Mediante el analisis de este patron, podemos inferir las modificaciones que el medio
recorrido ha producido en nuestro haz de luz, permitiéndonos calcular la intensidad y el
retardo de la luz reflejada. Con todo ello se genera una imagen final con una escala de
colores donde las zonas de alta reflectividad, que corresponden a areas de blogqueo parcial
o total al paso de la luz (sangre, fibrosis...), se muestran en tonos rojo-blanco, mientras
que las imagenes de zonas de baja reflectividad, que implican baja o nula resistencia al

paso de la luz (quistes, edema...), Se muestran en el espectro azul-negro.
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SISTEMA OPTICO DEL OCT
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llustracion 2: Ejemplo del sistema éptico de la tomografia de coherencia éptica.

Hasta el afio 2006 los modelos de OCT se basaban en el sistema On Time
Domain, en el que la informacién profunda se adquiria secuencialmente moviendo el
espejo de referencia y se observaba el cambio en el tiempo del patrén de interferencia,
necesitandose 1,28 segundos para la adquisicion de las imagenes. Posteriormente
aparecio el sistema Fourier Domain o Spectral Domain, que utiliza en esencia el mismo
sistema que el On Time Domain, pero el espejo de referencia permanece estacionario y la
informacion profunda se obtiene con el andlisis de los patrones de interferencia en un
espectro de luces reflejadas y mezcladas. En vez de emplear un fotorreceptor, utiliza un
espectrometro de alta velocidad, lo que permite una deteccion mucho mas eficiente de
sefiales débiles, adquisicion de datos con mayor rapidez y mejor resolucion (que alcanza

axialmente un rango entre 6y 2 um).

El Cirrus HD OCT es capaz de realizar mediciones con una resolucion de 5/1000

milimetros y mas de 67.000.000 puntos de informacion diferentes mediante el uso de la

tecnologia de infrarrojos (ilustracion 3).
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llustracion 3: Dispositivo de tomografia de coherencia dptica de dominio Fourier de
ualtima generacion, Cirrus HD, Carl Zeiss.

Los protocolos empleados en este estudio para la medicion de los diferentes

pardmetros fueron los siguientes:

Protocolo Optic disc cube 200x200 para CFNR

OCT Cirrus  Protocolo macular 512x128 para espesores y volumen macular

Protocolo Andlisis células Ganglionares

- El protocolo de nervio 6ptico de la OCT Cirrus genera imagenes de un cubo
de 200 por 200 pum (ilustracion 4). Analiza 6 mm?3 de CFNR alrededor del
nervio optico. Los parametros analizados en nuestro estudio fueron el
espesor medio de la CFNR, el espesor en cada uno de los cuadrantes de la
CFNR (superior, inferior, temporal y nasal), y el espesor en los doce sectores
horarios alrededor del nervio optico. A los sectores horarios se les asigno un
numero de posicion (C1 a C12) siguiendo el sentido horario para el ojo

derecho y el sentido anti horario para el izquierdo.
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llustracion 4: Cuadrantes (arriba) y sectores horarios (abajo) en los que divide el OCT
Cirrus la CFNR.

El protocolo macular de la OCT Cirrus incluye un cubo macular de
512x128 pum que proporciona los valores de los espesores de la retina en las
nueve areas descritas en el Early Treatment Diabetic Retinopathy Study
(ETDRS) (ilustracion 5). Este estudio divide la mécula en 9 areas definidas
por tres circulos ubicados a 1, 3, y 6 mm; estos dos ultimos a su vez estan
divididos en cuatro cuadrantes: superior, inferior, nasal y temporal. El area 1
representa la fovea. Las areas 2, 3, 4 y 5 forman el anillo interno y las areas
6, 7, 8 y 9 forman el anillo externo. Los parametros recogidos en nuestro
estudio fueron el espesor medio y el volumen macular total calculado en el

anillo de 6 mm de diametro.
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llustracion 5: Arriba: cubo macular donde se observa la numeracién de las 9 areas segun
el ETDRS. Abajo: Representacion del espesor macular en los diferentes sectores con OCT
Cirrus.

- El andlisis de segmentacion de las capas retinianas también ofrece medidas
del espesor de la capa de células ganglionares (ilustracion 6) evaluando 6
areas de un cubo macular (sectores superior, superonasal, inferonasal,
inferior, inferotemporal y superotemporal) y medidas de la media y el
minimo de CCG mas la capa plexiforme interna (IPL: Inner Plexiform
Layer). Se selecciona el minimo porque la porcién mas fina de GCL+IPL en

la region perifoveal se considera indicativa de dafio de células ganglionares.
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llustracion 6: Representacion del espesor en sectores de la capa de células ganglionares de
la retina con OCT Cirrus.

8.2.2.2 Estudio funcional
El estudio funcional realizado incluyd la medicion de la AV, SC y los test de vision

cromatica.

- La medicién de la agudeza visual puede realizarse mediante diferentes escalas,
siendo la prueba mas utilizada para la evaluacion de la funcién visual. La AV se define
como la capacidad para distinguir dos elementos separados de un objeto e identificarlos
como un todo, y se cuantifica como el angulo minimo de separacion entre dos objetos que
permite distinguirlos como objetos separados. Evalta la funcién macular e informa de la
precision del enfoque retiniano, de la integridad de los elementos neuroldgicos del ojo y
de la capacidad interpretativa del cerebro.

En este estudio se empled el optotipo de ETDRS (Early Treatment Diabetic
Retinopathy Study) (ilustracion 7) con la finalidad de evaluar la funcion visual de forma
mas precisa, estandarizada y reproducible. Se trata del optotipo mas usado en
investigacion, y es el test estdndar mundial para medir la baja vision. El optotipo
ETDRS esta basado en la carta logaritmica de Bailey-Lovie’*. Cada fila, tiene el mismo

namero de letras, concretamente, cinco. Ademas, el espacio entre ellas es proporcional
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al tamafio de las letras y la separacion entre filas, también. Cambiar de fila equivale a
aumentar o disminuir 0.1 unidades logaritmicas de AV. Los optotipos deben ser

igualmente legibles en cada nivel de AV.

ooooo

lustracion 7: Optotipo ETDRS de contraste 100%

Se evaluo la AV LogMAR a tres niveles de contraste diferente: 100% (usando la
carta ETDRS), 2,50% y 1,25% (AV a bajo contraste, usando las cartas de bajo contraste
Letter Charts-Precision Vision. LaSalle, IL-) (ilustracion 8). El porcentaje indica el
nivel de contraste, por ejemplo 100% representa letras negras sobre fondo blanco y
1,25% letras gris claras sobre fondo blanco. Las medidas se obtuvieron en vision
monocular bajo condiciones de luz controladas (fotopica: luminancia media de 85cd/m?,

mesopica alta; 5¢cd/m?, y mesépica baja 3cd/m?), con la mejor correccion.

llustracion 8: Cartas ETDRS de contraste 2,5% (izquierda) y de contraste 1,25%
(derecha) de contraste.
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- La sensibilidad al contraste (SC) es un indicador mucho mas sélido de la
funcién visual que la AV, La funcién de sensibilidad al contraste (CSF), en funcién de
la frecuencia espacial, establece de una forma muy fiable los limites de la percepcion
visual y esta relacionada con la capacidad del sistema visual para distinguir entre un

objeto y su fondo.

La SC es una técnica util y eficaz para evaluar la calidad de la vision. Para
determinar la SC de un sujeto, se utilizan como test redes sinusoidales caracterizadas
por una frecuencia espacial (que se mide en ciclos de red por grado de angulo visual

subtendido) y un contraste en luminancia, que adopta la definicion estandar:

L —-L

ax miti

L _+L.~

donde Lmax y Lmin son la luminancia maxima y minima respectivamente de la red en
cada ciclo. En la curva de SC se representa la visibilidad umbral (inversa del contraste
umbral) en funcién de la frecuencia espacial del estimulo. La visibilidad umbral es la
inversa del minimo valor de contraste que es capaz de percibir un sujeto para una
determinada frecuencia espacial. Asi, cuanto mayor sea la visibilidad menor es el
contraste minimo percibido y mayor, por tanto, la capacidad o sensibilidad del sujeto a

dicho estimulo.

Es una de las cualidades del sistema visual que primero se ve afectada en las

enfermedades neurodegenerativas como pueden ser la EA, la EP o laEM"3,
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Para evaluar esta caracteristica, en nuestro estudio hemos utilizado la carta de

letras de Pelli-Robson y el modelo CSV-1000E de Vector Vision.

El test de Pelli-Robson (ilustracion 9), consta de 8 lineas de letras. Cada linea
tiene 6 letras mayusculas con un tamafio de 4,9 x4,9 cm. Las letras de cada linea se
agrupan en dos grupos de tres, de tal manera que en cada triplete las letras tienen el
mismo contraste. El contraste decrece de un triplete al siguiente, incluso en la misma
linea. Las letras con mayor contraste son las superiores izquierdas, estableciéndose un
valor de 1 0 100%, y las de menor contraste son las inferiores derechas cuyo valor es de
0,006 o 0,6%. Se pasa de un triplete al siguiente cuando el paciente ve por lo menos dos
de las letras de dicho contraste, y se concluye la prueba cuando el paciente no ve
ninguna o solo una de las letras de cada trio. Se evalla de manera monocular y
binocular, a una distancia de 1 metro, con su mejor correccion, y bajo condiciones

fotépicas controladas (85cd/m?).
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llustracién 9: Test de Pelli-Robson.
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El test CSV-1000E se utiliza para la estandarizacion de la SC y el
deslumbramiento (ilustracion 10). El test CSV-1000E explora cuatro frecuencias
espaciales (3, 6, 12 y 18 ciclos por grado). La carta se compone de 4 filas con 17
parches circulares en cada una. Los estimulos se organizan en una doble hilera de
circulos, uno de los cuales es uniforme y el otro contiene al estimulo de un valor de
contraste determinado decreciente de izquierda a derecha en la misma linea. La tarea del
sujeto es determinar donde esta situado el test dentro de cada pareja de circulos. El
examinador, que conoce la respuesta correcta gracias al panel de control de respuestas,
debera anotar el nUmero correspondiente al Gltimo estimulo identificado correctamente,
para cada una de las cuatro frecuencias que componen el test. Cada valor de contraste
para cada frecuencia se transforma en una escala logaritmica de acuerdo a valores
estandarizados. Las pruebas se realizan de manera monocular a una distancia de 2,4

metros con su mejor AV corregida.
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llustracion 2: Test CSV 1000E con frecuencias espaciales de 3, 6, 12 y 18 cpg.
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- La exploracion de la vision cromatica permite valorar y cuantificar las
alteraciones en la percepcion de los colores. Estas anomalias de la vision del color pueden
ser congénitas o adquiridas. Las formas adquiridas aparecen desde en enfermedades
maculares hasta ambliopia; sin embargo, son las neuropatias las que muestran una mayor
y mas temprana afectacion de la vision de colores’. En alteraciones del nervio éptico,
como la neuritis Optica, generalmente se afecta la percepcion en el eje rojo-verde del
espectro y, con menor frecuencia, en el azul-amarillo, cuando la afectacién del nervio es
més severa’™. La discromatopsia (afectacion de la vision de los colores) puede detectarse
de forma sencilla mediante la visualizacion de un color monocular, que se obtiene

pidiendo al paciente que compare el color de un objeto rojo entre los dos 0jos.

El gold standard para identificar y clasificar los defectos de la vision cromatica
son los anomaloscopios, basados en igualar un espectro amarillo con una mezcla de
longitudes de onda rojo-verde. Por su complejidad y coste, su uso queda relegado al

ambito de la investigacion.

El procedimiento mas empleado para el diagnostico de discromatopsias son las
cartas pseudoisocromaticas de Ishihara, una serie de 38 laminas en las que el sujeto
debe identificar un objeto (nimeros) de cierto color sobre un fondo de otro color.
Aunque practico como método de cribado, es limitado a la hora de clasificar el tipo de
defecto (protan, deutan y tritan), que si se consigue con las pruebas de ordenacién
(Farnsworth D15 y Lanthony D15)"®"" que consisten en ordenar en secuencia una serie
de colores. Ademas, son especialmente Utiles para detectar y monitorizar defectos no

especificos, los mas frecuentes en trastornos adquiridos.
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En nuestro estudio, para la exploracion de la vision cromatica, se utilizaron las
pruebas Farnsworth 15D y Lanthony 15D integradas en el software Vision Color

Recorder (CVR, Optical Diagnosis, Inc., Beusichem, The Netherlands).

Se realizo el test de Farnsworth 15 y de Lanthony 15 con el programa Color
Vision Recorder, el cual nos permitio realizar un analisis de discriminacion cromatica
por ordenacion de los colores, incluyendo de forma simultanea el test de Farnsworth
100-hue (FM-100), Farnsworth - Munsell 15 D y de Lanthony 15 D. Tras la realizacion
de un test de ordenamiento, el procesamiento de los resultados nos llevo a un gréfico en
el que valoramos si existia 0 no un determinado eje de confusion, es decir, una
polaridad, que se suele simplificar en los términos «rojo-verde» (para defectos protan y

deuteran) o «azul-amarillo» (para defectos tritan) (ilustracion 11).

llustracion 11: Programa informatico Color Vision Recorder. Arriba: prueba de
ordenacion de colores. Abajo; grafico representando los ejes protan, deutan y tritan.
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Los protocolos Farnsworth D15 y L’Anthony D15, se usan a menudo para
diferenciar entre sujetos con pérdida severa de la vision de color y aquellos con defectos
medios 0 vision colorimétrica normal. Se analizan los pardmetros AC CCI que
representa el célculo del ratio entre el radio y la distancia entre picos, Conf angle que
representa el eje de la deficiencia de color, y el S-index que representa el paralelismo de
los vectores de confusién con el angulo de confusion personal”®". Todos estos
pardmetros evallan la severidad de la discromatopsia. Por ejemplo, una puntuacion AC
CCI mayor de 1 indica alteraciones en la visopercepcion del color. Cuanta mayor sea la

puntuacion en AC CCl y S-index, peor la condicion.

Los test se realizaron de forma monocular con la mejor vision corregida.

8.3. Variables
Una vez realizado todo el protocolo exploratorio, las variables que se

seleccionaron para nuestro estudio fueron:

-Variables de valoracidn neuroldgica: edad, sexo, tiempo de evolucion desde el
diagnostico, edad al diagnostico y puntuacion en las escalas de valoracion neuroldgica

antes descritas.

-Variables de valoracion oftalmoldgica: puntuacion de AV (escala ETDRS de
contrastes 100%, 2,5% y 1,25%), de SC (en test de Pelli-Robson, y en las 4 frecuencias
del test CSV1000E), parametros de los test de vision cromatica Farnsworth 15D y
Lanthony 15D (AC CCI, Conf angle, S-index), presion intraocular, color de la papila
(normal, palidez difusa, palidez sectorial), tamafio de excavacion papilar, espesores de la

CFNR, espesores y volumen macular y espesores de CCG medidos con OCT Cirrus HD.
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8.4. Recogida y analisis de datos

Todas las variables mencionadas fueron registradas en una base de datos

elaborada con el programa Microsoft Excel 2010.

Para los andlisis estadisticos se utilizaron los programas SPSS version 20.0
(SPSS Inc., Chicago, United States).

Previamente al anélisis de los datos, se comprob6 su ajuste a la normalidad
mediante el test de Kolmogorov-Smirnov. Se analizd la media y desviacién estandar de
cada una de las variables y, mediante un test de T de Student, se compararon las
diferentes variables entre el grupo de sanos y de pacientes. Para averiguar una correlacion
lineal entre los parametros funcionales y estructurales se utilizd el coeficiente de
correlacion de Pearson. Se considerd significacion estadistica a los valores con una P
menor a 0.05. La correccién de Bonferroni se aplicé en comparaciones maltiples.

Para una mejor comprension del anélisis de los datos, a continuacién se detalla
la técnica estadistica utilizada en los tres primeros trabajos de investigacion. El cuarto

articulo no se describe porque se trata de una revision.

1. Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes MlI,
Bambo MP, Pablo LE, Satue M. Visual dysfunction and its correlation
with retinal changes in patients with Alzheimer’s disease. Eye (Lond)

2017 (en prensa).

Se realiz6 un estudio transversal en el que se incluyeron un total de 24 pacientes
con EA leve o moderada (24 0jos) y 24 sujetos sanos (24 0jos), a los que se les realizo
una valoracion neuro-oftalmoldgica completa, se evalu6 la funcién visual (AV, SC y

color) y estructura retiniana (espesor macular y de la CFNR) mediante Cirrus HD OCT.
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Se comprobd la normalidad de la distribucion mediante el test de Kolmogorov-

Smirnov.

Los resultados de cada variable obtenidos en la exploracién fueron comparados
entre ambos grupos (EA y controles sanos), con el objetivo de detectar diferencias en
los resultados asociadas a la enfermedad. Se compararon las variables funcionales (AV,
SC y color) de pacientes con EA con sujetos sanos mediante la T de Student con

correccion de Bonferroni para comparaciones multiples.

Asi mismo, se compararon el volumen, espesor medio y espesores de los nueve
sectores maculares, correspondientes a las areas ETDRS; asi como los resultados en los
espesores de la CFNR para cada uno de los cuatro cuadrantes del disco Optico y su
espesor medio, entre ambos grupos (EA y controles sanos), mediante la T de Student
con correccion de Bonferroni para comparaciones multiples (nivel de significacion

p=0.0045 para el espesor macular, y p=0.010 para el espesor de la CFNR).

Se analizaron las correlaciones en el grupo de pacientes con EA entre los
pardmetros funcionales (AV, SC y color) y estructurales (espesor macular y de la
CFNR). El test utilizado para evaluar las correlaciones fue la P de Pearson, (nivel de

significacion p<0.05).

2. PoloV, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes Ml,
Larrosa JM, Pablo LE, Garcia-Martin E. Visual dysfunction and its
correlation with retinal changes in patients with Parkinson’s disease: an

observational cross-sectional study. BMJ Open 2016;6:009658.

Se realiz6 un estudio transversal en el que se incluyeron 37 ojos de 37 pacientes

con EP y 37 ojos de 37 sujetos sanos, a los que se realizd una exploracion neuro-
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oftalmoldgica completa, con OCT para andlisis estructural de la retina y nervio optico,
evaluando el espesor macular, la CFNR y el espesor de la CCG; asi como evaluacién de
los pardmetros de funcién visual utilizando la AV de alto y bajo contraste, la SC y la

percepcion del color.

Se comprobd la normalidad de la distribucion de las variables mediante el test de

Kolmogorov-Smirnov.

Los resultados de cada variable obtenidos en la exploracion fueron comparados
entre ambos grupos (EP y controles sanos) mediante un test de T de Student, con el

objetivo de detectar diferencias en los resultados asociadas a la enfermedad.

Los parametros funcionales se correlacionaron con los estructurales mediante la P

de Pearson, (nivel de significacion p<0.05).

3. Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes MI, Ara JR, Martin J,
Polo V, Larrosa JM, Pablo L, Garcia-Martin E. Relationship between
visual dysfunction and retinal changes in patients with multiple sclerosis.

PL0S ONE 2016;11(6):0157293.

Se incluyeron 84 pacientes con EM remitente-recurrente (84 ojos) y 84 sujetos
sanos (84 0jos), a los que se realizo una exploracion neuro-oftalmoldgica completa, con
OCT para analisis estructural de la retina y nervio éptico. Se evalud el volumen y el
espesor macular correspondiente a las 9 areas del ETDRS, la CFNR de los 4 cuadrantes
del nervio optico y el espesor de la CCG en sus 6 areas del cubo macular, con el
dispositivo Cirrus HD; asi como la funcién visual utilizando la AV de alto y bajo

contraste, la SC y la percepcion del color.
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Se comprobd la normalidad de la distribucion mediante el test de Kolmogorov-

Smirnov.

Los resultados de cada variable obtenidos en la exploracién fueron comparados
entre ambos grupos (EP y controles sanos) mediante un test de T de Student, con el
objetivo de detectar diferencias en los resultados asociadas a la enfermedad. Igualmente
se utilizo el test de la T de Student para encontrar diferencias entre el grupo de pacientes
con historia de neuritis optica frente a al grupo de pacientes sin historia de neuritis
optica (nivel de significacion p<0.05). Se utilizé la correccion de Bonferroni para

comparaciones multiples, evitando asi el incremento de falsos positivos.

Para encontrar diferencias estadisticamente significativas entre el grupo control
frente a los grupos de pacientes con o sin historia de neuritis dptica se utilizo el test

ANOVA, (nivel de significacion p<0.05).

Finalmente los pardmetros funcionales se correlacionaron con los estructurales
mediante la P de Pearson, (nivel de significacién p<0.05), aplicando igualmente la

correccion de Bonferroni.
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9. APORTACIONES DEL DOCTORANDO

Los articulos de la presente tesis doctoral aportan a la comunidad cientifica un
andlisis de pardmetros funcionales de la vision, que son herramientas inocuas para
valorar la afectacion visual en pacientes con las enfermedades neurodegenerativas de

EA, EPyEM.

Nuestro trabajo demuestra la correlacion entre la estructura retiniana medida con

OCT vy la funcion visual en dichas enfermedades neurodegenerativas.

El diagndstico y seguimiento de estas patologias, se ha basado tradicionalmente
en criterios clinicos, escalas de valoracion y alguna prueba de imagen; en muchos casos
de disponibilidad limitada en la practica clinica habitual y de alto coste econémico,

como es el caso de la resonancia magnética.

El estudio de la estructura retiniana mediante la OCT cumple con varios de los
requisitos para postularse como biomarcador en las enfermedades neurodegenerativas;
pues se trata de un procedimiento inocuo, no invasivo y sencillo, que permite realizar
una medicion rapida, objetiva, precisa, reproducible y coste-efectiva del espesor de la

retina y de la CCG.

Aunque la OCT, como ya se ha comentado anteriormente, es una prueba rapida y
sencilla, necesita de un minimo de quietud para adquirir las imagenes, que en ciertos
pacientes en estadios avanzados de las enfermedades neurodegenerativas se ve limitada

por el temblor, rigidez y/o alteraciones posturales.

La correlacion encontrada en nuestros trabajos, entre estructura retiniana y
funcién visual, nos permite afirmar que el uso de las pruebas funcionales en pacientes

gue presentan mala situacion motora, pero mantienen una buena funcion mental (como
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ocurre en los estadios tempranos de la EP o en la EM) y que no precisan de
colaboracion fisica, es una herramienta Util para aportar més informacion sobre el
estado de la enfermedad de una manera sencilla. Esto sugiere que el analisis con OCT
podrian utilizarse como screening ambulatorio en sujetos susceptibles, y en sujetos en
etapas preclinicas y/o clinicas, sin necesidad de acudir a centros hospitalarios, con el
consecuente ahorro de costes directos e indirectos. Bien es cierto que seria necesario

realizar mas estudios sobre el tema.

Nuestros resultados sugieren que el analisis de imagenes tomograficas de la retina
y el estudio de la funcion visual aplicadas a la practica clinica, pueden ser un buen
método para el diagnostico precoz de las enfermedades neurodegenerativas, asi como
para evaluar su progresion y la eficacia de los tratamientos basandose en la disminucion

o ralentizacion del dafio neuronal medido con estas herramientas.

Finalmente, estas investigaciones aportan un enfoque multidisciplinar de los
pacientes con EA, EP y EM, basado en la colaboracion entre Oftalmologia vy
Neurologia, donde la evaluacién neuroftalmoldgica jugaria un importante papel,

ayudando a optimizar el manejo de estos pacientes.
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What was known before:

Recent studies reported retinal thinning in AD patients compared with healthy subjects.AD patients
exhibit decreased color vision and contrast sensitivity, and other visual field deficits. Very few
published studies have assessed visual dysfunction in AD and its correlation with morphologic
parameters

What this study adds:
Patients with AD have visual dysfunction that correlates with structural changes evaluated by SD-OCT.
Macular measurements may be reliable indicators of visual impairment in AD patients.
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Abstract

Aim: To evaluate visual dysfunction and its correlation with structural changes in the retina in
patients with Alzheimer’s disease (AD).

Methods: Patients with AD (n=24) and controls (n=24) underwent evaluation of visual acuity
(VA), color vision (using the Farnsworth and L’ Anthony desaturated [D]15 color tests), and
contrast sensitivity vision (CSV; using the Pelli-Robson chart and CSV-1000E test) to measure
visual dysfunction. Structural measurements of the retinal nerve fiber layer (RNFL) and macular
thickness were obtained using spectral domain-optical coherence tomography (SD-OCT).
Results: CSV at three of the four spatial frequencies was significantly worse in AD patients than
in controls. Color vision was significantly affected in AD patients based on the Farnsworth color
test. Compared with controls, macular thinning was detected in all sectors except the fovea, and
the RNFL exhibited significant thinning in the superior quadrant and lower average thickness
(p<0.05). CSV was the functional parameter most strongly correlated with structural
measurements in patients with AD. Color vision was strongly associated with macular volume (r
>0.70, p<0.05). VA at different levels of contrast was associated with macular and RNFL
thickness.

Conclusions: Patients with AD had visual dysfunction that correlated with structural changes
evaluated by SD-OCT. Macular measurements may be reliable indicators of visual impairment

in AD patients.
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Introduction

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the most frequent
cause of dementia worldwide [1]. Although AD is most commonly associated with memory
deficits and cognitive impairment, patients with AD also exhibit alterations in sensory

perception, such as visual processing [2-4].

Recent studies reported retinal thinning in AD patients compared with healthy subjects,
especially in the macular area [5-7]. Defects in the retinal nerve fiber layer (RNFL) may be the
earliest sign of AD, even before damage to the hippocampus [8]. These findings may reflect

retinal ganglion cell death and axonal loss in the optic nerve beyond the effects of normal aging.

AD patients exhibit decreased color vision and contrast sensitivity, and other visual field deficits
that could account for dysfunction in different tasks of basic vision and visual cognition in this
disorder [9-11]. Several studies report a correlation between visual dysfunction and axonal loss
observed in the optic nerve in other neurodegenerative processes, such as multiple sclerosis and
Parkinson disease [12,13]. To our knowledge, however, very few published studies have

assessed visual dysfunction in AD and its correlation with morphologic parameters [14].

In the present study, we evaluated visual acuity (VA) using an Early Treatment Diabetic
Retinopathy Study (ETDRS) chart, contrast sensitivity vision (CSV) using the CSV-1000E test
and Pelli-Robson chart, and color vision using the Farnsworth and L"Anthony tests (by Color
Vision Recorder software) in AD patients and healthy controls to examine the association

between visual dysfunction and morphologic parameters.

Materials and Methods

Twenty-four patients with mild or moderate AD and 24 age- and sex-matched healthy
individuals were recruited for the study. All procedures adhered to the tenets of the Declaration
of Helsinki, and the local ethics committee approved the experimental protocol. All participants

provided informed consent to participate in the study. For cognitively impaired patients not able

72



92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

112,

112

113

114

115

116

117

118

119

120

124,

122

to give signed permission, legal tutors and family members provided signed consent, which was

approved by the local ethics committee.

AD diagnosis was based on the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition (DSM-IV) established criteria for dementia syndrome (Alzheimer’s type) [15] and the
National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINDS-ADRDA) [16] criteria for probable or
possible AD. A trained neurologist blind to the visual and retinal test results evaluated all
patients. The stage and severity of AD were determined by a trained neurologist using the
MMSE scale, which includes items such as orientation, recall, calculation, registration, attention,
repetition, comprehension, naming, reading, writing, and drawing. A score in of 30 on the
MMSE scale indicates 100% correct [17]. Disease severity was determined by MMSE score as
mild (18-24), moderate (10-18), or severe (<9). Disease duration was also recorded. Patients
with severe dementia and/or unable to perform the full exploration protocol due to their

functional status were excluded from the study.

Inclusion criteria were confirmed AD diagnosis; best-corrected visual acuity (BCVA) of 0.4 or
higher (using a Snellen chart) in each eye to allow for performance of the protocol; and
intraocular pressure less than 21 mmHg. Exclusion criteria were the presence of significant
refractive errors (=5 diopters of spherical equivalent refraction or 3 diopters of astigmatism),
intraocular pressure >21 mmHg; media opacifications; concomitant ocular diseases, including
history of glaucoma or retinal pathology; and systemic conditions that could affect the visual
system. Healthy controls had no history nor evidence of ocular or neurologic disease of any
nature; their BCVA was >20/30 based on the Snellen scale. Only one eye per subject was

randomly selected and included.

All subjects underwent a complete neuro-ophthalmic evaluation that included pupillary, anterior

segment, and funduscopic examination. Visual function was assessed by evaluating BCVA using
an ETDRS chart, CSV using the CVS-1000E test and Pelli-Robson chart, and color vision using

the Farnsworth D15 and L"Anthony D15 tests. Structural analysis of the retina was performed

using spectral domain (SD) optical coherence tomography (OCT) with the Cirrus high definition
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(HD) OCT (Carl Zeiss Meditec Inc, Dublin, CA), using two different applications: macular cube
512x128 applications (for macula thickness analysis) and optic disc cube 200x200 (for RNFL

thickness analysis).

Visual function evaluation

LogMAR visual acuity (VA) was evaluated at three different contrast levels: 100% (HCVA,
using ETDRS chart), 2.50%, and 1.25% (LCVA, using Low-Contrast Sloan Letter Charts -
Precision Vision, LaSalle, IL-), The percentage indicating the level of contrast, 1.e., 100%
representing black letters over white background and 1.25% light grey letters over white
background. All measurements were obtained under monocular vision and controlled lighting
conditions (photopic: mean luminance of 85 cd/m?, high mesopic: 5 cd/m?, and low mesopic: 3

2 . .
cd/m®) with best correction.

CSV was evaluated in our patients using the Pelli-Robson chart and the CVS-1000E test. The
Pelli-Robson chart comprises horizontal lines of capital letters. The letter sequences are
organized into groups of three (triplets) with two triplets per line. Within each triplet, all letters
have the same contrast. The contrast decreases from one triplet to the next, even within each line.
All patients were evaluated under monocular vision at a distance of 1 meter from the chart and
under controlled photopic conditions (85 cd/m?). The score corresponding to the last triplet of
letters seen by the patient was recorded.

The CSV-1000E instrument is used worldwide for standardized CSV and glare testing. All
patients were evaluated at a distance of 2.5 m from the chart under monocular vision at 4
different spatial frequencies (3, 6, 12, and 18 cycles per degree [cpd]). The chart comprised four
rows of patches. Each row presents 17 circular patches 1.5 inches in diameter. The first patch on
the far left in each row presents a very high contrast grating (sample patch). The remaining 16
patches appear in 8 columns across the row. In each column, one patch presents a grating and the
other patch is blank. The patches that present a grating decrease in contrast from left to right
across the row. The patient indicates whether the grating appears in the top patch or the bottom
patch for each column. A CSV curve, in which the visual threshold is represented for each spatial
frequency, was analyzed. Each contrast value for each spatial frequency was then transformed

mto a logarithmic scale according to standardized values.
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Color vision was assessed using the Color Vision Recorder program (CVR, Optical Diagnostics,
Beusichem, The Netherlands). The CVR software is designed for the Windows operating system
and analyzes chromatic discrimination by color classification. The CVR includes the classic test
of Farnsworth 100-hue, Farnsworth D15, and L’Anthony D15. All patients in the study were
evaluated using the Farnsworth D15 and L"Anthony D15 protocols (often used to differentiate
between subjects with severe loss of color vision and those with milder color defects or normal
color vision) and different output parameters, such as the Age-Corrected Color Confusion index
(AC CCI, which represents the ratio between the radius or distance between caps), the Confusion
angle (Conf angle, which represents the axis of color deficiency), and the Scatter index (S-index,
which represents the parallelism of confusion vectors to the personal confusion angle) were
recorded [18,19]. These parameters evaluate the severity of dyschromatopsia. A CCI score
higher than 1 indicates altered color vision perception; the higher the score, the worse the

condition. The tests were performed under monocular vision.

Morphologic evaluation

Structural measurements of the retina were obtained using the Cirrus OCT device. The same
experienced operator performed all scans and did not apply manual correction to the OCT
output. We used an internal fixation target because it provides the highest reproducibility [20]
and rejected poor-quality scans prior to data analysis. We based image quality assessment on the
signal strength measurement, which combines the signal-to-noise ratio with the uniformity of the
signal within a scan (scale 1-10, where 1 is categorized as poor image quality and 10 as
excellent). We included images with a score higher than 7 for evaluation. The Cirrus OCT
macular cube 512x128 application provides a macular volume measure and retinal thickness
values for nine areas that correspond to the ETDRS. These areas include a central 1-mm circle
representing the fovea, an inner ring measuring 3 mm in diameter, and an outer ring measuring 6
mm in diameter. The inner and outer rings are divided into four quadrants: superior, nasal,
inferior, and temporal. The Cirrus OCT optic disc protocol generates 200 x 200 cubic images
with 200 linear scans enabling analysis of the RNFL of a 6-mm?® area around the optic nerve. For
each scan series of RNFL measurements, we assessed the average, superior, inferior, temporal,

and nasal thickness.
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All data analyses were performed using SPSS software version 20.0 (SPSS Inc., Chicago, IL).
The Kolmogorov-Smirnov test was used to assess sample distribution. Due to the normal
distribution of the data, differences between evaluations of AD patients and healthy subjects
were compared using the Student’s t-test. The linear correlation between structural and
functional parameters was determined using Pearson’s correlation coefficient. Values of p less
than 0.05 were considered to indicate statistical significance. To avoid a high false positive rate,
the Bonferroni correction for multiple tests was calculated and the corrected p values were added

to the previously calculated data.

Results
Twenty-four patients with AD (48 eyes) and 24 healthy controls (48 eyes) were included in the
study. Mean age of the patients with AD was 74.42 + 8.88 years and the mean age of the healthy
controls was 72.94 £7.40 years. The two groups did not differ significantly in age (p=0.070), sex
(p=0.670), or intraocular pressure (p=0.540). Disease duration ranged from 12 months to 8 years
with a median of 4.17 years since diagnosis. Mean MMSE score was 15.54 £7.1.

Functional parameters

CSV was affected in patients at three of the four spatial frequencies of the CSV-1000E chart (3,
6, and 12 cpd) when analyzed based on the number of correct localized gratings (p=0.020,
<0.001, and 0.010 respectively). The Pelli-Robson results also revealed a significant reduction in
CSV in AD patients (p=0.020). Color vision results were also significantly affected in AD
(Farnsworth’s AC CCI and S-Index, and L"Anthony’s AC CCI). AD patients had a lower BCVA
at all three contrast levels of the ETDRS chart compared to controls, but the results did not differ
significantly. The results are shown in Table 1 and Figure 1A.

Structural parameters

OCT measurements indicated a significant thickness reduction in AD patients in 8 of the 9
macular sectors analyzed (Table 2, Figure 1B). The RNFL was significantly reduced in the
superior quadrant and the average thickness in AD patients (Table 2, Figure 1B).

Correlation between fimctional and structural parameters

CSV was the functional parameter most frequently associated with structural measurements in
AD. The Pelli-Robson CSV results correlated with macular thickness in almost all sectors (Table

3). Thickness in the outer superior (1=0.65, p<0.001), outer nasal (1=0.58, p<0.001), and outer
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temporal (1=0.66, p<0.001) regions, and average thickness (1=0.63, p<0.001) were most highly
correlated with CSV. The Pelli-Robson results also correlated with the RNFL thickness in
different sectors (Table 3). Measurements with the CSV-1000E at different spatial frequencies
correlated significantly with most macular parameters and with average and superior RNFL
thicknesses (Table 3).

A significant but mild association between color vision (measured with both Farnsworth and
L’Anthony tests) and the RNFL and macular parameters was found in isolated sectors (1<0.50,
p<0.05). Macular volume was strongly associated with the Farnsworth S-index (1=0.75,
p<0.001).

The VA ETDRS results correlated with macular and RNFL thickness: VA at 100% was
significantly associated with all outer macular sectors (Table 4) and macular average thickness
correlated with VA at 1.25% (1=0.60, p=0.014) and 2.50% (1=0.66, p<0.001). VA was
significantly correlated with average, superior, nasal, and inferior RNFL thickness at all contrast
levels (Table 4).

No correlation was observed between disease severity (as measured by the MMSE) and
ophthalmological parameters.

Correlations between structural and functional measurements in controls can be observed in

Supplemetary Tables 1 and 2.

Discussion

In the present study, we evaluated visual function parameters and assessed the association
between visual dysfunction and morphologic changes in the retina of 24 patients with AD.
Parameters corresponding to CSV at different spatial frequencies were altered in AD patients
compared with healthy subjects. Moreover, contrast sensitivity was the most affected parameter
in our study and correlated with most of the structural data. Color vision was measured with two
different tests, the Farnsworth and L' Anthony 15 D tests. These tests provide more sensitive
information than other tests for differentiating subjects with severe color vision loss from those
with milder color defects or normal color vision, and can also be used to evaluate acquired loss
of color vision. Both tests are color arrangement tests; however L’ Anthony color test is less
saturated and therefore more suitable for detecting mild color anomalies. In our study, the AC

CCI corresponding to both the Farnsworth and L' Anthony test was significantly altered in AD
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patients, corresponding to a worse arrangement of color caps in patients compared to controls.
Farnsworth S-Index was also altered in AD subjects suggesting a mild tendency toward

protanomaly.

Previous studies demonstrated alterations in sensory perception and visual processing in patients
with AD [2,21-23]. Contrast sensitivity (evaluated using the Sloan chart, computerized LogMAR
ETDRS chart, frequency-doubling technology, and backward masking tests) disturbances are
present even in the early stages of AD [24-26]. Color vision, especially in the blue tone, is altered
in these patients [27]. Disease pathology in the pre-cortical visual system is a possible
mechanism underlying these visual impairments observed in AD patients. The parvo- and
magnocellular ganglion cells are located in the RGC layer and result in two different pathways
which identify color and contrast at different frequencies [28]. The parvocellular RGCs are
smaller and more numerous than other RGCs and result in the parvocellular pathway, which is
specialized to identify patterns and color and is more sensitive to lower temporal frequency and
higher spatial frequency. The magnocellular pathway originates in the magnocellular RGCs
(larger and less numerous) and is more sensitive to higher temporal frequency and lower spatial
frequency. A third set of cells, the koniocellular RGCs (larger than parvocellular RGCs),
receives input from shortwave cones that are sensitive to blue-yellow tones [28-30]. Previous
studies (histologic, electroretinogram, and imaging studies) of these pathways suggest that the
general loss of magnocellular and parvocellular cells is likely to be an important contributory
mechanism for visual impairment in AD [31]. Deficits specific to the magnocellular pathway
have been identified in individuals with AD in the primary visual cortex and in brain areas
devoid of plaques and neurofibrillary tangles [32]. However, dendritic atrophy and loss of retinal
ganglion cells have also been observed in the retina of a mouse model of AD, where the
accumulation of beta-amyloid in the inner retinal layers was observed. This beta-amyloid
deposits may be responsible for the depletion of parvo- and magnocellular cells in the retina. The
loss of RGC was recently identified as the ultimate responsible for visual impairment in patients
suffering from another neurodegenerative process, multiple sclerosis [33]. Thus, a similar

process could be the cause of contrast and color deficiencies in AD individuals.
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Previous studies suggested that peripapillary RNFL,[34] macular thickness and the macular inner
retinal layers are affected in AD patients [5,7]. Macular RNFL thickness and total macular
volume measured by OCT have highly significant sensitivity and specificity for differentiating
mild AD patients from healthy subjects [7]. RNFL thickness has also been correlated with AD
severity, and is predictive of axonal damage in these patients [35]. Structural measurements,
especially those corresponding to the macular area, were affected in our patients, consistent with
previous reports [5,7]. Additionally and according to previous published research, our patients
did not present significant reduction in foveal thickness.[6, 35, 36] Patients with AD present with
decreased visual acuity and contrast sensitivity vision, which depend on large extent on the
foveal area. However, visual dysfunction in AD patients seems more likely to be caused by a
general loss of the retinal ganglion cells,[36, 37] which ultimately leads to the alteration of the
visual pathways responsible for contrast sensitivity and color vision.[31, 36] With the
introduction of new OCT software for segmentation and analysis of the different retinal layers,
recent studies have focused on the macular ganglion cell layer as responsible for the visual

changes in AD and as a possible biomarker for disease progression and neural damage.

To the best of our knowledge, there are no previously published reports of a correlation between
structural changes in the retina of AD patients and alterations observed in contrast sensitivity and
color vision. We found that contrast sensitivity results (with both CSV-1000E and Pelli-Robson
tests) and color vision (with both L’ Anthony and Farnsworth tests) were significantly associated
with structural changes, especially macular thickness (not with foveal thickness). Further studies
including the analysis of the retinal ganglion cell complex would be needed to better understand
the physiopathology of visual impairment in AD patients, and to determine the usefulness of
visual function tests in combination with OCT measurements as a biomarker of severity and

progression in AD.
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406  Titles and legends to figures
407

408  Fig. 1: (a) Contrast sensitivity curve in patients with Alzheimer’s disease and healthy controls. CPD,
409  cycles per degree. (b) Structural parameters measured by OCT in patients with Alzheimer’s disease and

410  healthy controls. RNFL, retinal nerve fiber layer.
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Table 4: Correlation between structural parameters (inacular and retinal nerve fiber layer
thickness) and visual acuity in different contrast levels in patients with Alzheimer’s disease.
Data in bold type correspond to statistically significant correlations (p value <0.05). Asterisk
indicates a significant difference by Pearson’s test after Bonferroni correction for multiple tests

(p<0.0045 for macular thickness; p<0.010 for RNFL thickness).

STRUCTURAL AV ETDRS p AV ETDRS p AV ETDRS p
PARAMETERS 100% 2.5% 1.25%

MACULAR THICKNESS

Fovea 0.21 0.150 0.22 0.140 0.17 0.230
Inner superior sector 0.25 0.090 0.19 0.190 0.30 0.040
Inner nasal sector 0.18 0.210 0.12 0.410 0.18 0.210
Inner inferior sector 0.33 0.020 0.21 0.150 0.26 0.070
Inner temporal sector 0.16 0.280 0.09 0.540 0.19 0.200
QOuter superior sector 0.46 <0.001* 0.36 0.010 0.45 <0.001*
Outer nasal sector 0.40 <0.001* 0.25 0.080 0.37 0.010
Outer inferior sector 0.42 <0.001* 0.17 0.240 0.27 0.060
Outer temporal sector 0.40 <0.001* 0.37 0.010 0.40 <0.001*
Average thickness 0.24 0.360 0.66 <0.001* 0.60 0.010
Macular volume 0.34 0.160 0.41 0.080 0.34 0.160
RNFL THICKNESS

Average -0.42 <0.001* -0.58 <0.001* -0.56 <0.001*
Superior quadrant -0.39 <0.001* -0.50 <0.001* -0.45 <0.001*
Nasal quadrant -0.10 0.480 -0.32 0.020 -0.33 0.020
Inferior quadrant -0.37 0.010* -0.46 <0.001* -0.44 <0.001*
Temporal quadrant -0.25 0.080 -0.21 0.140 -0.28 0.050

Abbreviations: RNFL, retinal nerve fiber layer; VA, visual acuity; ETDRS, Early Treatment

Diabetic Retinopathy Study.
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Supplementary table 2: Correlation between structural parameters {(macular and retinal nerve
fiber laver thickness) and visual acuity in different contrastlevels in healthy controls. Datain
bold tvpe comespond to statisticallv significant comrelations (p value <0.05). Asteriskindicates a
significant difference bv Pearson’s test after Bonferroni correction for multiple tests (p=<0.0045

for macular thickmess; p=0.010 for RNFL thickness).

STRUCTURALPARAMETERS | AV ETDRS p AV ETDRS p AV ETDRS P
100% 2.5% 1.25%
MACULAR THICKNESS
Foveo 0.23 0.215 0.19 0.228 0.20 0.148
Inner superor sector 0.26 0.217 0.22 0.096 0.26 0.013
Inner nasal sector 0.20 0.287 0.15 0.550 0.22 0.380
Inner inferior sector 0.29 0.034 0.26 0.348 0.31 0.098
Inner temporal sector 0.17 0.203 011 0431 0.25 0.334
Outer superior sector 0.46 <0.001%* 0.40 <0.001%* 0.47 <0.001*
Outer nasal sector 0.42 <0.001* 0.26 0.021 0.40 <0.001%*
Outer inferior sector 0.39 <0.001% 021 0.137 0.33 0.045
Outer temporal sector 0.44 <0.001%* 0.40 <0.001%* 0.42 <0.001*
Averoge thickness 0.29 0457 0.59 <0.001* 0.54 <0.001*
Macular valume 0.37 0.401 0.44 0111 0.29 0.160
RMFL THICKNESS
Averoge -0.30 <0.001% -0.60 <0.001% -0.57 <0.001*
Superior quadrant -0.40 <0.001% -0.47 <0.001% -0.48 <0.001%*
Nasal quadrant -0.15 0.009 -0.36 <0.001% -0.40 <0.001*
Inferior quadrant -0.41 0.010% -0.51 <0.001* -0.46 <0.001*
Temporal quadrant -0.24 0.076 -0.25 0.090 -0.25 0.110

Abbreviations: RNFL, retinal nerve fiber laver; VA, visual acuity; ETDRS, Early Treatment

Diabetic Retinopathy Study.
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ABSTRACT

Objectives: To evaluate visual dysfunction and its
correlation with structural changes in the retina in
patients with Parkinson’s disease (PD).

Methods: Patients with PD (n=37) and controls
{(n=37) were included in an observational cross-
sectional study, and underwent visual acuity (VA),
colour vision (using the Famsworth and Lanthony
desaturated D15 colour tests) and contrast sensitivity
vision (CSV; using the Pelli-Robson chart and CSY
1000E test) evaluation to measure visual dysfunction.
Structural measurements of the retinal nerve fibre layer
(RNFL}, and macular and ganglion cell layer (GCL)
thicknesses, were obtained using spectral domain
optical coherence tomography (SD-CCT). Comparison
of obtained data, and correlation analysis between
functional and structural results were performed.
Resulis: VA (in all different contrast levels) and all
CSV spatial frequencies were significantly worse in
patients with PD than in controls. Colour vision was
significantly affected based on the Lanthony colour
test. Significant GCL loss was observed in the
minimum GCL+inner plexiform layer. A clear tendency
towards a reduction in several macular sectors {central,
outer inferior, outer temporal and superior (inner and
outer}} and in the temporal quadrant of the RNFL
thickness was observed, although the difference was
not significant. CSV was the functional parameter most
strongly correlated with structural measurements in
PD. Colour vision was associated with most GCL
measurements. Macular thickness was strongly
correlated with macular volume and functional
parameters (r>0.70, p<0.05).

Gonclusions: Patients with PD had visual dysfunction
that correlated with structural changes evaluated by
SD-OCT. GCL measurements may be reliable indicators
of visual impairment in patients with PD.

INTRODUCTION

Foveal vision alterations are associated with
Parkinson’s disease (PD), and seem to be
caused by dysfunction of the intraretinal
dopaminergic circuitry and final retinal

Strengihs and limitations of this study

= This study includes a complete assessment of
visual function parameters and the evaluation of
different retinal structures using spectral domain
optical coherence tomography in patients with
Parkinson’s disease.

m There are only two other published articles
evaluating the association between visual dys-
function and morphological parameters. Results
provided by these previous studies differ from
our results, possibly due to different measure-
ment methods and sample size.

= Colour vision in our study was assessed by
Lanthony and Farnsworth D15 colour tests,
which may provide more specific information
about colour deficiencies. These tests are not
commonly used to evaluate colour deficiencies
in patients with PD.

= An important [imitation to our study is the inclu-
sion of one randomly selected eye per patient.
The incorporation of both eyes of each patient in
Parkinson’s disease studies is usually recom-
mended due to asymmetrical involvement of the
retina in this process.

output to the brain." Recent studies demon-
strated retinal thinning in patients with PD
compared with healthy participants.®™

Several studies report a correlation
between functional disability and axonal loss
observed in the optic nerve in multiple scler-
osis, another neurodegenerative process.®
Patient with PD are also reported to have
decreased contrast sensitivity and colour
vision, and altered visual evoked poten-
tials." *'* To our knowledge, however, very
few studies have assessed visual dysfunction
in PD and its correlation with morphological
pammeters.14 15

In the present study, we evaluated visual
acuity (VA), using an Early Treatment
Diabetic Retinopathy Study (ETDRS) chart,

BM)
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contrast sensitivity vision (CSV), using the CSV-1000E
test and Pelli-Robson chart, and colour vision, using the
Farnsworth and Lanthony tests in patients with PD and
healthy controls, to examine the association between
visual dysfunction and morphological parameters.

MATERIALS AND METHODS

Thirty-seven eyes of 37 patients with definite PD and 37
eyes of 37 age-matched and sex-matched healthy indivi-
duals were recruited for an observational cross-sectional
study. The study was performed at Miguel Servet
University Hospital in Zaragoza, Spain, and all evalua-
tions were performed in one single visit. All procedures
adhered to the tenets of the Declaration of Helsinki,
and all participants provided informed consent to par-
ticipate in the study.

The diagnosis of PD was based on standard clinical
and neurocimaging criteria.'® Information about disease
severity was assessed using the HoehnYahr scale’” and
the Unified Parkinson Disease Rating Scale part III
score (UPDRS III).18 Disease duration and treatment
were recorded. Exclusion criteria were the presence of
significant refractive errors (>b dioptres of spherical
equivalent refraction or 3 dioptres of astigmatism);
intraocular pressure>21 mm Hg; media opacification;
concomitant ocular diseases, including history of glau-
coma or retinal pathology; and systemic conditions that
could affect the visual system. The healthy controls had
no history and no evidence of ocular or neurological
disease of any nature; their best-corrected VA (BCVA)
was >20/30 based on the Snellen scale.

All participants underwent a complete neuro-ophthal-
mic evaluation, which included pupillary, anterior
segment and funduscopic examination. Visual function
was assessed by evaluating BCVA, using an ETDRS chart,
CSV, using the CVS-1000E test and Pelli-Robson chart,
and colour vision, using the Farnsworth desaturated D15
and Lanthony desaturated D15 tests. Structural analysis
of the retina was performed using spectral domain (SD)
optical coherence tomography (OCT) with a Cirrus
high definition OCT (Carl Zeiss Meditec Inc, Dublin,
California, USA), which included three different proto-
cols: macular protocol (for macular thickness analysis),
retinal nerve fibre layer (RNFL) protocol and ganglion
cell protocol (for individual analysis of this layer).

LogMAR VA was evaluated at three different contrast
levels: 100% (HCVA, using ETDRS chart), 2.50% and
1.25% (LCVA, using Low-Contrast Sloan Letter Charts,
Precision Vision, LaSalle, Illinois, USA), with the per
centage indicating the level of contrast, that is, 100%
representing black letters over white background and
1.25% representing light grey letters over white back-
ground. All measurements were obtained under mon-
ocular vision and controlled lighting conditions with
best correction.

Contrast sensitivity provides more complete informa-
tion about visual function than do VA tests. CSV was

evaluated in our patients, using the Pelli-Robson chart
and the CVS-1000E test. The Pelli-Robson chart com-
prises horizontal lines of capital letters organised into
groups of three (triplets), with two triplets per line.
Within each triplet, all letters have the same contrast.
The contrast decreases from one triplet to the next,
even within each line. All patients were evaluated under
both monocular and binocular vision at a distance of
1 m from the chart, and under controlled fotopic condi-
tions (85 cd/m%). The score corresponding to the last
triplet of letters seen by the patient was recorded.

The CSV-1000E instrument is used worldwide for stan-
dardised CSV and glare testing. All patients were evalu-
ated at a distance of 2.5m from the chart, under
monocular vision, at four different spatial frequencies
(3, 6, 12 and 18 cycles per degree (cpd)). The chart
comprises four rows with 17 circular patches each. The
patches present a grating that decreases in contrast,
moving from left to right across the row. The patient
indicates whether the grating appears in the top patch
or the bottom patch for each column. Each contrast
value for each spatial frequency was transformed into a
logarithmic scale according to standardised values.

Colour vision was assessed using the Color Vision
Recorder (CVR) program. CVR software analyses chro-
matic discrimination by classification of colours. The
program includes the classic test of Farnsworth 100-hue
(FM-100), Farnsworth-Munsell D15 and Lanthony D15.
All patients in the study were evaluated using the
Farnsworth-Munsell D15 and Lanthony D15 protocols,
and different output parameters such as the confusion
index (C-index), the colour confusion index (CCI), the
confusion angle (Conf An§) and the scatter index
(S-index) were recorded.’® *° The tests were performed
under monocular vision.

Structural measurements of the retina were obtained
using the Cirrus OCT device. The same experienced
operator performed all scans and did not apply manual
correction to the OCT output. We used an internal fix-
ation target because it provides the highest reproducibil-
ity and rejected poor quality scans prior to data analysis.
The Cirrus OCT macular cube 512x128 protocol pro-
vides a macular volume measure and retinal thickness
values for nine areas. These areas include a central
1 mm circle representing the fovea, and inner and outer
rings measuring 3 and 6 mm in diameter, respectively.
The inner and outer rings are divided into four quad-
rants each. The Cirrus OCT optic disc protocol gener-
ates images with 200 linear scans enabling analysis of the
RNFL of a 6 mm® area around the optic nerve. For each
scan series of RNFL measurements, we assessed the
average, superior, inferior, temporal and nasal thickness.
Cirrus segmentation analysis for retinal layers also pro-
vides measurements of the ganglion cell layer (GCL)
thickness, evaluating six areas of the macular cube
(superior, superonasal, inferonasal, inferior, inferotem-
poral and superotemporal sectors), and measurements
of the average and minimum GCL plus the inner
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Table 1 Epidemiclegical and disease characteristics of patients with PD and healthy participants, and statistical significance {p}

Parameter Controls Parkinson disease p Value
Number of eyes (n} 37 37 -

Age, years, range 68 (60-76) 69 (58-74) 0.361
Men:women (% of men} 24:13 (64.9) 23:14 (62.2} 0.441
Intraocular pressure 15.58 (2.71} 15.12 (2.98} 0.720
Disease duration, years, mean (SD} - 13.2 6.77) -
Hoehn-Yahr, mean (SD} - 2.7 (0.64) -
UPDRS lll, mean (SD} - 25.06 (8.24) -

UPDRS lII, Unified Parkinson Disease Rating Scale part Il

plexiform layer (GCL+IPL) value of a set of 360 spokes,
where each average represents the mean number of the
pixels along the spoke that lies within the measurement
annulus. The minimum is selected because the thinnest
portion of the GCL+IPL in the perifoveal region is con-
sidered to indicate damage to the ganglion cells.

All data analyses were performed using SPSS software
V.20.0 (SPSS Inc, Chicago, Illinois, USA). Owing to the
parametric distribution of the data, differences between
evaluations of patients with PD and healthy participants
were compared using Student’s t test. To avoid a high
false-positive rate, the Bonferroni correction for multiple
comparisons was calculated. The level of significance for
each variable was established based on Bonferroni
calculations.

The linear correlation between structural and func-
tional parameters was determined using Pearson’s cor-
relation coefficient. Values of p<0.05 were considered to
indicate a significant correlation. Each eye was consid-
ered separately, and one eye from each patient was ran-
domly selected for analysis.

RESULTS
Thirty-seven patients with PD and 37 healthy controls
were included in the study. The mean age of the
patients with PD was 69 years (range 58-74 years) and
the mean age of the healthy controls was 68 years
(range 60-76 years). Age (p=0.361), sex (p=0.441) and
intraocular pressure (p=0.720) did not differ signifi-
cantly between healthy controls and patients with PD.
Mean time from diagnosis of PD was 13.2 years. The
median Hoehn-Yahr stage was 2.7, and the stage of PD
based on the UPDRS III was 25.06 (range 7-39; table 1).
Treatment was divided into three different categories:
‘drugs that enhance dopamine levels’ {(carbidopa, levo-
dopa and rasagiline), ‘dopaminergic drugs’ (pramipex-
ole, ropirinol and rotigotine) and ‘other’(amitriptiline,
propranolol and clonazepam). ‘Drugs that enhance
dopamine levels’ was the most prescribed category (89%
of patients), and combination therapy with levodopa
and carbidopa was the most frequent treatment (44%).
Sixty-four per cent of treatments were categorised as
‘dopaminergic’, most of which were used in combin-
ation with drugs included in the previous category. A

small percentage of patients (9%) were prescribed drugs
with no dopaminergic effects.

Functional parameters

Patients with PD had a lower BCVA at all three contrast
levels of the ETDRS chart compared with the controls
(0.18+0.26 in patients vs —0.065£0.9 in controls at 100%,
p=0.001; 0.59+0.21 vs 0.44+0.13 at 2.50%, p=0.010; and
0.61+0.23 vs 058+0.16 at 1.25%, p=0.009). CSV was
affected in patients at all four spatial frequencies of the
CSV 1000E chart (3, 6, 12 and 18 cpd) when analysed
based on the number of correct localised gratings
{p=0.001, p<0.001, p<0.001 and p=0.004, respectively).
The PelliRobson results also revealed a significant
reduction in CSV in patients with PD (1.71 in patients vs
1.89 in controls, p=0.02). Colour vision (Conf Angle in
Lanthony test) was also affected in PD. The results are
shown in table 2.

Structural parameters

Based on Bonferroni corrections, OCT measurements
indicated a significant difference in the minimum GCL
+IPL value (80.18£6.19 wvs 82.45+3.60 pm; p=0.005).
However, we observed a clear tendency towards a reduc-
tion in superior macular sectors in the outer inferior,
outer temporal and central macular thickness in patients
with PD compared with controls: the p value for these
variables was <0.05 but did not meet Bonferroni signifi-
cance (results are shown in table 2). The segmentation
analysis revealed a tendency towards reduced GCL in
patients with PD in the superior (81.64+7.08 pm in
patients vs 8455+4.32m in controls; p=0.032) and
superonasal sectors (81.04+7.23 vs 85.28+4.78 pm;
p=0.029); and the RNFL was reduced in the temporal
quadrant in patients with PD (table 3). These para-
meters, however, did not meet the level of significance
established by Bonferroni correction.

Correlation between functional and structural parameters

CSV was the functional parameter most frequently asso-
ciated with structural measurements in PD. The
Pelli-Robson CSV results correlated with GCL thickness
in all sectors, although the association was not strong
(r<0.5). The superonasal (r=0.40, p=0.010), inferonasal
(r=0.40, p=0.010), inferior (r=0.43, p=0.005),

Polo V, et al. BMJ Open 2016;6:6009658. doi:10.1136/bmjopen-2015-009658
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Table 2 Mean and SD of visual functicnal parameters in healthy contrels and paticipants with Parkinsen’s disease

Parkinson’s disease

Healthy controls patients
Mean SD Mean SD Significance (p)

VA ETDRS 100 —0.06 0.096 0.18 0.26 0.001*
VA ETDRS 2.5 0.44 0.13 0.59 0.22 0.010*
VA ETDRS 1.25 0.58 0.16 0.62 0.23 0.009*
Pelli-Rebsen 1.89 0.11 1.71 0.17 0.002*
CSV 1000 3 cpd 1.72 0.16 1.49 0.35 0.001*
CSV 1000 6 cpd 1.94 0.13 1.62 0.34 <0.001*
CSV 1000 12 cpd 1.62 0.17 1.26 0.41 <0.001*
CSV 1000 18 cpd 1.11 0.22 0.73 0.34 0.004*
Farnsworth AC CCI 1.11 0.22 0.73 0.34 0.851

Farnsworth C-index 1.10 0.20 1.24 0.42 0.093
Farnsworth CCI 1.07 0.12 1.14 0.24 0.110
Farnsworth Conf Angle 63.90 11.15 65.84 7.49 0.392
Farnswerth S-index 1.56 0.22 1.64 0.39 0.278
Farnswotth time 78.67 28.96 82.91 33.10 0.616
Lantheny AC CCI 1.05 0.19 1.02 0.18 0.489
Lanthony C-index 1.43 0.39 1.64 0.53 0.058
Lanthony CCI 1.30 0.23 1.44 0.37 0.066
Lanthony Conf Angle 62.31 14.74 71.91 9.25 0.002*
Lanthony S-index 1.69 0.43 1.95 0.48 0.020
Lanthony time 77.14 25.99 84.09 39.31 0.431

The asterisk indicates those values with statistical significance after Bonferroni correction for multiple tests {p<0.0125 for VA ETDRS 100,
2.50 and 1.25; p<0.0125 for Pelli-Robscon and CSV 1000E measurements; p<0.0083 for Farnsworth and Lanthony tests).

AC CCl, age-corrected colour confusion index; CCl, colour confusicn index; C-index, confusion index; Conf Angle, confusicn angle; cpd,
cycles per degree; ETDRS, Early Treatment Diabetic Retinopathy Study; PD, Parkinson's disease; S-index, scatter index; VA, visual acuity.

superotemporal sector (r=0.43, p=0.006) and average
GCL+IPL (r=0.45, p=0.004) values had the highest corre-
lations. The Pelli-Robson results also correlated with the
thickness in different sectors of the RNFL (average,
superior and inferior sectors). Measurements with the
CSV 1000E at different spatial frequencies correlated sig-
nificantly with most GCL measurements. The superona-
sal (r=0.40, p=0.013) and superotemporal (r=0.44,
p=0.006) thickness, average GCL+IPL thickness {r=0.40,
p=0.012) and the minimum GCL+IPL (r=0.40, p=0.011)
at a spatial frequency of 6 cpd; and the superotemporal
(r=0.41, p=0.01) thickness and the minimum GCL+IPL
thickness (r=0.43, p=0.006) at a spatial frequency of
18 cpd, had the strongest correlations between CSV
1000E and GCL thickness. Spatial frequencies of 6 and
18 cpd were strongly correlated with average macular
thickness (r=0.79, p=0.012; r=0.77, p=0.016, respectively)
and macular volume (r=0.78, p=0.013; r=0.78, p=0.014,
respectively, figure 1).

Colour vision assessed by the Lanthony test was also
associated with the structural parameters: the C-index
and CCI results were significantly correlated with all
outer macular parameters and most of the GCL mea-
surements (see table 4). A significant association
between colour vision and the RNFL parameters was
only found in isolated sectors (see table 4).

The strongest correlation was between the average
macular thickness and macular volume, and the Lanthony
CCI, Cdndex and S-dndex results. No significant

correlations were found between the Farnsworth’s test
parameters and structural measurements.

The VA ETDRS results correlated strongly with average
macular thickness and macular volume {see table 5,
figures 2 and 3). There were significant but mild associa-
tons between the GCL parameters and VA at 100%
{superonasal, inferonasal and average GCLA+IPL thick-
ness, r=—0.38, p=0.016; r=—0.35, p=0.016; and r=0.35,
p=0.029, respectively) and 2.50% (superonasal sector, r=
—0.36, p=0.023).

There was a significant correlation between
Hoehn-Yahr score and VA contrast level 2.50% (r=0.48,
p=0.040), and CS measured with CSV 1000 at a space
frequency of 12 cpd (r=—0.59, p=0.038). No correlations
were detected between structural and disease severity
parameters.

DISCUSSION

In the present study, we evaluated the visual function
parameters, and assessed the association between visual
dysfunction and morphological changes in the retina of
37 patients with PD. Parameters corresponding to VA at
different contrast levels, and all CSV test results, were
altered in patients with PD in comparison with healthy
participants, prior to and after statistical correction for
multiple tests. Moreover, contrast sensitivity was the most
affected parameter in our study and correlated with
most of the structural data. Colour vision was measured
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Table 3 Mean and SD of structural parameters (RNFL, GCL and macular thicknesses} obtained with the Cirrus HD optical
coherence tomography device in healthy controls and paricipants with Parkinsen’s disease

Controls Parkinson’s disease
Structural parameters Mean SD Mean SD p Value
Macular measurements
Central macular thickness 254.75 17.903 248.96 17.765 0.028
Inner superior macular thickness 327.34 13.094 325.73 19.329 0.019
Inner nasal macular thickness 328.52 13.263 325.45 17.098 0.091
Inner inferior macular thickness 326.14 13.179 324.82 17.921 0.106
Inner tempaoral macular thickness 315.90 13.615 312.82 15.760 0.945
Quter supetior macular thickness 284.76 9418 279.44 17.981 0.008
Quter nasal macular thickness 302.41 12.167 299.18 17.064 0.074
Quter inferior macular thickness 277.79 10.755 273.76 16.798 0.045
Quter temporal macular thickness 271.52 10.992 266.23 18.987 0.013
GCL thickness
Superior 84.55 4.323 81.61 7.087 0.032
Superonasal 85.28 4.780 81.04 7.234 0.029
Inferonasal 84.66 5.314 81.82 7.521 0.135
Inferior 84.34 5.052 81.91 6.252 0.389
Inferotemporal 85.79 4.003 83.73 4.860 0.233
Temporal 83.76 3.324 82.27 5.312 0.069
Average IPL+GCL 84.83 4.071 82.73 6.230 0.095
Minimum IPL+GCL 82.45 3.601 80.18 6.194 0.005*
RNFL thickness
Average 96.17 6.714 94.88 11.505 0.105
Superior 117.90 10.965 118.68 16.861 0.115
Nasal 73.59 12.724 72.40 15.182 0.345
Inferior 128.14 14.060 123.20 22.907 0.075
Temporal 64.97 8.218 61.48 10.553 0.027

The asterisk indicates those values with statistical significance after Bonferroni correction for multiple tests (p<0.0055 for macular
measurements; p<0.0062 for ganglion cell measurements and p<0.01 for RNFL measurements).
GCL, ganglion cell layer; HD, high definition; IPL, inner plexiform layer; RNFL, retinal nerve fibre layer.

using two different tests, the Farnsworth and Lanthony
15 D tests. These tests provide information for differenti-
ating participants with severe loss of colour vision from
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Figure 1 Correlation between the average macular thickness
and contrast sensitivity vision as measured with the CSV
1000E test, at a spatial frequency of 6 cycles per degree, in
patients with Parkinson’s disease. CSV, contrast sensitivity
vision.

those with milder colour defects or normal colour
vision, and also can be used to evaluate acquired loss of
colour vision. In our study, only the Lanthony Conf Ang
was significantly altered in patients with PD. The
Lanthony test is less saturated than the Farnsworth
colour test, thus it is designed to detect more subtle
colour deficiencies. Our patients performed worse than
controls in both tests (higher C-dndex and S-index,
reaching ranges similar to protanomalies) although
these differences did not reach statistical significance as
established by Bonferroni correction. Lanthony S-index
p value was <0.05, indicating that our patients had a
(subtle) tendency to protanomaly (S-index of 1.95).

One important limitation of this study is that only one
eye was tested per person. Some recent studies suggest
asymmetrical involvement of the retina in PD and rec-
ommend the incorporation of both eyes of each patient
in the study.21 Thus, the diagnostic yield in this study
may have been lowered by including a potentially lesser
affected eye. In a similar way, including a randomly
selected eye could be inappropriate for other neuro-
logical conditions, for example, a tumour compressing
one optic nerve. However, incorporating both eyes of a
patient may sometimes be controversial since minimum
symmetric structural and functional alterations could
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have been masked and generated a per cent of depend-
ence between measurements.

Previous studies have indicated that patients with PD
lose foveal contrast sensitivity regarding patterns to
which normal observers are most sensitive (ie, requiring
the least contrast for detection).® ¥ Ganglion cells in the
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Figure 2 Correlation between the average macular thickness
and visual acuity as measured with ETDRS optotype ata
contrast level of 100% in patients with Parkinson’s disease.
ETDRS, Early Treatment Diabetic Retinopathy Study.

retina show adaptation to visual contrast and pool visual
inputs over their receptive fields through an array of par-
allel bipolar cells with smaller receptive fields.*® The par-
vocellular and magnocellular ganglion cells are located
in the retinal ganglion cells (RGC) layer and take two
different pathways for the identification of colour and
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Figure 3 Correlation between macular volume and visual
acuity as measured with ETDRS optotype at a contrast level
of 100% in patients with Parkinson’s disease. ETDRS, Early
Treatment Diabetic Retinopathy Study.
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Table 5 Correlation between visual acuity measured with ETDRS chart at different levels ef contrast {in %} and macular
structural measurements (thickness and velume} in patients with Parkinsen’s disease

Macular thickness p Value Macular volume p Value
VA ETDRS 100 —0.765 0.006 —0.761 0.007
VA ETDRS 1.25 —0.718 0.013 -0.715 0.013
VA ETDRS 2.50 —0.738 0.010 -0.729 0.011

Correlation data in bold type are statistically significant (p<8.05).
ETDRS, Early Treatment Diabetic Retinopathy Study; VA, visual acuity.

contrast at different frequencies.”® RGC loss (as

observed using SD-OCT) was recently identified as the
cause of visual impairment in patients suffering from
another neurodegenerative process, multiple sclerosis.**
Thus, a similar process could be the cause of the con-
trast and colour deficiencies in patients with PD. In add-
ition, in the mammalian retina, colour vision and
contrast sensitivity are modulated through D1 and D2
receptors. These dopaminergic receptors are differen-
tially located in the retinal layers and a complete lack of
activation leads to signal dispersion, and alterations in
colour vision and contrast sensil’.ivil:y.2

Alteration of the retinal layers in PD was first demon-
strated in 2004.%° Since then, various studies have shown
different results.>> #*% Previous studies performed by
our team confirmed that both macular thickness and
the RNFL were affected in patients with PD, especially
in the inferior and temporal quadrzmts.4 e Moreover,
Garcia-Martin ¢t af® demonstrated that the inner retinal
layers were most affected in these patients, and that the
GCL thickness was inversely correlated with disease dur-
ation and PD severity, and was predictive of axonal
damage in these patients. The present study included a
smaller number of patients, which may have affected the
significance of our results compared with previous
studies. We could only detect a significant reduction in
the minimum GCL+IPL thickness in patients with PD
compared with healthy participants, after correction for
multiple comparisons. However, we detected a clear ten-
dency towards a reduction in the macular, RNFL and
GCL thicknesses. A significant reduction in the temporal
sectors of the peripapillary RNFL thickness has been
repeatedly observed by different groups,® * and this
reduction was also observed in the present study. Two
recent studies, however, detected no differences in the
peripapillary RNFL thickness of patients with PD com-
pared with healthy controls, using SD-OCT,?” ** and one
study only found significant differences in the nasal
quadrant.*® More studies are required to clarify these
contradictory observations.

In a previous study, we demonstrated that the retinal
thickness corresponding to the papillomacular bundle
(as measured with the Axonal Analytics software for
Spectralis OCT) correlated (r>0.70) with some functional
parameters {(such as the mean defect and the pattern SD
of the automated perimetry) in patients with PD.** The
GCL was not investigated at that time, however, and visual

function parameters were reduced to perimetry and
colour vision was measured with the Ishihara colour test.
The current study evaluated not only the RNFL but also
the GCL thickness, and more visual function parameters
were analysed. The GCL correlated most with the visual
function parameters: GCL thickness was directly asso-
ciated with VA and CSV measured at all different spatial
frequencies, and inversely correlated with the colour
vision indexes. Thus, GCL thinning is linked to colour
deficiencies, contrast sensitivity loss and lower vision at
different contrast levels in patients with PD.

The degree of correlation is usually classified as low
{<0.30), moderate (0.30-0.70) or strong (>0.70). Our
results revealed a low and moderate degree of correl-
ation between most parameters, consistent with findings
in other neurodegenerative diseases.*> Macular thickness
and macular volume, however, were strongly associated
with functional parameters (VA, CS, and Lanthony CCI,
C-index and S-index). This strong association, to the
best of our knowledge, has not been previously demon-
strated in PD.

There are very few studies of the correlation between
functional and structural parameters in patients with
PD. Adam ¢t al'* demonstrated a significant reduction in
the inner retinal layer complex (RNFL+GCL+IPL) in
patients with PD, but no association with contrast sensi-
tivity (measured with the Pelli-Robson chart). A very
recent study by Kaur ¢t a/'® demonstrated a correlation
between functional parameters and GCL thinning, con-
sistent with our results. Kaur et ¢/ however, found no sig-
nificant alterations in VA and colour vision in patients
with PD, and the severity of the disease was not corre-
lated with structural parameters, in contrast to other
studies that demonstrate an association between macular
and GCL thickness and disease duration and severity.*® *°
Although the severity of the disease in our sample
{based on the Hoehn-Yahr scale) was similar to that in
Kaur’s study, the duration of the disease in our study was
longer than that in Kaur’s stady (13 vs 5years), which
may account for some of the differences in the results
between the two. These discrepancies {and similarities)
support the need for more studies on this topic. Our
results, together with previously published studies,'® *°
suggest that the GCL could be a reliable indicator of
structural alterations in the retina of patients with PD,
demonstrating a significant correlation with functional
tests in these patients. The results of the present study
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have important implications for clinical diagnosis and
functional deficits in patients with PD, and highlight the
importance of visual function tests in the evaluation of
these patients.

In conclusion, visual dysfunction was significantly cor-
related with morphological parameters in patients with
PD. Patients with PD present with a reduction in GCL
thickness, which is closely associated with visual
dysfunction.
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Abstract

Aim

To evaluate structural changes in the retina and their correlation with visual dysfunction in
patients with multiple sclerosis.

Methods

Patients with multiple sclerosis (n = 84) and healthy controls {n = 84) underwent structural eval-
uation of the retinal nerve fiber layer, and macular and ganglion cell layer thicknesses using
Spectral domain optical coherence tomography (SD-OCT). All subjects underwent high and
low contrast visual acuity, color vision {using the Famsworth and L ’Anthony desaturated D15
color tests), and contrast sensitivity vision using the Pelli Robson chart and CSV 1000E test.

Results

Macular, retinal nerve fiber layer, and ganglion cell layer thinning was observed in multiple
sclerosis patients compared to healthy controls {p<0.05). High- and low-contrast visual acu-
ity and contrast sensitivity vision at four different spatial frequencies were significantly
reduced in comparison with healthy subjects (p<0.05). Macular, retinal nerve fiber layer and
ganglion cell layer measurements correlated with high and low contrast visual acuity, and
contrast sensitivity vision. Contrast sensitivity vision was the functional parameter that most
strongly correlated with the structural measurements in multiple sclerosis and was associ-
ated with ganglion cell layer measurements. The L Anthony color vision score {age-cor-
rected color confusion index) was associated with macular measurements.

Conclusions

Patients with multiple sclerosis had visual dysfunction that correlated with structural
changes evaluated by SD-OCT. Macular and ganglion cell layer measurements may be
good indicators of visual impairment in multiple sclerosis patients.

PLCS CONE | DCI:18.1371/journal.pone.0157283 June 28, 2016
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OCT and Visual Dysfunction in Multiple Sclerosis

Introduction

Optic nerve atrophy and thinning of the peripapillary retinal nerve fiber layer {RNFL) are two
typical findings of patients with multiple sclerosis (MS), with or without a history of optic neu-
ritis (ON). Axonal loss is considered to be the main cause of disability in MS.[1-3] Neuronal
loss is, however, increasingly recognized as a biomarker that correlates with disability in MS
patients.[4-7]

MS is often associated with involvement of the visual pathway that can lead to dinically evi-
dent manifestations {such as ON and diplopia) and, more frequently, to subclinical alterations.
Several studies have reported a correlation between axonal loss observed in the optic nerve and
visual dysfunction in MS.[1,8]. More recently, segmentation analysis of the various retinal lay-
ers made possible by new software for digital imaging techniques in ophthalmology have pro-
vided a more specific measurement of the retinal ganglion cell layer and the inner plexiform
layer complex (GCIPL) and suggest a correlation not only between axonal but also neuronal
loss and visual dysfunction in MS patients.[9,10]

In the present study, we assessed macular, RNFL, and GCIPL thicknesses measured by Spec-
tral domain-optical coherence tomography (SD-OCT) using segmentation analysis and evalu-
ated the correlation between structural measurements and visual dysfunction in MS patients.

Material and Methods

Patients with definite MS and age and sex matched healthy individuals were included in the
study. All procedures adhered to the tenets of the Declaration of Helsinki, and the experimental
protocol was approved by the Ethics Committee of the Miguel Servet Hospital. All participants
provided written informed consent to participate in the study. One eye per subject was ran-
domly selected and included in the study.

The diagnosis of MS was based on standard clinical and newroimaging criteria and related
medical records were carefully evaluated. Information about Expanded Disability Status Scale
(EDSS) scores, disease duration, treatments, acute MS attacks, and prior episodes of ON were
recorded. The diagnosis of ON was based on clinical findings, which included the presence of
decreased visual acuity, relative afferent pupil defect, color vision loss, visual field defect, and a
compatible fundus examination. Patients with active ON in the 6 months preceding enrollment
in the study or during follow-up were excluded from the study. Participants had no concomi-
tant ocular diseases and no history of glaucoma, retinal pathology, or systemic conditions that
could affect the visnal system. Eves with significant refractive errors (>5 D of spherical equiva-
lent refraction or >3 D of astigmatism) were not included in the study.

All subjects underwent a complete neuro-ophthalmic evaluation that included pupillary,
anterior segment, and funduscopic examination. We assessed high contrast (HCVA) and low
contrast visual acuity (LCVA) using ETDRS and Low-Contrast Sloan Letter Charts, contrast
sensitivity vision (CSV) using CVS 1000E and Pelli Robson charts, and color vision (CV) using
Farnsworth-Munsell D15 and Lanthony D15 tests. Structural analysis of the retina was per-
formed with SD-OCT using the Cirrus High Definition (HD) OCT {Carl Zeiss Meditec Inc,
Dublin, CA), which included 3 applications: macular application (for macular thickness analy-
sis), and RNEL and ganglion cell applications (for individual analysis of these layers). All func-
tional and structural tests were performed during a single visit per patient and measurements
were obtained under monocular vision using best correction.

LogMAR visual acuity (VA) was evaluated at three different contrast levels: 100% (HCVA,
using ETDRS chart), 2.50%, and 1.25% (LCVA, using Low-Contrast Sloan Letter Charts -Preci-
ston Vision, LaSalle, [L-), The percentage indicating the level of contrast, L.e., 100% represent-
ing black letters over white background and 1.25% light grey letters over white background. All
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measurements were obtained under controlled lighting conditions {photopic: mean luminance
of 85 cd/m’, high mesopic: 5 cd/m?, and low mesopic: 3 cd/m?).

CSV 'was evaluated using the Pelli-Robson chart and the CVS 1000E test. The Pelli-Robson
chart comprises horizontal lines of capital letters organized into groups of three (triplets) with
two triplets per line. Within each triplet, all letters have the same contrast. The contrast
decreases from one triplet to the next, even within each line. All patfents were evaluated at a
distance of 1 meter from the chart, under controlled photopic conditions (85 cd/ m?). The score
corresponding to the last triplet of letters seen by the patient was recorded.

The CSV 1000E instrument is used worldwide for standardized CSV and glare testing, All
patients were evaluated at a distance of 2.5 meters from the chart, at four spatial frequencies (3,
6, 12, and 18 cycles per degree [cpd]). The chart comprises 4 rows with 17 circular patches
each. The patches present a grating that decreases in contrast moving from left to right across
the row. The patient indicates whether the grating appears in the top patch or the bottom
patch for each column. Each contrast value for each spatial frequency was transformed into a
logarithmic scale according to standardized values.

Color vision was assessed using the Color Vision Recorder program {CVR, Optical Diagnos-
tics, Bensichem, The Netherlands). CVR software is designed for the Windows operating system
and analyzes chromatic discrimination by dassification of colors. CVR includes several classic
color tests. All patients in the study were evaluated using the Farnsworth D15 and L”Anthony
D15 protocols {often used to differentiate between subjects with severe loss of color vision and
those with milder color defects or normal color vision) and different output parameters, such as
the Age-Corrected Color Confusion index (AC CCI, which represents the ratio between the
patient’s major radius-largest difference between caps-and the major radius of a perfect arrange-
ment for the subject’s age group), the Confusion angle {Conf angle, which represents the axis of
color deficiency), and the Scatter index (S-index, which represents the parallelism of confusion
vectors to the personal confusion angle) were recorded.[11,12] All these parameters evaluate the
severity of dyschromatopsia. For example, an AC CCI score higher than 1, indicates altered color
vision perception; the higher the score in the AC CCl and the S-index, the worse the condition.

Structural measurements of the retina were obtained using the Cirrus OCT device. The
same experienced operator performed all scans and did not apply manual correction to the
OCT output. We used an internal fixation target because it provides the highest reproducibility
and rejected poor quality scans prior to data analysis.[13] We based image quality assessment
on the signal strength measurement that combines the signal-to-noise ratio with the uniformity
of the signal within a scan {scale 1-10, where 1 is categorized as poor image quality and 10 as
excellent). We included images with a score >7 for evaluation. The Cirrus OCT macular cube
512 x 128 protocol provides a macular volume measure and retinal thickness values for 9 areas
that correspond to the ETDRS. These areas include a central 1 mm circle representing the
fovea, and inner and outer rings measuring 3 mm and 6 mm in diameter, respectively. The
inner and outer rings are divided into four quadrants each: superior, nasal, inferior, and tempo-
ral. The Cirrus OCT optic disc protocol generates 200 x 200 cube images with 200 linear scans
enabling analysis of the RNEL of a 6-mm" area around the optic nerve. For each scan series of
RNFL measurements, we assessed the average, superior, inferior, temporal, and nasal thickness.
The Cirrus segmentation analysis for retinal layers also provides measurements of the GCIPL
thickness, evaluating six areas of the macular cube {(superior, superonasal, inferonasal, inferfor,
inferotemporal, and superotemporal sectors). The segmentation analysis also includes mea-
surements of the average and minimum GCIPL. These values are obtained from a set of 360
spokes, where each average represents the mean number of the pixels along that spoke that lies
within the measurement annulus. The average and minimum values were selected because they
are more sensitive than other retinal measurements for detecting retinal thickness changes. [14]
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All data analyses were performed using SPSS software version 20.0 (SPSS Inc., Chicago, IL).
The Kolmogorov-Smirnov test was used to assess sample distribution. Differences between
evaluations of MS patients and healthy subjects were compared using the Student’s t test.
Patients were divided in two groups (history of ON vs no history of ON) and a second analysis
to caleulate the differences between these two groups was performed using the Student’s t test.
The linear correlation between structural and functional parameters was determined using the
Pearson correlation coefficient. P values less than 0.05 were considered to indicate statistical
significance. To avoid a high false positive rate, the Bonferroni correction for multiple compari-
sons was calculated and the corrected p values were added to the previously calculated data.

Each eye was considered separately, and one eye from each patient was randomly selected
for analysis.

Results

Eighty-four patients with MS and 84 healthy controls were included in the study. The mean
age of the patients with MS was 45.69 (SD = 9.60) and the mean age of the healthy controls was
47.86 (SD = 9.62). Age, sex, and intraocular pressure did not differ significantly between
healthy controls and patients with MS (p = 0.140; 0.090 and 0.770 respectively).

All patients had been diagnosed with MS relapse-remitting subtype and were under treat-
ment with interferon 1b (14.3%), glatiramer acetate (4.7%), fingolimod (39.3%), or interferon
la {10.7%). Only 28.6% of the patients were not under any current treatment. Mean EDSS
score was 1.64 (SD: 2.07) and 58% of the patients (n = 49) had a previous ON episode.

Functional parameters

MS patients showed significant reduction in best-corrected visual acuity at the three contrast
levels compared to the controls (0.14+0.67 in patients vs -0.09 + 0.09 in controls at 100%,
p=0.010;0.5520.17 vs 0.42+0.12 at 2.5%, p<0.001; 0.71£0.16 vs 0.55+0.14 at 1.25%,
p<0.001). CSV was affected in patients in all four spatial frequencies of the CSV 1000E chart
(3,6, 12,and 18 ¢pd) when analyzed based on the number of correct localized gratings
{p<0.001). The Pelli Robson results revealed a significant reduction in CSV in MS patients
{p<0.001). L’ Anthony AC-CCI and Conf angle results were also significantly worse in MS
patients. The results are shown in Table 1.

ANOVA was used to calculate differences between controls and patients with and without a
previous episode of ON (ON vs no-ON) (S1 Table). The EDSS score was significantly worse in
patients without a previous episode of ON (2.43+2.50 in patients without an ON episode vs
1.14 +1.47 in patients with an ON episode, p<0.001). The post hoc analysis revealed that func-
tional parameters were only different between controls and patients (with and/or without a his-
tory of ON); no differences were observed between the two groups of patients (S1 Table).

Structural parameters

OCT measurements indicated significant differences in almost all macular sectors (except in
the central and outer temporal thickness; Table 1). The segmentation analysis revealed reduced
GCIPL thickness in MS patients in the inferotemporal (73.9£13.1 gm in patients vs 84.2
+6.7 jum in controls; p = 0.04) and superotemporal sectors (73.4+£10.7 (im vs 83.9+6.2 um;
p = 0.01). The minimum GCIPL value was significantly reduced (70.24£13.8 um vs 82.4
+6.5 pm; p<0.001). The RNFL was significantly reduced in the average thickness and temporal
quadrant in MS patients (Table 1).

The ANOV A analysis revealed a significant difference in all GCIPL measurements (S2
Table). Post hoc analysis of macular measurements revealed significant differences between
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Table 1. Visual function and structural parameters in healthy controls and subjects with multiple sclerosis.

CONTROL MS P
FUNCTIONAL EXAMINATION
VISUAL ACUITY
ETDRS 100 -0.09 (0.09) 0.14 {0.67) 0.010*
ETDRS 2.5 0.42 (0.12) 0.55 (0.17) <0.001*
ETDRS 1.25 0.55 (0.14} 0.71 {0.16) <0.001*
CONTRAST SENSITIVITY
Pefli Robson 1.89 (0.11) 1.74 (0.23) <0.001*
CSV 1000 3 cpd 1.73 (0.19) 1.44 (0.23) <0.001*
CSV 1000 6 cpd 1.98 (0.19) 1.50 (0.31) <0.001*
CSV 1000 12 cpd 1.62 {0.22) 1.00 (0.27) <0.001*
CSV 1000 18 cpd 1.16 {0.21) 0.56 (0.11) <0.001*
CHROMATIC VISION
CVR Famsw AC CCI 1.11 (0.43) 1.13 (0.24) 0.660
CVR Famsw ConfAngle 56.08 (7.93) 59.10 (8.63) 0.520
CVR Famsw S- Index 1.66 (0.43) 1.74 (0.48) 0.310
CVR L’Anthony AC CCf 1.13 (0.36) 1.26 (0.30) 0.030
CVR L ’Anthony ConfAngle 55.49 (4.02) 40.27 (6.49) 0.040
CVR L’Anthony S-Index 1.79 (0.50) 1.81 (0.41) 0.856
STRUCTURAL EXAMINATION
MACULAR THICKNESS
Fovea 257.07 {16.33) 249.01 {16.34) 0.012
Inner superior sector 325.99 (13.37) 309.86 (22.47) <0.001*
Inner nasal sector 326.35 (13.56) 309.61 (24.02) <0.001*
Inner inferior sector 321.96 (14.00) 304.44 (23.52) <0.001*
Inner temporal sector 311.14 {12.24) 297.67 (21.70) <0.001*
Outer superior sector 263.21 (11.686) 273.44 (19.08) <0.001*
Quter nasal sector 299.80 (14.97) 282.06 {23.60) <0.001*
Quter inferior sector 272.04 (13.02) 262.11 {27.91) 0.030
Quter temporal sector 264.79 (11.86) 254.67 {14.27) 0.540
Average 291.55 (15.70) 273.70 {18.47) <0.001*
Volume 10.12 (0.54} 9.88 (0.66) <0.001*
GCIPL THICKNESS
Superior sector 85.58 (6.67) 75.91 (8.46) 0.040
Superonasal sector 85.85 (7.486) 75.87 {(9.25) 0.030
Inferonasal sector 84.61 (7.55) 75.26 {9.58) 0.140
Inferior sector 83.59 (7.70) 74.30 {9.56) 0.130
Inferotemporal sector 84.17 (6.73) 73.91 (13.11) 0.040
Superotemporal sector 83.87 (6.23) 73.35 (10.70} 0.010
Average GCIPL 84.68 (6.74) 74.87 (8.54) 0.080
Min GCIPL 82.42 (6.50) 70.17 {13.83) <0.001*
RNFL THICKNESS
Average 94.35 (9.62) 84.34 (13.14) 0.010*
Superior sector 117.10{17.20) 107.08 (17.71) 0.550
Nasaf sector 69.93 {11.79) 67.50 {14.07) 0.230
Inferior sector 124.1 {14.81} 107.63 (18.70) 0.010*

{Continued)
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Table 1. {Continued)

CONTROL MS P

Temporal sector

64.14 (8.94) 55.5(18.52) <0.001%

Mean and standard deviation (SD) of visuaf function and structural parameters in healthy controfs and subjects with muftiple sclerosis. The Student T
test was performed to compare controls and patients with MS. Resuilts in boid jetters indicate statistical significance (p<0.050). Asterisk indicates a
significant difference by Student’s t test after Bonferroni corection for multiple tests (p<0.017 for ETDRS; p<0.0710 for CSV 1000E measurements;
Pp=0.0083 for Farsworth and L' Anthony tests; p<0.0058 for macular thickness values; p<0.00625 for GCIPL thickness and p<<0.010 for RNFL
thickness). Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; cpd, cycles per degree; AC CCi, age-conected cofor confusion index;
Conf Angle, confusion angfe; S-index, scatter index; GCIPL, gangfion ceff +inner piexiform layer; RNFL, retinaf nerve fiber fayer; HD, high definition;

MS, mulftiple sclerosis.

doir10.1371fjournal.pone.0157293.1001

healthy controls and patients (with and without a previous ON episode) in several sectors;
however, differences between the two subgroups of patients were only observed in the foveal
and average macular thickness, and macular volume.

Post hoc analysis of GCIPL thickness revealed statistical differences between controls and
patients {with and without a previous ON episode) in the superior and superonasal sectors,
and in the minimum GCIPL thickness.
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Fig 1. Correlation between the average macular thickness and contrast sensitivity vision measured
with the Pelli Robson test in patients with multiple clerosis. Dark symbols represent data from patients
with a previous episode of optic neuritis, whereas light symbols represent patients without a previous episode
of optic neuritis.

doi: 10.1371fjournal pone.0157293.g001
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Fig 2. Correlation between the average ganglion cell + inner plexiform layer thickness and contrast
sensitivity vision measured with the Pelli Robson test in patients with multiple sclerosis. Dark symbols
represent data from patients with a previous episode of optic neuritis, whereas light symbols represent
patients without a previous episode of optic neuiitis.

doi: 10.1371fjournal. pone 01572939002

Correlation between functional and structural parameters

CSV was the functional parameter most frequently associated with structural measurements in
MS. The Pelli Robson CSV results correlated with GCIPL thickness in all sectors and macular
thickness in 8 of 9 sectors, although the association was not strong {r < 0.5) {Figs 1 and 2). The
outer temporal (r = 0.41, p<0.001) and average macular thickness {r = 0.47, p<0.001) values
had the highest correlations. The Pelli Robson results also correlated with the thickness in dif-
ferent sectors of the RNFEL (average, superior, inferior, and temporal sectors, r<0.50, p<0.05).
Measurements with the CSV 1000E at different spatial frequencies correlated significantly with
most GCIPL measurements (r<0.50). The superotemporal {r = 8.50, p< 0.001) thickness, aver-
age GCIPL thickness (r = 0.48, p< 0.001), and minimum GCIPL {r = 0.50, p< 0.001) thickness
had the strongest correlations at a spatial frequency of 18 cpd (Table 2).

Color vision was also assocfated with structural parameters: Farnsworth s AC-CCI was
significantly associated with the GCIPL thickness (superior, superonasal, inferonasal, and
the average GCIPL thickness), although the association was not strong {r<0.30; Table 3).
L’ Anthony’s AC-CCI was statistically correlated with different macular sectors {Table 3).
Macular average thickness showed the highest correlations with the color vision indexes
{Farnsworth’s AC-CClI r = -0.53, p<0.001 [data not shown in tables]; L "Anthony s AC-CCI
r=-0.47, p<0.001). The color vision parameters were not significantly correlated with the
RNEL thickness.
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Table 2. Correlation between structural parameters and contrast sensitivity vision in patients with multiple sclerosis.

CSY 1000E fest Pelli Robson
STRUCTURAL MEASUREMENTS 3cpd P 6 cpd I3 12 cpd I3 18 cpd 2 r P
MACULAR THICKNESS
Fovea 215 0.0BO 018 0080 012 0.1BOD 0.1B 0040 012 £.150
Inner superior sector 032 <0.001 * o041 <0.001* 441 <0.001 * 0.42 <0.001* 036 <0.001*
Inner nasal sector 034 <0.001* 045 <Q.001* 047 <0.001 % 044 <0.001* £35 <0.001%
inner inferior sector 032 <0.001 * 042 <Q001* 542 <0.001 * o441 <0.001* 035 <0.001*
Inner temporal sector 030 <0.001 * 037 <0.001* 038 <0.001 % o041 <0.001* 031 <0.001*
Outer superior sector 030 <0.001 % 033 <Q001* $36 <0.001 % 0.37 <0.001* £38 <0.001%
Outer nasal sector 035 <0.001* 0243 <Q.001* 03B <0.001* 044 <0.001* 034 <0.001*
Outer inferior sector 017 0.050 028 J.001* 827 0.002% 0.31 <0.001* 027 <0.001*
Outer temporal sector £33 <0.001 * 0.30 <0.001* 240 <0.001 ¥ o041 <0.001* o041 <0.001%
Average 029 0.020 0.38 0.003* £39 0.002% .44 0.001* 047 <0.001*
Volume 017 0.1BO 0.34 0005 027 0.030 0.30 0018 £15 0230
GCIPL THICKNESS
Superior sector £22 0.020 0.37 <0.001* 037 <0.001 ¥ 044 <0.001* £40 <0.001*%
Superonasal sector 021 0.030 0.38 <Q001* £36 <0.001 * o041 <0.001* £3B <0.001%
Inferonasal sector 0.1B 0.060 0.37 <0.001* 036 <0.001 041 <0.001* 037 <0.001%
inferior sector 019 0.050 o441 <0001* £.35 <0.001* 0.45 <0.001* 038 <0.001*
Inferotemporal sector 023 0.020 0.36 <0.001* 034 0.001 % 042 <0.001* 025 <0.001%
Superotemporal sector 031 0.002% 045 <Q001* D44 <0.001 * 0.50 <0.001* £36 <0.001*
Average GCIPL 025 0.010 043 <0.001* 240 <0.001 ¥ 048 <0.001* 038 <0.001%
Min GCIPL 027 0.007 043 <0001* £42 <0.001 * 0.50 <0.001* 036 <0.001*
RNFL THICKNESS
Average 0.1B 0.030 0.19 0020 514 0.090 015 0070 033 <0.001%
Superior sector 015 0.070 013 0110 813 0.120 0186 0.060 030 <0.001*
Nasal sector 002 0.790 0.08 0350 D16 0.060 0.15 0070 00B 0310
Inferior sector 015 0.060 0.16 0040 81 0.200 0.09 0260 £32 <0.001*
Temporal sector 024 0.004% 034 <0.001* 034 <0.001 % 0.35 <0.001* 024 <0.001%

Correfation between structural parameters (macular, ganglion ceff fayer and retinal nerve fiber layer thickness) and contrast sensitivity vision (CSV)

evaluated with the CSV T000E and Peffi Robson tests in palients with muftiple scierosis. Data in bold type corvespond to statistically significant

conefations (p-value <0.05). Asterisk indicates a significant difference after Bonfervoni comection for multiple tests (p<0.0056 for macular thickness
values; p<0.00625 for GCIPL thickness and p<0.070 for ANFL thickness). Abbreviations: GCIPL, gangfion celf+inner plexiform fayer; RNFL, retinal nerve

fiber fayer; cpd, cycles per degree.

d0i:10.1371fjournal.pone.0157293.1002

VA using the ETDRS chart correlated with macular, GCIPL, and RNFL thickness {Table 4,
Eig 3). There were significant but mild associations between 8 of the 9 macular parameters and
LCVA at 2.50% and 1.25%, where the macular average thickness had the highest correlations
(r=-041, p=0.01 and r =-0.36, p = 0.04, respectively).

Discussion

In the present study, we evalnated different structural and functional parameters and assessed
the association between visual dysfunction and morphologic changes in the retina of 84
patients with MS and 84 healthy controls. We demonstrated that structural parameters, such
as macular, RNFL, and GCIPL thicknesses, are reduced in MS patients, but they also exhibited
visual impairment (VA and CSV reduction). Moreover, contrast sensitivity was the most
affected parameter in our study and correlated with most of the structural data. We have used
color vision tests that provide information for differentiating subjects with severe loss of color
vision from those with milder color defects or normal color vision, and also can be used to
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Table 3. Correlation between structural measurements and color vision in patients with multiple
sclerosis.

FARNSWORTH COLOR TEST
GCIPL THICKNESS AC-CCI p
Superior sector -0.21 0.030
Superonasal sector -0.23 0.020
Inferonasal sector -0.23 0.010
Inferior sector 0.16 0.100
Inferotemporal sector 0.16 0.100
Superotemporaf sector -0.21 0.030
Average GCIPL -0.23 0.020
Min GCIPL 0.13 0.190
L’ANTHONY COLOR TEST

MACULAR THICKNESS AC-CCI p
Fovea -0.01 0.900
Inner superior sector -0.21 0.020
Inner nasal sector -0.25 <0.001*
Inner inferfor sector -0.22 0.010
Inner temporaf sector 0.17 0.060
Outer superior sector -0.18 0.050
Ourter nasal sector -0.10 0.290
Outer inferfor sector -0.05 0.580
Outer temporal sector -0.06 0.530
Average thickness -0.47 <D.001*

Correfation between structural measurements (ganglion cell fayer and macular thickness) and color vision
evaluated with the Famswaorth and L'Anthony color tests in patients with muftipfe sclerosis. Convefation
data in bold type are statistically significant {p-value <0.05). Asterisk indicates a significant difference after
Bonferroni corvection for multipie tests (p<0.00625 for GCIPL thickness and p<0.00586 for macular
thickness values). Abbreviations: GCIPL, ganglion cefi+inner plexiform layer; AC-CCI: age-comected color
confusion index.

doi: 10,137 1fjournal.pone.0157293.1003

evaluate acquired loss of color vision. Both the Farnsworth and L’ Anthony tests are color
arrangement tests (based on the arrangement of different color caps); however, the L’ Anthony
color test is less saturated, and is thus more suitable for detecting mild color anomalies that
may not be detected using the Farnsworth color test alone. In our study, only the L’ Anthony
test results (AC CCl and Conf angle) were significantly worse in the MS group compared to
healthy controls, showing a mild tendency toward protanomaly.

Visual dysfunction may occur in up to 80% of MS patients during the course of the disease.
[15] Diminished contrast sensitivity and color vision deficiencies in MS have been widely
reported.[16,17] Measures of low-contrast vision as tested by line gratings, letter charts, and by
Pelli-Robson charts in MS patients were sensitive to visual impairment, even in patients with
VA of 20/20 or better as measured with a Snellen chart. This alteration in low-contrast vision is
also associated with visual impairment of everyday tasks, such as reading, driving, and facial
recognition.[18] The introduction in the last few decades of OCT in the study of optic nerve
neuropathies has provided new information on correlations between visnal deficiencies and
retinal alterations. Recent studies using OCT showed that low contrast letter acuity scores
reflect the axonal and neuronal losses in the anterior visual pathways.[9,19,20] This axonal loss
is also associated with disease progression, worsening disability, and lower quality of life in MS
patients [21,22].
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Table4. Correlation between structural parameters and visual acuity in patients with MS.

STRUCTURAL Visual Acuity ETDRS LogMar

PARAMETERS 100% P 250% P 1.25% P
MACULAR

THICKNESS

Centraf -0.07 0.400 -0.07 0.430 -0.05 0.530
Inner superior -0.09 0.310 -0.30 <0.001* -0.30 0.001*
Inner nasaf -0.08 0.360 -0.28 0.001* -0.26 0.002*
Inner inferior -0.09 0.270 -0.32 <0.001* -0.30 <0.001*
Inner temporaf -0.11 0.220 -0.25 0.003* -0.26 0.002*
Outer superior -0.08 0.460 -0.31 <0.001* -0.32 <0.001*
Outer nasal -0.04 0.670 -0.32 <0.001* -0.29 0.001*
Outer inferior -0.07 0.420 -0.26 0.002% -0.25 0.003*
Outer temporal -0.08 0.370 -0.33 <0.001* -0.31 <0.001*
Average -0.01 0.960 -0.41 0.001* -0.36 0.004*
Volume -0.04 0.720 -0.15 0.230 -0.08 0.520
GCIPL

THICKNESS

Superior -0.42 <0.001* -0.27 0.005* -0.27 0.006*
Superonasaf -0.39 <0.001* -0.29 0.003* -0.28 0.005%
Inferonasal -0.39 <0.001* -0.31 0.001* -0.28 0.004*
Inferior -0.36 <0.001* -0.26 0.008 -0.14 0.150
Inferotemporaf -0.26 0.008 -0.14 0.140 -0.10 0.299
Superotemporal -0.32 0.001* -0.23 0.020 -0.12 0.040
Average GCIPL -0.38 <0.001* -0.27 0.005* -0.23 0.020
Minimum GCIPL -0.31 0.001* -0.21 0.030 -0.15 0.130
RNFL

THICKNESS

Average -0.21 0.008* -0.27 0.001* -0.35 <0.001*
Superior -0.21 0.010* -0.28 <0.001* -0.33 <0.001*
Nasaf -0.05 0.450 -0.04 0.630 -0.07 0.400
Inferior -0.26 0.001* -0.24 0.004* -0.29 <0.001*
Temporal -0.16 0.040 -0.19 0.020 -0.29 <0.001*

Convefation between structural parameters (macular, ganglion cell fayer and retinal nerve fiber layer thickness) and visudl acuily in different contrast levels
in patients with mulftiple sclerosis. Data in bold type comespond to statistically significant corvefations (p value <0.05). Asterisk indicates a significant
difference after Bonferroni corvection for multiple tests (p<0.0056 for macular thickness values; p<0.00625 for GCIPL thickness and p<0.010 for ANFL
thickness). Abbreviations: ETDRS, Eary Treatment Diabetic Retinopathy Study; GCIPL, gangfion celf+inner plexiform fayer; RNFL, retinal neyrve fiber layer.

doi:10.137 1fjournal.pone.0157293.1004

New SD-OCT segmentation software allows for the measurement of the various retinal lay-
ers. Previous studies on MS found a reduction in RNFL not only in eyes with a previous episode
of ON, but also in patients who have never had an acute clinical episode of ON.[23,24] Current
studies using segmentation analysis of the retinal layers have demonstrated a thinning of the
GCIPL, suggesting ganglion cell loss.[9,25,26] This GCIPL thinning was significantly assodi-
ated with reduced visual function and vision-specific quality oflife in MS patients. Additionally

GCIPL thinning occurs 3 to 6 months following acute ON.[10]

Histopathologic evaluation of postmortem MS eyes revealed the loss of inner nuclear layer
neurons and significant GCIPL atrophy [27], even in cases where the number of axons
remained intact [28] Thus, GCIPL thickness has rapidly emerged as a useful structural marker
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Fig 3. Correlation between visual acuity as measured with ETDRS optotipe at a contrast level of 100%
and the average ganglion cell + inner plexiform layer thickness in patients with multiple sclerosis.
Dark symbols represent data from patients with a previous episode of optic neuiitis, whereas light symbols
represent patients without a previous episode of optic neuritis.

doi: 10.1371journal.pone.0157293.9003

in MS, even better than RNFL thickness. A positive correlation between the average GCIPL
and the peripapillary RNEL thickness was recently demonstrated.[14]. Additionally, GCIPL
thickness is suggested to have better sensitivity than temporal peripapillary RNFL thickness for
detecting retinal thickness changes in patients with MS.[14,29]. In the present study, macular
thickness was reduced in most sectors, but the peripapillary RNFL thickness was only reduced
in the inferfor and temporal quadrants. Segmentation analysis of the GCIPL thickness revealed
a dear tendency towards a reduction in the superior and temporal (superotemporal and infero-
temporal) sectors (p<0.05) although only the minimum GCIPL thickness was significantly
reduced (p<0.001). These findings suggest a topographic match between defects in the GCIPL
and decreased peripapillary RNEL thickness, supporting previous research, where superior
macular areas (including superotemporal and superonasal sectors) anatomically correspond
with the RNEL bundle to the temporal quadrant in the optic disc.[30] The thickness of these
layers (especially the GCIPL) was also significantly worse in patients with a previous history of
ON, corroborating previously reported results.[10, 31] Our results did not demonstrate a
higher sensitivity of the GCIPL thickness to detect axonal damage. A clear tendency toward
GCIPL loss in patients with MS, however, was observed (higher than in the RNFL), and com-
parison between groups revealed greater effects on GCIPL thickness in subjects with previous
ON. Thus, further studies with a larger sample size are needed to confirm that the GCIPL
reduction is a better marker of axonal damage in these patients.
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Correlations between visual dysfunction and structural measurements in MS have been also
reported,[9, 25, 26, 32, 33] although few of these studies include CSV and color vision analysis.
A reduction in the RNFL is associated with lower LCVA, alterations in color vision, and lower
quality of life in MS patients.[33, 34] The reduction of the macular and GCIPL thickness are
significantly correlated with VA (high and low contrast).[9,25,26] In accordance with these
previous studies, our results showed an association between macular and GCIPL thinning and
worse LCVA and CSV (measured by the CSV 1000E and Pelli Robson tests), highlighting the
importance of CSV tests and analysis of the GCIPL and macular thickness in the dinical evalu-
ation of MS patients. Moreover, in our study, macular and GCIPL thicknesses were inversely
correlated with L”Anthony and Farnsworth’s color indexes, respectively. These color tests evalu-
ate the severity of dyschromatopsia and are not frequently included in studies assessing visual
dysfunction and MS. [n a recent study, the Farnsworth D-100 color test (based on the same prin-
ciple as the Farnsworth and L’ Anthony D15 color tests) was demonstrated to be more sensitive
than pattern visual evoked potentials in detecting subclinical visual pathway alterations in MS
patients making this color test a valuable tool for evaluating these patients.[35]

In conclusion, MS patients had reduced macular, RNFL, and GCIPL thicknesses, with the
changes in the GCIPL being most closely associated with visual dysfunction. These results
may be important for future investigations of neuronal and axonal loss in MS and other neuro-
degenerative diseases. Further studies are needed to evaluate the association between axonal
infury and ganglion cell loss and to investigate the role of the GCIPL as a possible biomarker of
the efficacy of neuroprotective agents.

Supporting Information

$1 Table. Mean and standard deviation {SD) of visual function parameters in healthy con-
trols and subjects with multiple sclerosis. ANOVA test was used to compare controls and
patients with history of ON and without ON. Results in bold letters indicate statistical signifi-
cance (p<0.050). The brackets indicate the groups that had statistically differences in post hoc
comparisons. Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; cpd, cycles
per degree; AC CCI, age-corrected color confusion index; Conf Angle, confusion angle; S-
index, scatter index; MS, multiple sclerosis; ON, optic neuritis; C, controls.
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Neurodegenerative diseases present a current challenge for accurate diagnosis and for providing precise prognostic information.
Developing imaging biomarkers for multiple sclerosis (IMS), Parkinson disease (PD), and Alzheimer’s disease (AD) will improve
the clinical management of these patients and may be useful for monitoring treatment effectiveness. Recent research using optical
coherence tomography (OCT) has demonstrated that parameters provided by this technology may be used as potential biomarkers
for MS, PD, and AD. Retinal thinning has been observed in these patients and new segmentation software for the analysis of
the different retinal layers may provide accurate information on disease progression and prognosis. In this review we analyze the
application of retinal evaluation using OCT technology to provide better understanding of the possible role of the retinal layers
thickness as biomarker for the detection of these neurodegenerative pathologies. Current OCT analysis of the retinal nerve fiber
layer and, specially, the ganglion cell layer thickness may be considered as a good biomarker for disease diagnosis, severity, and

progression.

1. Introduction

Neurodegenerative disorders present a current challenge
for accurate diagnosis and for providing precise prognostic
information. Some diseases, such as multiple sclerosis (MS),
present with an unpredictable course, whereas others, such
as Parkinson disease (PD) and Alzheimer’s disease (AD),
may take several years to obtain a definitive diagnosis.
Due to increased aging population in developed countries,
neurodegenerative diseases such as PD and AD have become
more prevalent and thus new technologies and more accurate
tests are needed to improve and accelerate the diagnostic
procedure in early stages of these diseases.

Developing imaging biomarkers for MS, PD, and AD
in order to provide early diagnosis and predict the clinical
course and future disability will improve the clinical man-
agement of these patients and may be useful for monitoring
treatment effectiveness as well.

Optical coherence tomography {OCT) provides cross-
sectional imaging of internal structures in biological tissues
[1, 2]. Recent research using OCT technology has demon-
strated that parameters provided by OCT are accurate to
detect various inner retinal or optic nerve pathologies. In the
last decade this technique has also been applied in several
areas in neurology, demonstrating its potential role as a
fundamental tool in the study of neurodegenerative diseases,
such as MS, PD, or AD [3-9]. At the present time, however,
no clear guidelines are available on whether one, several, or
all of the retinal parameters measured by OCT can be used
in the diagnosis of these pathologies, and therefore the use of
OCT technology in the clinical management of neurological
patients is limited to follow disease progression in several
common pathologies.

In the present article, we review the application of retinal
evaluation using OCT technology to provide better under-
standing of the possible role of the retinal layers thickness as
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biomarker for the detection of neurodegenerative pathologies
such as MS, PD, and AD.

2. Multiple Sclerosis

Multiple sclerosis (MS) is a neurodegenerative disease char-
acterized by demyelination and axonal degeneration in the
central nervous system, leading to progressive neurologic
deficits [10, 11]. Axonal damage already occurs in the early
stages of the disease, not being related to inflammatory or
autoimmune episodes against myelin [12,13].

The retina of patients with MS displays inflammatory
and neurodegenerative findings, such as perivascular inflam-
matory infiltrates and atrophy of the inner retinal layers
[14]. In 1999, Parisi et al. reported for the first time a
significant reduction in the retinal nerve fiber layer (RNFL)
of patients with MS and previous optic neuritis (MSON)
compared to healthy subjects and its correlation with pattern
electroretinogram changes in these eyes [15]. Since then, an
increased interest in the application of OCT technology led
to a large number of studies on the retinal changes in MS
patients with and without previous ON episodes (non-ON).
So far, studies using spectral-domain O CT have revealed that
the retina in non-ON eyes shows thinner peripapillary RNFL
{pRNFL) than healthy controls [16-19].

2.1 RNFL Thickness as a Biomarker of Disease Severity and
Progression in MS. The introduction in the last few decades
of OCT in the study of MS has provided new information
on correlations between visual deficiencies and retinal alter-
ations in these patients and also between pRNFL thinning
and disability [9]. Recent studies using O CT showed that low
contrast letter acuity scores in MS patients reflect the axonal
and neurcnal losses in the anterior visual pathway (observed
as RNFL and retinal neuronal layer thinning quantified using
OCT technology) [20, 21]. Saidha et al. [20] demonstrated the
presence of retinal ganglion layer thinning in patients with
relapsing-remitting and progressive MS and its correlation
with high and low contrast visual acuity scores. Similarly,
Burkholder et al. showed a significant correlation between
altered visual function scores and reduced macular volume in
these patients [21]. More importantly, retinal measures in MS
patients evaluated using OCT technology seem to correlate
directly with brain-substructure volumes and grey and white
matter volumes and inversely with FLAIR-lesion volume, as
objectified by MRI, thus reflecting a possible correlation with
general central nervous system pathology in MS [22].

This axonal loss in MS, as observed by OCT, is associated
with physical and cognitive disability as measured by the
Expanded Disability Status Scale (EDSS) [23-25] and has
demonstrated its utility as a biomarker of disease progression
[5,22, 26, 27]. Recently, pRNFL atrophy was associated with
worsening disability and lower quality of life [28]. Garcia-
Martin et al. analyzed the structural change in the retina of
MSpatientsfor a timelapse of3 yearsand demonstrated that a
reduction in the pRNFL thickness in these patients was asso-
ciated withlower quality oflife (measured using the MSQOL-
54 questionnaire) and greater disability. The MSQOL-54
questionnaire is a multidimensional health-related quality
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of life measure that combines both generic and MS-specific
items into a single instrument. This 54-item questionnaire
generates 12 subscales (physical function, role limitations:
physical, role limitations: emotional, pain, emotional well-
being, energy, health perceptions, social function, cognitive
function, health distress, overall quality of life, and sexual
function) along with two summary scores(the physical health
composite summary and the mental health comp osite) and
two additional single-item measures (satisfaction with sexual
function and change in health). In Garcia-Martin’s study the
physical health composite of the MSQOL-54 questionnaire
{composed of different questions about the patient’s percep-
tion of their physical condition to fulfill every day’stasks) was
especially correlated with pRINFL thickness. Additionally, the
baseline mean and superior pRNFL thicknesses appear to
predict decreases in the quality of life in patients with MS
[28].

RNEFL thickness decreases with normal aging [29]. How-
ever, compared to healthy subjects, MS patients present with
a higher reduction and more affected sectors of the pRNFL
thickness (Figures 1 and 2) and this reduction seems to be
even greater in untreated patients [30]. More recently, the
pRINFL thickness was pointed out as a good predictor of
the likelihood of disability worsening in MS patients over
time [9]. Patients who had a pRNFL < 92-93 um showed a
58% increase in the risk of disability worsening, and patients
in the lower pRNFL thickness tertile displayed increased
risk of disability worsening compared to those in the higher
tertile. Patients with pRINFL < 87/88 um doubled the risk
of disability worsening at any time after the first year and
until the third year of follow-up. This disability worsening
prediction by pRNFL seems to be dependent on the follow-up
time, since this risk almost increased fourfold after the third
year and until the fifth year of follow-up. This increased risk of
disability worsening was present in patients with and without
a previous ON episode, although it was higher in patients
with MSON [9].

Combined RNFL parameters were also demonstrated to
improve the ability ofthis technology to distinguish between
eyes from MS patients and eyes from healthy subjects, by
calculating a linear discriminant function [6]. Mathematical
analysis showed that a linear discriminant function where
different RNFL parameters {(thickness in different sectors)
were combined yielded the highest sensitivity at a high speci-
ficity compared to any single sector of the OCT parameters

[6].

2.2. Retinal Segmentation Analysis: Ganglion Cefl Layer Thick-
ness as a Biomarker for MS. Histopathologic evaluation of
postmortem MS eyes revealed the loss of inner nudear layer
neurons and significant ganglion cell and inner plexiform
layer (GCIPL) atrophy [14], even in cases where the number
of axons remained intact [31]. New spectral-domain {SD)
OCT segmentation software allows for the measurement of
the various retinal layers separately, taking in vivo measure-
ments one step closer to histologic observations. Current
studies using this segmentation analysis software demon-
strated a reduction of the inner retinal layers, including the
GCIPL, suggesting ganglion cell loss [20, 32-34]. Moreover,
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FIGURE 1: Optic nerve head (a) and retinal nerve fiber layer analysis (b) as obtained with swept-source optical coherence tomography in a
43-year-old patient with multiple sclerosis who suffered a previous episode of optic neuritis 5 years ago. The pixel map and the clock sector
analysis (marked with the white square) of the optic disc shows important retinal nerve fiber layer loss in most sectors of the peripapillary

area.
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FIGURE 2: Mean peripapillary retinal nerve fiber layer (pRNEL) thickness of 100 multiple sclerosis (MS) patients compared with 97
healthy controls, as measured with optical coherence tomography. The peripapillary area is divided into 6 different sectors (superonasal,
superotemporal, nasal, inferonasal, inferoternporal, and temporal) and average thickness. All measurements except nasal thickness were
found to be significantly reduced in MS patients cornpared to controls (Garcia-Martin et al., data not published).

this GCIPL reduction is also correlated with reduced visual
function, functional disability as measured by the EDSS,
and vision-specific quality of life in MS patients [32, 34].
Does this all mean that the GCIPL could be a more precise
biomarker than the RNFL? In a recent study comparing both
GCIPL and pRNFL thickness, average GCIPL was altered
more frequently than average pRNFL, and GCIPL thickness
was demonstrated to have better sensitivity than temporal
pRNFL thickness for detecting retinal thickness changes in
patients with MS [35, 36]. Additionally, logistic regression
analysis demonstrated that GCIPL thickness is a potential
predictor of axonal damage in patients with MS, whereas the
thickness of all other retinal layers {including the RNFL) was
not predictive of axonal atrophy [34]. Thus, GCIPL thickness
has rapidly emerged as a useful structural biomarker in

MS, even better than RNFL thickness, probably because
the neuronal cell bodies suffer an earlier affectation than
the retinal axons in MS. Some authors, ophthalmologists
and neurologists, have suggested that OCT measurements
may be more accurate than MRI parameters to determine
progression in MS patients [9, 34].

3. Parkinson Disease

Parkinson's disease {(PD) is the second most common
neurodegenerative disorder in the developed world (after
Alzheimer’s disease) and is characterized by motor symp-
toms, such as resting tremor, bradykinesia, and rigidity.
However, a large variety of nonmotor symptoms are also
present in this disease: mood [37, 38], cognitive dysfunction
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[39], autonomic failure [40], and sleep disorders [41] are
highly common in PD patients.

Vision is one of the nonmotor systems altered in PD,
reporting decreased visual acuity, contrast sensitivity, or
colour vision reduction [42-48].

Postmortem neurochemical analysis of eyes of deceased
patients diagnosed with PD has shown decreased retinal
dopamine concentration [49, 50]. Dopamine in the human
retina is released by a set of amacrine cells located in the prox-
imal inner nuclear layer of the retina. These dopaminergic
cells communicate with other types of amacrine cells modu-
lating the interconnections between bipolar and retinal gan-
glion cells and also send long processes to other retinal layers,
thus playing a pivotal role in channelling visual information
“vertically” through the retina [51]. Dopamine in the mam-
malian retina modulates colour vision and contrast sensitivity
through dopaminergic receptors (D1 and D2}, which are dif-
ferentiallylocated in the retinal layers. A completelack of this
dopaminergic receptor activation leads to signal dispersion
and alterations in colour vision and contrast sensitivity.

3.1 RNFL Thickness as a Possible Biomarker for PD Diagnosis.
Retinal changes in PD were first reported in 2004 by Inzelberg
et al. [52], who demonstrated RNFL thickness reduction in
the peripapillary area in a small group of 10 PD patients.
In the following years, research on this topic increased
dramatically and Inzelberg’s results were confirmed by other
studies using time-domain OCT [53-55]. Mean and temporal
pRNFL thickness seem to be most affected based on these
studies. Later, studies using SD-OCT also demonstrated
significant reduction of the inferior pRINFL thickness {(along
with mean and temporal reduction) [56]. Retinal thickness
in the macular area and total macular volume are also sig-
nificantly reduced in PD [53, 56-58]; however not all studies
demonstrating macular thinning in these patients could find
similar differences in the pRNFL measurements [59-61].

3.2. Macular Thickness as a Biomarker for Disease Progression
and Severity. Macular measurements appear to be an impor-
tant feature in PD. Based on Spectralis O CT measurements, a
linear discriminant function was designed by Garcia-Martin
et al. to combine parameters improving the diagnostic ability
of OCT: a calculated retinal linear discriminant function
including different macular thickness measurements yielded
the highest sensitivity at a high specificity compared to any
single parameter determined using OCT or any other linear
discriminant function calculated from pRNFL measure-
ments, suggesting that macular measurements in PD could
be a stronger marker for PD diagnosis [8]. A remodelling of
the foveal pit caused by PD has also been suggested [62].
There is an association between macular thinning and
disease progression and severity in PD. Altintaset al. demon-
strated a relation between PD severity and alterations in
foveal thickness using time-domain OCT [54]. An associ-
ation between disease severity as measured by the Hoehn
Yahr scale and macular thickness was also found using SD-
OCT [57, 63]. Disease severity based on the commonly used
Unified Parkinson’s Disease Rating Scale ITI (UPDRS IIT) and
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quality oflife (based on the Schwab England scale) is also cor-
related with macular measurements, especially temporal and
inferior sectors [57, 63]. Contrary to macular measurements,
correlations between disease severity/duration and pRNFL
thickness have proved to be scarce or nonexistent [S5, 57].

3.3. Retinal Segmentation Analysis: Ganglion Cell Layer Thick-
ness as a Biomarker for PD. As research on PD moved
forward, SD-OCT segmentation analysis was also applied to
the evaluation of the retina of PD patients (Figures 3 and 4).
In a recent study by Blennow et al, the inner retinal layer
(IRL, defined asthe internal limiting membrane + nerve fiber
layer + ganglion cell layer + inner plexiform layer down to the
inner nuclear layer interface) was found to be reduced in the
perifoveal area of PD patients compared to healthy subjects
[64]. Furthermore, when single retinal layers were measured,
reductions in the macular RNFL, the ganglion cell layer
{GCL), the inner plexiform layer (IPL), the inner nuclear
layer, and the outer plexiform layer were demonstrated [63].
However, only the GCL predicts axonal damage in PD
patients [63]. Segmentation analysis also revealed that the
inner retinal layers of the macular area (RNFL, GCL, and
IPL) are more affected with disease duration and that GCL
thickness is inversely correlated with disease duration and
disease severity [63]. Therefore and based on these recent
segmentation studies the inner retinal layers of the macular
area should be pointed at as the strongest biomarkers for PD
diagnosis and progression.

4, Alzheimer’s Disease

Alzheimer’s disease (AD) is the most frequent cause of
dementia worldwide [64]. Although it is most commonly
associated with memory deficits and cognitive impairment,
patients with AD also exhibit alterations in visual processing
[65-67]. Colour vision and contrast sensitivity alterations are
frequently present and have been suggested as predictors for
cognitive dysfunction [66].

4.1, RNFL Measurements in Alzheimer’s Disease. It has been
postulated that defects in the pRNFL may be the earliest sign
of AD, even before damage to the hippocampus occurs [68].
A reduction in the pRNFL thickness was observed in AD
patients [69-71], especially in mean and inferior sectors [72,
73]. However, one study did not find significant differences
in the pRNFL thickness between AD patients and healthy
controls [74].

4.2. Macular Measurements as a Biomarker of Disease Severity
in AD. Macular thickness and macular volume are impor-
tantly affected in patients with AD [72-75] and a correlation
between macular volume and cognitive impairment was
suggested [71]. Although foveal thickness is not considered
a useful parameter to detect atrophy in AD [76], the inner
and outer ETDRS sectors of the macula seem to be highly
affected in these patients [73]. However, it is the combination
of the pRNFL parameters (in a calculated linear discrim-
inant function) that seems to show the highest diagnostic
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(b

FIGURE 3: Example of segmentation analysis of the different retinal layers, in a cross-sectional linear scan of the macular area (a), obtained
with Spectralis optical coherence tomography, in a healthy control (b) and a patient diagnosed with Parkinson disease (c). The marked lines
are automatically provided by the segmentation software and represent the different layers of the retina. Corresponding acronyrs are also
provided by the segmentation software: ILM: inner limiting membrane; GCL: ganglion cell layer; IPL: inner plexiform layer; INL: inner
nuclear layer; OPL: outer plexiform layer; ONL: outer nuclear layer; ELM: external limiting membrane; PR: photoreceptors; MB: Bruch’s
mernbrane.
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FIGURE 4: Example of segmentation analysis of the macular ganglion cell layer, obtained with Spectralis optical coherence tomography, ina
healthy control (a) and a patient diagnosed with Parkinson disease (b). The segmentation report shows the ganglion cell layer thickness (in
microns) and total volume (in mm3) of the ETDRS macular area. In this patient (b}, the central and inner macular areas present thinning of
the ganglion cell layer, compared with the healthy control (a).
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accuracy in AD, compared to combined macular thickness
measurements or single thickness sectors [73]. More studies
on discriminant linear function including macular volume
are needed to corroborate whether macular measurements
are a good biomarker for AD diagnosis.

4.3, Retinal Segmentation Analysis: Ganglion Cell Layer Thick-
ness as a Biomarker for Diagnosis and Disease Severity in AD.
Taking a step further into research on retinal biomarkers for
AD, segmentation analysis of the retinal layers was recently
introduced in AD studies. A previous study on postmortem
AD patients did not find any evidence for ganglion cell
loss compared to controls [77]. However, the sample size in
Curcio study was extremely small. Other histopathological
studies have suggested that disease pathology in the pre-
cortical visual system (i.e., the retina and optic nerve) is a
possible mechanism underlying visual impairments observed
in AD patients and may be related to ganglion cell alterations.
Different sets of ganglion cells (parvocellular, magnocellular,
and koniocellular ganglion cells) located in the retinal GCL
result in three different pathways which identify colour and
spatial contrast at different frequencies [78-80]. Previous
studies (histologic, electroretinogram, and imaging studies)
of these pathways suggest that the general loss of magno-
cellular and parvocellular cells of the retina is likely to be
an important contributory mechanism for visual impairment
in AD [81]. Dendritic atrophy and loss of retinal ganglion
cells have also been observed in the retina of a mouse
model of AD, where the accumulation of beta-amyloid in the
inner retinal layers was observed [82]. These beta-amyloid
deposits may be responsible for the depletion of parvo- and
magnocellular cells in the retina and may be linked to visual
function impairment. Moreover, results of this study suggest
that dendritic atrophy of the retinal ganglion cells precedes
ganglion cell loss. Since dendrites of the ganglion cells are
confined to the IPL, this layer could also play a major role
as a biomarker for neuronal damage in AD [82].

According to previous studies, recent animal research
showed inner retinal dysfunction in a mouse model for AD
[83]. Retinal segmentation analysis with OCT in this animal
model demonstrated RNFL thinning, but no associated
changes were observed in the ganglion cell complex [83].
Contrary to the animal model, patients with AD present a
reduction of the RNFL, GCL, and IPL observable with the
OCT segmentation software [84, 85], and these inner layers
are also more affected in those patients with longer course
of the disease [85]. Importantly, when compared to RNFL
thickness, GCIPL presents higher sensitivity to discriminate
AD patients from controls [84]. Moreover, the GCL and
IPL are predictors of axonal damage in these patients and
GCL is associated with disease duration and severity [85].
Based on these findings, it is possible that the combination
of measurements of the retinal inner layers might be the
ultimate biomarker for diagnosis and progression in AD.

5. Future Directions

The unique accessibility of the retina and optic nerve to in
vivo measurements and the structure-function correlations
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provided by the afferent visual system in multiple sclerosis,
Parkinson’s disease, and Alzheimer’s disease make the anal-
ysis of the retinal structures a useful model system to test
new therapies. However, there are currently very few studies
focusing on the evaluation of treatment effectiveness through
OCT analysis. Further research remains to be done in a
number of areas, including practical aspects of implementing
clinical outcome measures in multicentre studies, further
validation of other biomarkers (fluid-based biomarkers and
other imaging techniques) development, and the evaluation
of new different therapies effectiveness. Longitudinal studies
are also key in the development of biomarkers for disease
progression. Most studies evaluated in this review include
only cross-sectional data, which is an important limitation
for the analysis of imaging biomarkers, especially for disease
progression and treatment effectiveness. We believe more
longitudinal studies should be carried out, especially in PD
and AD patients, since progressive changes in these two
diseases have not yet been investigated.

6. Conclusions

In the past decade, OCT technology has proved its utility
in the diagnosis and progression of neurodegenerative dis-
eases. Numerous dinical studies have demonstrated that the
RNFL and macular thickness are useful markers for disease
progression and prognosis in MS, PD, and AD. New OCT
segmentation software has also allowed better understanding
of the physiopathology of axonal degeneration in these
neurological diseases through the objective observation of
the different retinal layers. Recent research using the latest
imaging technology in ophthalmology has demonstrated that
an early damage of the anterior visual pathway occurs in MS,
PD, and AD and that the ganglion cell layer is the ultimate
biomarker for disease diagnosis, severity, and progression.
Thus, OCT technology should beused as a common and very
useful clinical complement in the diagnosis and control of
neurodegenerative disorders.
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11. LIMITACIONES DEL ESTUDIO

La correcta realizacion de las pruebas en algin caso pudo verse obstaculizada
por el mal estado general del paciente o su falta de cooperacion, lo que podria haber
causado la exclusion de los resultados de la prueba en los sujetos con mayor severidad.

Los exdmenes mediante OCT precisan de una AV minima, que permita la
fijacion visual del paciente.

En algunos casos no fue posible realizar alguna de las pruebas del protocolo
exploratorio a pacientes con muy mala funcién visual o mal estado general. Para evitar el
sesgo que se produciria al excluir a estos pacientes mas graves del estudio, se tomaron
como valores perdidos los parametros de las pruebas que no se pudieron realizar, sin
excluir a estos sujetos del analisis estadistico final.

El pequefio tamafio muestral en el caso de los estudios de EA y EP es una
importante limitacion, pudiendo afectar a la significacion estadistica.

Todos los estudios se realizaron con el OCT Cirrus HD, sin embargo hay
estudios publicados que sugieren una mayor sensibilidad con Spectralis OCT. (AEY,

EP59 EM37, 80).
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12. CONCLUSIONES

I. Los sujetos con las enfermedades neurodegenerativas de Alzheimer, Parkinson y
esclerosis multiple presentan cambios estructurales en la retina y en el nervio dptico,
detectables mediante tomografia de coherencia dptica tipo Cirrus. Se registra disminucion

del espesor de sus capas con respecto a los sujetos sanos de su misma edad.

I1. Los espesores retinianos se encuentran mas disminuidos cuanto mayor es el tiempo de

evolucion de la enfermedad.

I1l. Los pacientes con las enfermedades neurodegenerativas de Alzheimer, Parkinson y
esclerosis multiple presentan alteraciones en su capacidad visual, detectables en los test
de agudeza visual, sensibilidad al contraste y percepcion del color. La sensibilidad al
contraste es el pardmetro mas frecuentemente afectado, incluso en etapas precoces, en las

tres enfermedades.

IV. Las exploraciones en los pacientes afectos de las enfermedades neurodegenerativas
de Alzheimer, Parkinson y esclerosis multiple, presentan correlacion funcion-estructura.
La sensibilidad al contraste es el parametro funcional que mas se correlaciona con las

medidas estructurales en las tres enfermedades.

V. En la enfermedad de Alzheimer las mediciones de los espesores maculares se
correlacionan con la agudeza visual, con la sensibilidad al contraste y con la percepcion
del color medida mediante test de Farnsworth, por lo que el espesor macular puede

considerarse un indicador fiable de la alteracion de la funcién visual en dichos pacientes.

VI. En la enfermedad de Parkinson, las mediciones de los espesores maculares se
correlacionan con los parametros funcionales y la medicion del espesor de la capa de

células ganglionares se correlaciona principalmente con la percepcion del color medida
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con el test L’ Anthony. El espesor macular y de la capa de células ganglionares pueden

considerarse indicadores de la funcion visual en dichos pacientes.

VII. En la esclerosis multiple, las mediciones de los espesores maculares se correlacionan
con los parametros funcionales y principalmente con el test de percepciéon del color
L’Anthony. La medicion del espesor de la capa de células ganglionares se correlaciona
con la sensibilidad al contraste. Las mediciones de los espesores maculares y de la capa
de células ganglionares pueden considerarse buenos indicadores de la funcion visual en

dichos pacientes.

VIII. Pacientes con grados mas severos de enfermedad presentan peores mediciones en
funcion y calidad visual. En el caso de la esclerosis multiple no se encontraron
diferencias entre los grupos con y sin antecedente de neuritis Optica, sugiriendo que la

disfuncién visual es secundaria a la neurodegeneracion.

IX. La evaluacion neurooftalmoldgica funcional y estructural de los pacientes afectos de
las enfermedades neurodegenerativas de Alzheimer, Parkinson y esclerosis mdaltiple

puede servir como biomarcador en estas patologias.

CONCLUSIONS

I. Subjects with neurodegenerative diseases of Alzheimer, Parkinson and multiple
sclerosis present structural changes in the retina and optic nerve and these changes are
detectable with Cirrus OCT. Decreased thickness is detected in patients compared to

healthy controls.

I1. The longer disease duration, the fewer retinal thickness is found.
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[11. Patients with neurodegeneratives diseases such as Alzheimer, Parkinson and multiple
sclerosis show alterations in visual capacity detectable with visual acuity, contrast
sensitivity and color perception tests. Contrast sensitivity is the parameter more

frequently affected, even at early stages, in all the three pathologies.

IV. Functional-structural correlation is detected in examinations of patients with
neurodegeneratives diseases of Alzheimer, Parkinson and multiple sclerosis. Contrast
sensitivity is the functional parameter that is most strongly correlated with structural

measurements in all the three pathologies.

V. Macular thickness measurements, in patients with Alzheimer’s disease, correlate with
visual acuity, contrast sensitivity and color perception, using Farnsworth’s test, so
macular thickness can be considered a reliable indicator of visual impairment in these

patients.

VI. Macular thickness measurements, in patients with Parkinson’s disease, correlate with
functional parameters, and ganglion cell layer thickness mainly correlate with color
perception, using L’Anthony’s test. Macular and ganglion cell layer thickness can be

considered indicators of visual function in these patients.

VII. Macular thickness measurements, in patients with multiple sclerosis, correlate with
functional parameters and mainly with L’ Anthony test for color perception. Ganglion cell
layer thickness measurements correlate with contrast sensitivity. Macular and ganglion
cell layer thickness measurements can be considered good indicators of visual function in

these patients.

VIII. Patients with more severe degrees of disease present worse measurements in

function and visual quality. In case of multiple sclerosis no differences were found
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between groups with and without history of optic neuritis, suggesting that visual

dysfunction is secondary to neurodegeneration.

IX. Functional and structural neurophthalmologic examination of patients with
neurodegeneratives diseases such as Alzheimer, Parkinson and multiple sclerosis can be

used as biomarker in these pathologies.

124



13. REFERENCIAS BIBLIOGRAFICAS

1.

World Alzheimer Report 2015: The Global Impact of Dementia |
Alzheimer’s Disease International. at http://www.alz.co.uk/research/world-
report-2015

Serrano-Pozo, A., Frosch, M. P., Masliah, E, et al. Neuropathological
alterations in Alzheimer disease. Cold Spring Harb. Perspect. Med. 2011, 1,
a006189.

Carrasquillo, M.M, Belbin O, Hunter T.A et al. Replication of CLU, CR1,
and PICALM associations with Alzheimer disease. Arch. Neurol. 2010;
67(8), 961-964.

Peters, M.E, Schwartz S, Han D, et al. Neuropsychiatric symptoms as
predictors of progression to severe Alzheimer’s dementia and death: the
Cache County Dementia Progression Study. Am. J. Psychiatry 2015; 172(5),
460-465.

Huang, Y. & Mucke, L. Alzheimer Mechanisms and Therapeutic Strategies.
Cell 2012; 148(6), 1204-1222.

Matsunaga, S., Kishi, T. & Iwata, N. Memantine monotherapy for
Alzheimer’s disease: a systematic review and meta-analysis. PloS One 2015;
10(4): e01232809.

Sadun, A.A., Borchert, M., DeVita, E., et al. Assessment of visual
impairment in patients with Alzheimer’s disease. Am. J. Ophthalmol. 1987;
104, 113-120.

Katz, B. & Rimmer, S. Ophthalmologic manifestations of Alzheimer’s

disease. Surv. Ophthalmol. 1989; 34(1), 31-43.

125


http://www.alz.co.uk/research/world-report-2015
http://www.alz.co.uk/research/world-report-2015

10.

11.

12.

13.

14.

15.

16.

17.

Cogan, D. G. Visual disturbances with focal progressive dementing disease.
Am. J. Ophthalmol. 1985; 100(1), 68-72.

Mendez, M.F., Mendez, M.A., Martin, R., et al. Complex visual disturbances
in Alzheimer’s disease. Neurology 1990; 40(3): 439-443.

Cronin-Golomb A, Corkin S, Rizzo JF, et al. Visual dysfunction in
Alzheimer's disease: relation to normal aging. Ann Neurol 1991;29(1):41-52.
Erratum in: Ann Neurol 1991;29(3):271.

Cronin-Golomb A, Corkin S, Growdon JH. Visual dysfunction predicts
cognitive deficits in Alzheimer's disease. Optom Vis Sci 1995;72(3):168-76.

Denise A, Valenti, O.D. Alzheimer’s disease: Visual system review.
Optometry 2010;81:12-21.

Blanks JC, Torigoe Y, Hinton DR, et al.. Retinal pathology in Alzheimer's
Disease |. Ganglion cell loss in foveal/parafoveal retina. Neurobiol Aging
1996;17(3):377-84.

Polo V, Garcia-Martin E, Bambo MP, et al. Reliability and validity of Cirrus
and Spectralis optical coherence tomography for detecting retinal atrophy in
Alzheimer’s disease. Eye (Lond) 2014;28(6):680-90.

Garcia-Martin ES, Rojas B, Ramirez Al, et al. Macular thickness as a
potential biomarker of mild Alzheimer’s disease. Ophthalmology
2014;121(5):1149-51.

Valenti DA. Alzheimer’s disease and glaucoma: imaging the biomarkers of
neurodegenerative disease. Int J Alzheimers Dis 2011;2010:793931 doi:

10.4061/2010/793931.

126



18.

19.

20.

21.

22.

23.

24,

25.

26.

Bambo MP, Garcia-Martin E, Otin S, et al. Visual function and retinal nerve
fibre layer degeneration in patients with Alzheimer disease: correlations with
severity of dementia. Acta Ophthalmol. 2015 Sep;93(6): e507-8.

Hof, P. R. & Morrison, J. H. Quantitative analysis of a vulnerable subset of
pyramidal neurons in Alzheimer’s disease: Il. Primary and secondary visual
cortex. J. Comp. Neurol. 1990; 301, 55-64.

Lewis, D. A., Campbell, M. J., Terry, R. D. et al. Laminar and regional
distributions of neurofibrillary tangles and neuritic plaques in Alzheimer’s
disease: a quantitative study of visual and auditory cortices. J. Neurosci. Off.
J. Soc. Neurosci. 1987; 7, 1799-1808.

Park A, Stacy M. Non-motor symptoms in Parkinson’s disease. J Neurol.
2009;256 (Suppl 3):293-8.

Braak H, Del Tredici K, Bratzke H, et al. Staging of the intracerebral
inclusion body pathology associated with idiopathic Parkinson's disease
(preclinical and clinical stages). J Neurol. 2002;249 Suppl 3:111/1-5.
Bodis-Wollner I. Retinopathy in Parkinson Disease. J Neural Transm.
2009;116(11):1493-501.

Archibald NK, Clarke MP, Mosimann UP, et al. The retina in Parkinson’s
disease. Brain 2009;132(Pt 5):1128-45.

Satue M, Garcia-Martin E, Fuertes I, et al. Use of Fourier-domain OCT to
detect retinal nerve fiber layer degeneration in Parkinson's disease patients.
Eye 2013; 27(4):507-14.

Bambo MP, Garcia-Martin E, Satue M, et al. Measuring hemoglobin levels
in the optic disc of Parkinson’s disease patients using new colorimetric

analysis  software.  Parkinson’s  Disease. = 2014Parkinsons  Dis.

127



27.

28.

29.

30.

31.

32.

33.

34.

35.

2014;2014:946540. doi: 10.1155/2014/946540. Epub 2014 Dec 23.
PMID:25587487

Price MJ, Feldman RG, Adelberg D, et al. Abnormalities in color vision and
contrast sensitivity in Parkinson's disease. Neurology 1992;42(4):887-90.
Nowacka B, Lubinski W, Karczewicz D. Ophthalmological and
electrophysiological features of Parkinson's disease. Klin Oczna.
2010;112(7-9):247-52.

Inzelberg R, Ramirez JA, Nisipeanu P, et al. Retinal nerve fiber layer
thinning in Parkinson disease. Vision Res. 2004;44(24):2793-97.

Palace J. Inflammation versus neurodegeneration: consequences for
treatment. J. Neurol. Sci. 2007; 259: 46-49.

Hauser SL, Oksenberg JR. The neurobiology of multiple sclerosis: genes,
inflammation, and neurodegeneration. Neuron 2006; 52: 61-76.

Khanifar AA, Parlitsis GJ, Ehrlich JR, et al. Retinal nerve fiber layer
evaluation in multiple sclerosis with spectral domain optical coherence
tomography. Clin Ophthalmol. 2010; 4: 1007-1013.

Sergott RC. Optical coherence tomography: measuring in-vivo axonal
survival and neuroprotection in multiple sclerosis and optic neuritis. Curr.
Opin. Ophthalmol. 2005; 16: 346-350.

Zaveri MS, Conger A, Salter A, et al. Retinal imaging by laser polarimetry
and optical coherence tomography evidence of axonal degeneration in
multiple sclerosis. Arch. Neurol. 2008; 65: 924-928.

Gundogan FC, Demirkaya S, Sobaci G. Is optical coherence tomography
really a new biomarker candidate in multiple sclerosis? A structural and

functional evaluation. Invest Ophthalmol. Vis. Sci. 2007; 48: 5773-5781.

128



36.

37.

38.

39.

40.

41.

42.

Garcia-Martin E, Pueyo V, Martin J, et al. Progressive changes in the retinal
nerve fiber layer in patients with multiple sclerosis. Eur J Ophthalmol. 2010;
20(1): 167-73.

Garcia-Martin E, Pueyo V, Pinilla I, et al. Fourier-Domain OCT in multiple
sclerosis patients: Reproducibility and ability to detect retinal nerve fiber
layer atrophy. Invest Ophthalmol Vis Sci. 2011;52(7):4124-31. doi:
10.1167/i0vs.10-6643 PMID: 21436273

Frohman EM, Dwyer MG, Frohman T, et al. Relationship of optic nerve and
brain conventional and non-conventional MRI measures and retinal nerve
fiber layer thickness, as assessed by OCT and GDx: a pilot study. J Neurol
Sci. 2009; 282(1-2): 96-105.

Lamirel C, Newman NJ, Biousse V. Optical coherence tomography (OCT)
in optic neuritis and multiple sclerosis. Rev Neurol (Paris) 2010; 166(12):
978-986.

Talman LS, Bisker ER, Sackel DJ, et al. Longitudinal study of vision and
retinal nerve fiber layer thickness in multiple sclerosis. Ann Neurol 2010;
67(6): 749-760.

Fisher JB, Jacobs DA, Markowitz CE, et al. Relation of visual function to
retinal nerve fiber layer thickness in multiple sclerosis. Ophthalmology
2006; 113:324-32.

Gordon-Lipkin E, Chodkowski B, Reich DS, et al. Retinal nerve fiber layer
is associated with brain atrophy in multiple sclerosis. Neurology 2007

69(16):1603-9.

129



43.

44,

45.

46.

47.

48.

49.

50.

Fairless R, Williams SK, Hoffmann DB, et al. Preclinical retinal
neurodegeneration in a model of multiple sclerosis. J Neurosci. 2012;
32:5585-97. doi: 10.1523/ INEUROSCI.5705-11.2012

MacDonald WI, Barnes D. The ocular manifestation of multiple sclerosis. 1.
Abnormalities in the afferent visual system. J Neurol Neurosurg Psychiatry.
1992; 55:747-52.

Balcer LJ, Frohman EM. Evaluating loss of visual function in multiple
sclerosis as measured by lowcontrast letter acuity. Neurology. 2010;
74(Suppl 3):16-23.

Villoslada P, Cuneo A, Gelfand J, et al. Color vision is strongly associated
with retinal thinning in multiple sclerosis. Mult Scler J. 2012; 18:991-9.
Leat SJ, Legge GE, Bullimore MA. What is low vision? A re-evaluation of
definitions. Optom Vis Sci. 1999; 76(4):198-211.

Saidha S, Syc SB, Durbin MK, et al. Visual dysfunction in multiple
sclerosis correlates better with optical coherence tomography derived
estimates of macular ganglion cell thickness than peripapillary retinal nerve
fiber layer thickness. Mult Scler. 2011; 17:1449-63. doi:
10.1177/1352458511418630

Burkholder BM, Osborne B, Loguidice MJ, et al. Macular volume
determined by optical coherence tomography as a measure of neuronal loss
in  multiple sclerosis.  Arch  Neurol. 2009; 66:1366-72. doi:
10.1001/archneurol.2009.230

Saidha S, Sotirchos ES, Oh J, et al. Relationships between retinal axonal and
neuronal measures and global central nervous system pathology in multiple

sclerosis. JAMA Neurol 2013; 70:34-43. doi: 10.1001/jamaneurol.2013.573

130



51.

52.

53.

54.

55.

56.

57.

58.

Cifelli A, Arridge M, Jezzard P, et al. Thalamic neurodegeneration in
multiple sclerosis. Ann Neurol. 2002; 52(5): 650-3.

Garcia-Martin  E, Rodriguez-Mena D, Herrero R, et al. Neuro-
ophthalmologic evaluation, quality of life, and functional disability in
patients with MS. Neurology. 2013; 81:76-83.doi:
10.1212/WNL.0b013e318299ccd9

Schuman JS, Pedut-Kloizman T, Hertzmark E, et al. Reproducibility of
nerve fibre layer thickness measurements using optical coherence
tomography. Ophthalmology 1996;103(11):1889-98

Hajee ME, March WF, Lazzaro DR, et al. Inner retinal layer thinning in
Parkinson disease. Arch Ophthalmol 2009; 127(6):737-41; Erratum in: Arch
Ophthalmol 2009; 127(12):1615.

Aaker GD, Myung JS, Ehrlich JR, et al. Detection of retinal changes in
Parkinson’s disease with spectral-domain optical coherence tomography.
Clin Ophthalmol 2010; 4:1427-32.

Spund B, Ding Y, Liu T, et al. Remodeling of the fovea in Parkinson
disease. J Neural Transm 2013; 120(5):745-53.

Rohani M, Langroodi AS, Ghourchian S, et al. Retinal nerve changes in
patients with Q9 tremor dominant and akinetic rigid Parkinson’s disease.
Neurol Sci 2013; 34(5):689-93.

Garcia-Martin E, Satue M, Fuertes I, et al. Ability and reproducibility of
Fourier-domain OCT to detect retinal nerve fiber layer atrophy in Parkinson

disease patients. Ophthalmology 2012; 119(10):2161-7.

131



59.

60.

61.

62.

63.

64.

65.

66.

67.

Fisher JB, Jacobs DA, Markowitz CE, et al. Relation of visual function to
retinal nerve fiber layer thickness in multiple sclerosis. Ophthalmology
2006; 113:324-32.

Gordon-Lipkin E, Chodkowski B, Reich DS, et al. Retinal nerve fiber layer
Is associated with brain atrophy in multiple sclerosis. Neurology 2007;
69:1603-9.

Garcia-Martin  E, Rodriguez-Mena D, Herrero R, et al. Neuro-
ophthalmologic evaluation, quality of life and functional disability in MS
patients. Neurology 2013;81(1):76-83.

McKhann, G, Drachman D, Folstein M, et al. Clinical diagnosis of
Alzheimer’s disease: report of the NINCDS-ADRDA Work Group under the
auspices of Department of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 1984; 34(7): 939-944.

American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders. (American Psychiatric Association, 2013)

Hughes AJ, Daniel SE, Kilford L, et al. Accuracy of clinical diagnosis of
idiopathic Parkinson’s disease. A clinico-pathological study of 100 cases.
Neurodegener Dis 2010;7(5):284-90.

Reichmann H. Clinical criteria for the diagnosis of Parkinson's disease.
Neurodegenerative Dis 2010;7:284-90.

De Lau LM, Breteler MM. Epidemiology of Parkinson’s disease. Lancet
Neurol 2006;5(6):525-35.

Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple
sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol

2011;69(2):292-302

132



68.

69.

70. .

71.

72.

73.

74.

75.

76.

77.

Han, L., Cole, M., Bellavance, F. et al. Tracking cognitive decline in
Alzheimer’s disease using the mini-mental state examination: a meta-
analysis. Int. Psychogeriatr. IPA 2000; 12(2), 231-247.

Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality.
Neurology 1967;17(5):427-42.

Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an
expanded disability status scale (EDSS). Neurology 1983;33(11):1444-52.
Bailey, I. L. & Lovie, J. E. New design principles for visual acuity letter
charts. Am. J. Optom. Physiol. Opt. 1976; 53(11): 740-745.

Owsley, C. & Sloane, M. E. Contrast sensitivity, acuity, and the perception
of ‘real-world’ targets. Br. J. Ophthalmol. 1987; 71(10): 791-796.

Satue M, Bambo M, Garcia-Martin E, et al. Correlation between function
and structure of retinal nerve fiber layer in Parkinson disease. Acta
Ophthalmol 2012;90.

Almog Y, Nemet A. The correlation between visual acuity and color vision
as an indicator of the cause of visual loss. Am J Ophthalmol
2010;149(6):1000-4.

Grigsby SS, Vingrys AJ, Benes SC, et al. Correlation of chromatic, spatial,
and temporal sensitivity in optic nerve disease. Invest Ophthalmol Vis Sci
1991;32(13):3252-62.

Linksz, A. The Farnsworth panel D-15 test. Am. J. Ophthalmol. 1966; 62(1):
27-37.

Dain, S. J. Clinical colour vision tests. Clin. Exp. Optom. 2004; 87(4-5):

276-293.

133



78. Vingrys AJ, King-Smith PE. A quantitative scoring technique for panel tests
of color vision. Invest Ophthalmol Vis Sci. 1988; 29(1):50-63.

79. Bowman AJ. A method for quantitative scoring of the Farnsworth panel
D15. Acta Ophthalmol. 1982; 60:907-16.

80. Gonzélez-Lopez JJ, Rebolleda G, Leal M, et al. Comparative Diagnostic
Accuracy of Ganglion Cell-Inner Plexiform and Retinal Nerve Fiber Layer
Thickness Measures by Cirrus and Spectralis Optical Coherence
Tomography in Relapsing-Remitting Multiple Sclerosis. BioMed Research

International 2014, http://dx.doi.org/10.1155/2014/128517.

134


http://dx.doi.org/10.1155/2014/128517

14. APENDICES

Apéndice |. Factor de impacto de las revistas y areas tematicas.

1. Autores: Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes
MI, Bambo MP, Pablo LE, Satue M.
Titulo: Visual dysfunction and its correlation with retinal changes in patients
with Alzheimer’s disease.
Revista: EYE. (en prensa).
ISSN: 0950-222X
indice de Impacto (JCR 2015): 2,213
Posicidn entre las revistas de oftalmologia en el JCR 2015: 19/56. Cuartil 2.

Area tematica de la revista: Oftalmologia.

2. Autores: Polo V, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes
M1, Larrosa JM, Pablo LE, Garcia-Martin E.
Titulo: Visual dysfunction and its correlation with retinal changes in
patients with Parkinson disease.
Revista: British Medical Journal Open (BMJ Open).
ISSN: 2044-6055
PMID: 27154474
indice de Impacto (JCR 2015): 2,562
Posicion entre las revistas de Medicina General e Interna (Medicine, General &
Internal) en el JCR 2014: 40/154. Cuartil 1.

Area tematica de la revista: Medicina.

135



3. Autores: Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes MI, Ara JR, Martin
J, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E.
Titulo: Relationship between visual dysfunction and retinal changes in patients
with multiple sclerosis.
Revista: Plos One.
ISSN: 1932-6203
PMID: 27351450
indice de Impacto (JCR 2015): 3,54
Posicion entre las revistas de Ciencias Multidisciplinar (Multidisciplinary
Sciences) en el JCR 2015: 9/57. Cuartil 1.

Area temética de la revista: Ciencias multidisciplinares.

4. Autores: Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes Ml, Vilades E, Gracia
H, Ara JR, Alarcia R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E.
Titulo: Optical Coherence Tomography as a Biomarker for Diagnosis,
Progression, and Prognosis of Neurodegenerative Diseases.
Revista: Journal of Ophthalmology.
ISSN: 2090-004X (Print), ISSN: 2090-0058 (Online)
PMID: 27840739
indice de Impacto (JCR 2015): 1.463.
Posicion entre las revistas de oftalmologia: Cuartil 2.

Area temética de la revista: Oftalmologia.

136



Apéndice Il. Justificacion de la contribucion del doctorando en cada publicacion.

1. Polo V, Rodrigo MJ, Garcia-Martin E, Otin S, Larrosa JM, Fuertes Ml,
Bambo MP, Pablo LE, Satue M. Visual dysfunction and its correlation
with retinal changes in patients with Alzheimer’s disease. Eye (Lond)

2017 (en prensa).

El doctorando realiz6 todo el trabajo de campo con los pacientes y las pruebas
oftalmoldgicas, coordino el resto de pruebas, realizo la recogida de datos, y participd en
la redaccion del articulo, en la realizacion de los diversos analisis estadisticos, en la

revision y en la correccion del articulo cientifico.

2. Polo V, Satue M, Rodrigo MJ, Otin S, Alarcia R, Bambo MP, Fuertes
MI, Larrosa JM, Pablo LE, Garcia-Martin E. Visual dysfunction and its
correlation with retinal changes in patients with Parkinson’s disease: an

observational cross-sectional study. BMJ Open 2016;6:e009658.

El doctorando realiz6 todo el trabajo de campo con los pacientes y las pruebas
oftalmoldgicas, coordind el resto de pruebas, realiz6 la recogida de datos, la redaccion del
articulo y participo en la realizacion de los diversos analisis estadisticos, en la redaccion,

la revision y la correccion del articulo cientifico.

3. Satue M, Rodrigo MJ, Otin S, Bambo MP, Fuertes Ml, Ara JR, Martin
J, Polo V, Larrosa JM, Pablo L, Garcia-Martin E. Relationship between
visual dysfunction and retinal changes in patients with multiple

sclerosis. PLoS ONE 2016;11(6):e0157293.

137



El doctorando realiz todo el trabajo de campo con los pacientes y las pruebas
oftalmoldgicas, coordind el resto de pruebas, realiz6 la recogida de datos, la redaccion del
articulo y participé en la realizacion de los diversos andlisis estadisticos, en la redaccion,

la revision y la correccidn del articulo cientifico.

4. Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes MI, Vilades E, Gracia H,
Ara JR, Alarcia R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E.
Optical coherence tomography as a biomarker for diagnosis,
progression, and prognosis of neurodegenerative diseases. J

Ophthalmol. 2016;2016:8503859. Review.

El doctorando realiz6 la revision de los articulos cientificos recientes en torno al
tema revisado, y particip6d en la posterior redaccion, asi como en la revision y en la

correccion del articulo definitivo.

138



Apéndice Ill. Renuncia de los coautores no doctores a usar el articulo en su
propia tesis doctoral.

Yo, Javier Obis Alfaro, que figuro como coautor del siguiente articulo:
Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes MI, Vilades E, Gracia H, Ara JR, Alarcia
R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E. Optical coherence tomography as a

biomarker for diagnosis, progression, and prognosis of neurodegenerative diseases. J

Ophthalmol. 2016;2016:8503859. Review.

Renuncio a presentar dicho trabajo como parte de mi tesis doctoral.

En Zaragoza, a 15 de Enero de 2017

Fdo: Javier Obis Alfaro

139



Yo, Elisa Viladés Palomar, que figuro como coautor del siguiente articulo:

Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes MI, Vilades E, Gracia H, Ara JR, Alarcia
R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E. Optical coherence tomography as a
biomarker for diagnosis, progression, and prognosis of neurodegenerative diseases. J

Ophthalmol. 2016;2016:8503859. Review.

Renuncio a presentar dicho trabajo como parte de mi tesis doctoral.

En Zaragoza, a 15 de Enero de 2017

Fdo: Elisa Viladés Palomar

/”
/"/

140



Yo, Héctor Gracia Cabrera, que figuro como coautor del siguiente articulo:

Satue M, Obis J, Rodrigo MJ, Otin S, Fuertes Ml, Vilades E, Gracia H, Ara JR, Alarcia
R, Polo V, Larrosa JM, Pablo LE, Garcia-Martin E. Optical coherence tomography as a
biomarker for diagnosis, progression, and prognosis of neurodegenerative diseases. J

Ophthalmol. 2016;2016:8503859. Review.
Renuncio a presentar dicho trabajo como parte de mi tesis doctoral.

En Zaragoza, a 15 de Enero de 2017

Fdo: Héctor Gracia Cabrera

141



Apéndice IV: Consentimientos informados: EA, EP y EM.

Evaluacidn de la funcion visual y de la capa de fibras nerviosas de la retina.

Version 2, fecha de 12 / Febrero /2012.

HOJA DE INFORMACION AL PACIENTE

Se le va a realizar una evaluacion de su funcion visual. Con el objetivo de
mejorar continuamente la calidad asistencial a los pacientes, los Servicios de
Oftalmologia, Neurologia y Neurofisiologia del Hospital Miguel Servet de Zaragoza
estan desarrollando un estudio de investigacion en que se pretende cuantificar la

afectacion visual en pacientes del area sanitaria.

Para ello se le llevaran a cabo las exploraciones enumeradas a continuacion:
agudeza visual (que consiste en cuantificar cuantas letras puede usted discriminar a 6
metros de distancia), sensibilidad al contraste (que consiste en cuantificar cuantas letras
puede usted discriminar a 1 metro de distancia variando la luminosidad de las letras),
vision de colores (que consiste en cuantificar si es capaz de distinguir los colores entre
si), Tomografia de coherencia Optica (que consiste en una fotografia del ojo que nos
permite observar sus estructuras), Potenciales evocados visuales y Electro-retinograma
(que son dos pruebas en las que usted deberd mirar un punto fijo en una pantalla
mientras le registramos su actividad cerebral con un casco colocado sobre su cabeza).
Todas estas exploraciones son no invasivas ni dolorosas y se llevaran a cabo en las
consultas externas del Hospital Miguel Servet, en una revision a cargo del Servicio de
Oftalmologia y otra del Servicio de Neurofisiologia. Estas pruebas nos permiten evaluar
el estado de su sistema visual y detectar la presencia de patologias del mismo en caso de

que existan, posibilitando asi su posterior tratamiento si se considerara adecuado.
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Su participacion en este estudio no implica la realizacion de exploraciones
complementarias que no le serian realizadas en caso de no participar en el mismo, sino
la aceptacion de que, de modo absolutamente confidencial, sean recogidos y utilizados
los resultados de sus exploraciones con el objetivo de dicho proyecto de investigacion.
Su participacion es voluntaria y puede abandonar el estudio en el momento en que lo

decida, sin que esto tenga repercusion alguna en su atencién sanitaria futura.

El equipo investigador encargado de dicho estudio seran las doctoras Elena
Garcia Martin y Maria Pilar Bambo6 Rubio, oftalmologas del Hospital Miguel Servet de
Zaragoza; con las que podré contactar a lo largo del estudio en cualquier momento que

asi lo desee, acudiendo al servicio de oftalmologia de dicho hospital.

Evaluacidn de la funcion visual y de la capa de fibras nerviosas de la retina.

Version 2, fecha de 12 / Febrero /2012.

CONSENTIMIENTO INFORMADO

Titulo del proyecto: “Evaluacion de la funcion visual y de la capa de fibras

nerviosas de la retina”.

Y 0, et (nombre y apellidos)
he leido la hoja de informacién que se me ha entregado, he podido hacer preguntas

sobre el estudio, habiendo recibido suficiente informacion sobre el estudio.

Comprendo que mi participacion es voluntaria y que puedo retirarme del estudio
en el momento en que lo desee, sin tener que dar explicaciones y sin que esto repercuta

en mis cuidados médicos.
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De este modo, presto libremente mi conformidad para participar en el estudio y
para que mis datos clinicos sean revisados para los fines del mismo, consciente de que

este consentimiento es revocable.

Firma del paciente

DNI:

Fecha:

Firma del representante legal:

DNI:

Fecha:

Como investigador del estudio he explicado la naturaleza y el propdsito del

mismo al paciente mencionado.

Firma del investigador

N° Colegiado:

Fecha:
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Evaluacidon de la funcion visual y de la capa de fibras nerviosas de la retina en
pacientes con Enfermedad de Parkinson.

Version 2, fecha de 17/Marzo/2012

HOJA DE INFORMACION AL PACIENTE

Se le va a realizar una evaluacién de su funcion visual. Con el objetivo de
mejorar continuamente la calidad asistencial a los pacientes, los Servicios de
Oftalmologia, Neurologia y Neurofisiologia del Hospital Miguel Servet de Zaragoza
estan desarrollando un estudio de investigacion en el que se pretende evaluar si existe

afectacion visual debida a la enfermedad de Parkinson.

Para ello se le llevaran a cabo las exploraciones enumeradas a continuacion:
agudeza visual (que consiste en cuantificar cuantas letras puede usted discriminar a 6
metros de distancia), sensibilidad al contraste (que consiste en cuantificar cuantas letras
puede usted discriminar a 1 metro de distancia variando la luminosidad de las letras),
vision de colores (que consiste en cuantificar si es capaz de distinguir los colores entre
si), Tomografia de coherencia dptica (que consiste en una fotografia del ojo que nos
permite observar sus estructuras), Potenciales evocados visuales y Electro-retinograma
(que son dos pruebas en las que usted deberd mirar un punto fijo en una pantalla
mientras le registramos su actividad cerebral con un casco colocado sobre su cabeza).
Todas estas exploraciones son no invasivas ni dolorosas y se llevaran a cabo en las
consultas externas del Hospital Miguel Servet, en una revision a cargo del Servicio de
Oftalmologia y otra del Servicio de Neurofisiologia. Estas pruebas nos permiten evaluar
el estado de su sistema visual y detectar la presencia de patologias del mismo en caso de
que existan, posibilitando asi su posterior tratamiento si se considerara adecuado. Los

resultados de las pruebas realizadas seran analizados estadisticamente y comparados con
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la poblacion sana para poder evaluar si existe una alteracion en la funcion visual debida

a la enfermedad de Parkinson.

Su participacion en este estudio no implica la realizacion de exploraciones
complementarias que no le serian realizadas en caso de no participar en el mismo, sino
la aceptacion de que, de modo absolutamente confidencial y siguiendo la LO 15/99 de
proteccion de datos de caracter personal, sean recogidos y utilizados los resultados de
sus exploraciones con el objetivo de dicho proyecto de investigacion. Su participacion
es voluntaria y puede abandonar el estudio en el momento en que lo decida, sin que esto

tenga repercusion alguna en su atencion sanitaria futura.

En el caso de encontrar alguna alteracion oftalmoldgica inesperada que requiera
de tratamiento se derivard al paciente al departamento correspondiente para su

evaluacion y tratamiento adecuado.

El equipo investigador encargado de dicho estudio seran las doctoras Elena
Garcia Martin y Maria Satué Palacian, oftalmdlogas del Hospital Miguel Servet de
Zaragoza; con las que podra contactar a lo largo del estudio en cualquier momento que
asi lo desee, acudiendo al servicio de oftalmologia de dicho hospital. Asi mismo, el
equipo investigador estara en contacto con la Asociacion de Parkinson de Aragon, para
la divulgacion de resultados obtenidos en el estudio mediante charlas orientativas y

articulos que promueve dicha Asociacion.

Ningin componente del equipo investigador va a obtener beneficio econémico

ni de otra clase a través de la realizacion de este estudio.
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Evaluacion de la funcion visual y de la capa de fibras nerviosas de la retina en
pacientes con Enfermedad de Parkinson.

Version 2, fecha de 17/Marzo/2012

CONSENTIMIENTO INFORMADO

Titulo del proyecto: “Evaluacién de la funcion visual y de la capa de fibras

nerviosas de la retina en pacientes con Enfermedad de Parkinson”.

Y 0, ot (nombre y apellidos)
he leido la hoja de informacion que se me ha entregado, he podido hacer preguntas

sobre el estudio, habiendo recibido suficiente informacion sobre el estudio.

Comprendo que mi participacion es voluntaria y que puedo retirarme del estudio
en el momento en que lo desee, sin tener que dar explicaciones y sin que esto repercuta

en mis cuidados médicos.

De este modo, presto libremente mi conformidad para participar en el estudio y
para que mis datos clinicos sean revisados para los fines del mismo, consciente de que

este consentimiento es revocable.

Firma del paciente

DNI:

Fecha:
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Firma del representante legal:

DNI:

Fecha:

Como investigador del estudio he explicado la naturaleza y el propdsito del

mismo al paciente mencionado.

Firma del investigador

N° Colegiado:

Fecha:
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Evaluacion de los tratamientos para la Esclerosis Multiple empleando el analisis
periodico de la capa de fibras nerviosas de la retina como marcador de degeneracion
axonal.

Version 2, fecha de 12/Febrero/2012.

HOJA DE INFORMACION AL PACIENTE

Se le va a realizar una evaluacion de su funcion visual para valorar si se
encuentra afectada como consecuencia de la degeneracion neuronal que aparece de
modo subagudo a lo largo de la evolucion de la enfermedad de Esclerosis Multiple. Con
el objetivo de mejorar continuamente la calidad asistencial a los pacientes, los Servicios
de Oftalmologia, Neurologia y Neurofisiologia del Hospital Miguel Servet de Zaragoza
estdn desarrollando un estudio de investigacion en que se pretende cuantificar la
afectacion visual de pacientes que como usted padecen Esclerosis Multiple y determinar
si dicha evaluacion puede ser atil como marcador de progresion de la enfermedad y de

respuesta a los tratamientos administrados.

Para ello se le llevardan a cabo las exploraciones enumeradas a continuacion:
agudeza visual (que consiste en cuantificar cuantas letras puede usted discriminar a 6
metros de distancia), sensibilidad al contraste (que consiste en cuantificar cuantas letras
puede usted discriminar a 1 metro de distancia variando la luminosidad de las letras),
vision de colores (que consiste en cuantificar si es capaz de distinguir los colores entre
si), Tomografia de coherencia dptica (que consiste en una fotografia del ojo que nos
permite observar sus estructuras), Potenciales evocados visuales y Electro-retinograma
(que son dos pruebas en las que usted deberd mirar un punto fijo en una pantalla
mientras le registramos su actividad cerebral con un casco colocado sobre su cabeza).
Todas estas exploraciones son no invasivas ni dolorosas y se llevaran a cabo en las

consultas externas del Hospital Miguel Servet, en una revision a cargo del Servicio de
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Oftalmologia y otra del Servicio de Neurofisiologia. Estas pruebas nos permiten evaluar
el estado de su sistema visual y detectar la presencia de patologias del mismo en caso de

que existan, posibilitando asi su posterior tratamiento si se considerara adecuado.

Su participacion en este estudio no implica la realizacion de exploraciones
complementarias que no le serian realizadas en caso de no participar en el mismo, sino
la aceptacion de que, de modo absolutamente confidencial, sean recogidos y utilizados
los resultados de sus exploraciones con el objetivo de dicho proyecto de investigacion.
Su participacion es voluntaria y puede abandonar el estudio en el momento en que lo

decida, sin gque esto tenga repercusion alguna en su atencion sanitaria futura.

El equipo investigador encargado de dicho estudio seran las doctoras Elena
Garcia Martin y Raquel Herrero Latorre, oftalmologas del Hospital Miguel Servet de
Zaragoza; con las que podra contactar a lo largo del estudio en cualquier momento que

asi lo desee, acudiendo al servicio de oftalmologia de dicho hospital.

Evaluacidn de los tratamientos para la Esclerosis Multiple empleando el analisis
periddico de la capa de fibras nerviosas de la retina como marcador de degeneracién
axonal.

Version 2, fecha de 12/Febrero/2012.

CONSENTIMIENTO INFORMADO

Titulo del proyecto: “Evaluacion de los tratamientos para la Esclerosis Multiple
empleando el analisis periddico de la capa de fibras nerviosas de la retina como

marcador de degeneracién axonal.”
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Y 0, ot (nombre y apellidos)
he leido la hoja de informacion que se me ha entregado, he podido hacer preguntas

sobre el estudio, habiendo recibido suficiente informacion sobre el estudio.

Comprendo que mi participacion es voluntaria y que puedo retirarme del estudio
en el momento en que lo desee, sin tener que dar explicaciones y sin que esto repercuta

en mis cuidados médicos.

De este modo, presto libremente mi conformidad para participar en el estudio y
para que mis datos clinicos sean revisados para los fines del mismo, consciente de que

este consentimiento es revocable.

Firma del paciente
DNI:

Fecha:

Como investigador del estudio he explicado la naturaleza y el propésito del

mismo al paciente mencionado.

Firma del investigador
N° Colegiado:

Fecha:
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Apéndice V: Documentacién del Comité Etico de Investigacion Clinica de Aragén
(CEICA).

. Inf Dict: F bl
=== GOBIERNO vyt Tvastigastin Blomddica
_.‘“iw DE ARAGON CP. CL PI12/000

Departamento de Sanidad, 15 de febrero de 2012
Bienestar Social y Familia

/CEIC Aragon (CEICA)

Dfia. Maria Gonzalez Hinjos, Secretaria del CEIC Aragon (CEICA)

CERTIFICA

19, Que el CEIC Aragén (CEICA) en su reunién del dia 15/02/2012, Acta N° 03/2012 ha evaluado la propuesta del
investigador referida al estudio:

Titulo: Evaluacién de la funcion visual y de la capa de fibras nerviosas de la retina en los pacientes con
Enfermedad de Alzheimer.

Versién Protocolo: enero 2012
Versién hoja de informacién al paciente y V2, de 12/02/2012
consentimiento informado

10, Considera que

- El proyecto se plantea siguiendo los requisitos de la Ley 14/2007, de 3 de julio, de Investigacion Biomédica y su
realizacion es pertinente.

- Se cumplen los requisitos necesarios de idoneidad del protocolo en relacién con los objetivos del estudio y estan
justificados los riesgos y molestias previsibles para el sujeto.

- Son adecuados tanto el procedimiento para obtener el consentimiento informado como la compensacion prevista
para los sujetos por dafios que pudieran derivarse de su participacién en el estudio.

- Elalcance de las compensaciones econémicas previstas no interfiere con el respeto a los postulados éticos.

- La capacidad de los Investigadores y los medios disponibles son apropiados para llevar a cabo el estudio.

29, Por lo que este CEIC emite un DICTAMEN FAVORABLE.

30, Este CEIC acepta que dicho estudio sea realizado en los siguientes Centros por los Investigadores:

Elena Garcia Martin

Lo que firmo en Zaragoza, a 15 de febrero de 2012

Fdo:
& NI
Sty A 4
— Al
~Bna. N@@;Gonzalez Hinjos
\9 Secretaria dél CEIC Aragon (CEICA)
%\ 0
Ao i ca /ﬁ
Departamento de Salud y Consumo del Gobierno de
Avda Gomez Laguna 25 Zaragoza 50009 Zaragoza Esp
Tel. 976 71 48 57 Fax. 976 71 55 54  Correo electrénicc mgenzalezh.ceic@ 5
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GOBIERNO COMITE ETICO DE INVESTIGACION
DE ARAGON CLINICA DE ARAGON (CEICA)

Departamento de Salud y Consurmo

Avda. Gémez Laguna, 25 planta 11
50009 Zaragoza

COMPOSICION DEL COMITE ETICO DE INVESTIGACION CLIiNICA DE ARAGON

Dra. Maria Gonzalez Hinjos, Secretaria del Comité Etico de Investigacion Clinica de Aragon,

CERTIFICA

1° En la reunion celebrada el dia 15 de febrero de 2012, correspondiente al Acta n® CP03/2012, se
cumplieron los requisitos establecidos en la legislacion vigente -Real Decreto 223/2004 y Decreto 26/2003
del Gobierno de Aragén, madificado por el Decreto 292/2005— para que la decision del citado CEIC sea

valida.

3° El CEIC de Aragdn, tanto en su composicién, como en sus PNT, cumple con las normas de BPC.

4° La composicién del CEIC de Aragén en la citada fecha, era la siguiente:

Para q

Zaragoza, a 15 de febrero de 2012

Presidente: Cesar Loris Pablo; Médico. Servicio de Pediatria. Hospital Universitario Miguel Servet.
Representante de Comisién de Investigacion.

Vicepresidente: Carlos Aibar Remon; Médico. Servicio de Medicina Preventiva y Salud Publica.
Hospital Clinico Universitario Lozano Blesa. Profesional Sanitario experto en epidemiologia clinica.
Secretaria: Maria Gonzalez Hinjos; Farmacéutica.

Pilar Comet Cortés; Enfermera. Unidad Mixta de Investigacién. Hospital Clinico Universitario Lozano
Blesa.

Marina Heredia Rios; Representante de las Organizaciones de Consumidores y Usuarios.

Gabriel Hernandez Delgado; Médico. Servicio de Radiologia. Hospital Universitario Miguel Servet.
Representante de Comisién de Investigacion.

Angela Idoipe Tomas; Farmacéutica. Servicio de Farmacia. Hospital Universitario Miguel Servet.
Farmacéutica de Hospital.

Maria Jesus Lallana Alvarez. Farmacéutica de Atencion Primaria de Zaragoza Sector Il

Jesis Magdalena Belio; Médico. Centro de Salud de Azuara. Médico con labor asistencial y
representante del Comité de Etica Asistencial del Area de Atencion Primaria Il y V.

" Mariano Mateo Arrizabalaga; Médico. Servicio de Farmacologia Clinica. Hospital Clinico

Universitario Lozano Blesa.

Elisa Moreu Carbonell; Jurista. Profesora de la Facultad de Derecho, Universidad de Zaragoza.
Javier Perfecto Ejarque; Médico. Centro de Salud Arrabal. Médico con labor asistencial.

Alexandra Prados Torres; Médico. Instituto Aragonés de Ciencias de la Salud. Representante de
Comision de Investigacion.

José Puzo Foncillas; Médico. Servicio de Bioquimica. Hospital General San Jorge. Representante
de Comision de Investigacion.

Monica Torrijos Tejada; Médico. Instituto Aragonés de Ciencias de la Salud.

ue conste donde proceda, y a peticion del promotor,

PR
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nto de Sanidad, 21 de marzo de 2012
Bienestar Sodlal y Familia

/CEIC Aragén (CEICA)

Diia. Maria Gonzalez Hinjos, Secretaria del CEIC Aragén (CEICA)

CERTIFICA

10, Que el CEIC Arag6on (CEICA) en su reunion del dia 21/03/2012, Acta N° CP06/2012 ha evaluado la propuesta
del investigador referida al estudio:

Titulo: Evaluacién de la funcién visual y de la capa de fibras nerviosas de la retina en los pacientes con
Enfermedad de Parkinson. ‘

Versién Protocolo: v 2 de 17/03/2012
Versién hoja de informacién al paciente y v2de17/03/2012
consentimiento informado

19, Considera que

- El proyecto se plantea siguiendo los requisitos de la Ley 14/2007, de 3 de julio, de Investigacién Biomédica y su
realizacién es pertinente.

- Se cumplen los requisitos necesarios de idoneidad del protocolo en relacién con los objetivos del estudio y estan
justificados los riesgos y molestias previsibles para el sujeto. )

- Son adecuados tanto el procedimiento para obtener el consentimiento informado como la compensacion prevista
para los sujetos por dafios que pudieran derivarse de su participacion en el estudio.

- El alcance de las compensaciones econdmicas previstas no interfiere con el respeto a los postulados éticos.

- La capacidad de los Investigadores y los medios disponibles son apropiados para llevar a cabo el estudio.

29, Por lo que este CEIC emite un DICTAMEN FAVORABLE.

30, Este CEIC acepta que dicho estudio sea realizado en los siguientes Centros por los Investigadores:

Elena Garcia Martin , Hospital Universitario Miguel Servet

CONTE (ing tig
BVESTI020:54 Cinigy

e
)

Diia. Maria Gonzalez Hinjos
Secretaria del CEIC Aragdn (CEICA)

Departamento de Salud y Consumo del Gobierno de Aragdn Pagina 1 de 1
Avda Gémez Laguna 25 Zaragoza 50009 Zaragoza Espaiia

Tel. 976 71 48 57 Fax. 976 71 55 54 Correo electrénico mgonzalezh.ceic@aragob.es
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w—GOBIERNO COMITE ETICO DE INVESTIGACION
==DE ARAGON CLINICA DE ARAGON (CEICA)

Departamento de Sakud y Consumo
Avda. Gémez Laguna, 25 planta 11

50009 Zaragoza

COMPOSICION DEL COMITE ETICO DE INVESTIGACION CLINICA DE ARAGON

Dra. Maria Gonzélez Hinjos, Secretaria del Comité Etico de Investigacion Clinica de Aragén,

CERTIFICA

1° En la reunién celebrada el dia 21 de marzo de 2012, correspondiente al Acta n° CP06/2012, se
cumplieron los requisitos establecidos en la legislacién vigente -Real Decreto 223/2004 y Decreto 26/2003
del Gobierno de Aragén, modificado por el Decreto 292/2005— para que la decision del citado CEIC sea

valida.

3° EI CEIC de Aragén, tanto en su composicién, como en sus PNT, cumple con las normas de BPC.

4° La composicién del CEIC de Aragén en la citada fecha, era la siguiente:

Presidente: Cesar Loris Pablo; Médico. Servicio de Pediatria. Hospital Universitario Miguel Servet.
Representante de Comision de Investigacion.

Vicepresidente: Carlos Aibar Remén; Médico. Servicio de Medicina Preventiva y Salud Publica.
Hospital Clinico Universitario Lozano Blesa. Profesional Sanitario experto en epidemiologia clinica.
Secretaria: Marfa Gonzalez Hinjos; Farmacéutica.

Pilar Comet Cortés; Enfermera. Unidad Mixta de Investigacion. Hospital Clinico Universitario Lozano
Blesa.

Marina Heredia Rlos; Representante de las Organizaciones de Consumidores y Usuarios.

Gabriel Hernandez Delgado; Médico. Servicio de Radiologfa. Hospital Universitario Miguel Servet.
Representante de Comisién de Investigacion.

Angela Idoipe Tomas; Farmacéutica. Servicio de Farmacia. Hospital Universitario Migue!l Servet.
Farmacéutica de Hospital.

Marfa Jesus Lallana Alvarez. Farmacéutica de Atencién Primaria de Zaragoza Sector lll.

Jeslis Magdalena Belio; Médico. Centro de Salud de Azuara. Médico con labor amstencnal y
representante del Comité de Etica Asistencial del Area de Atencién Primaria il y V.

Mariano Mateo Arrizabalaga; Médico. Servncto de Farmacologfa Cilnica. Hospital Clinico
Universitario Lozano Blesa.

Elisa Moreu Carbonel!; Jurista. Profesora de la Facuitad de Derecho, Universidad de Zaragoza.
Javier Perfecto Ejarque; Médico. Centro de Salud Arrabal. Médico con labor asistencial.

Alexandra Prados Torres; Médico. Instituto Aragonés de Ciencias de la Salud. Representante de
Comision de Investigacion.

José Puzo Foncillas; Médico. Servicio de Bioquimica. Hospital General San Jorge. Representante
de Comision de Investigacion.

Mbnica Torrijos Tejada; Médico. Instituto Aragonés de Ciencias de la Salud.

Para que conste donde proceda, y a peticién del promotor,

Zaragoza, a 21 de marz ]

“Firmado: Maria Gonzalez Hinjos

e 7 cemme |
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Informe Dictamen Favorable

E GOBIERNO Proyecto Investigacién Biomédica
——y DE ARAGON R C.P. - CL PI12/0015

Departamento de Sanidad, 15 de febrero de 2012
Blenestar Sodial y Famifia Z

/CEIC Aragén (CEICA)

Dita. Marfa Gonzalez Hinjos, Secretaria del CEIC Aragon (CEICA)

CERTIFICA

19, Que el CEIC Aragén (CEICA) en su reunion del dia 15/02/2012, Acta N° 03/2012 ha evaluado la propuesta del
investigador referida al estudio:

Titulo: Evaluacién de los tratamientos para la Esclerosis Miltiple y de su impacto sobre la calidad de
vida del paciente mediante el anélisis periédico de la capa de fibras nerviosas de la retina.

Versién Protocolo: 2011
Versién hoja de informacién al paciente y V2, de 12/02/2012
consentimiento informado

10, Considera que

- El proyecto se plantea siguiendo los requisitos de la Ley 14/2007, de 3 de julio, de Investigacion Biomédica y su
realizacion es pertinente.,

- Se cumplen los requisitos necesarios de idoneidad del protocolo en relacién con los objetivos del estudio y estan
justificados los riesgos y molestias previsibles para el sujeto.

- Son adecuados tanto el procedimiento para obtener el consentimiento informado como la compensacion prevista
para los sujetos por dafios que pudieran derivarse de su participacién en el estudio.

- Elalcance de las compensaciones econémicas previstas no interfiere con el respeto a los postulados éticos.

- La capacidad de los Investigadores y los medios disponibles son apropiados para llevar a cabo el estudio.

29, Por lo que este CEIC emite un DICTAMEN FAVORABLE.

30, Este CEIC acepta que dicho estudio sea realizado en los siguientes Centros por los Investigadores:

Luis Emilio Pablo Jalvez

Lo que firmo en Zaragoza, a 15 de febrero de 2012

Fdo:
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Departamento de Salud y Consumo del Gobierno de Aragon P 1
Avda Gémez Laguna 25 Zaragoza S0009 Zaragoza Espaiia

Tel. 976 71 48 57 Fax. 976 71 55 54 Correo electrénico mgonzalezh.ceic@aragob.es
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:: GOBIERNO COMITE ETICO DE INVESTIGACION
»—<DE ARAGON . CLINICA DE ARAGON (CEICA)

Departamento de Sakud y Consumo

Avda. Gémez Laguna, 25 planta 11
50009 Zaragoza

COMPOSICION DEL COMITE ETICO DE INVESTIGACION CLINICA DE ARAGON

Dra. Marla Gonzalez Hinjos, Secretaria del Comité Etico de Investigacion Clinica de Aragén,

CERTIFICA

1° En la reunién celebrada el dla 15 de febrero de 2012, correspondiente al Acta n® CP03/2012, se
cumplieron los requisitos establecidos en la legislacion vigente -Real Decreto 223/2004 y Decreto 26/2003
del Gobierno de Aragén, modificado por el Decreto 292/2005—- para que la decisién del citado CEIC sea

valida.

3° EI CEIC de Aragén, tanto en su composicioén, como en sus PNT, cumple con las normas de BPC.

4° La composicion del CEIC de Aragdn en la citada fecha, era la siguiente:

Presidente: Cesar Loris Pablo; Médico. Servicio de Pediatrfa. Hospital Universitario Miguel Servet.
Representante de Comision de Investigacion.

Vicepresidente: Carlos Aibar Remon; Médico. Servicio de Medicina Preventiva y Salud Publica.
Hospital Clinico Universitario Lozano Blesa. Profesional Sanitario experto en epidemiologia clinica.
Secretaria: Marla Gonzalez Hinjos; Farmacéutica.

Pilar Comet Cortés; Enfermera. Unidad Mixta de Investigacion. Hospital CIln|co Universitario Lozano
Blesa.

Marina Heredia Rlos; Representante de !as Organizaciones de Consumidores y Usuarios.

Gabriel Hernandez Delgado; Médico. Servicio de Radiologla. Hospital Universitario Miguel Servet.
Representante de Comisién de Investigacion.

Angela Idoipe Tomas; Farmacéutica. Servicio de Farmacia. Hospital Universitario Miguel Servet.
Farmacéutica de Hospital.

Maria JesUs Lallana Alvarez. Farmacéutica de Atencién Primaria de Zaragoza Sector Il

Jestis Magdalena Bello; Médico. Centro de Salud de Azuara. Médico con labor asistencial y
representante del Comité de Etica Asistencial del Area de Atencion Primaria Il y V.

Mariano Mateo Arrizabalaga; Médico. Servicio de Farmacologla Ciinica. Hospital Clinico
Universitario Lozano Blesa.

Elisa Moreu Carboneli; Jurista. Profesora de la Facultad de Derecho, Universidad de Zaragoza.
Javier Perfecto Ejarque; Médico. Centro de Salud Arrabal. Médico con labor asistencial.

Alexandra Prados Torres; Médico. Instituto Aragonés de Ciencias de la Salud. Representante de
Comision de Investigacion.

José Puzo Foncillas; Médico. Servicio de Bioguimica. Hospital General San Jorge. Representante
de Comisién de Investigacion.

Ménica Torrijos Tejada; Médico. Instituto Aragonés de Ciencias de la Salud.

Para que conste donde proceda, y a peticién del promotor,

Zaragoza, a 15 de febrero de 2012*“w
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