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1)PRESERTATIOR OF THE THESIS

This doctoral thesis was developed as a compendium thesis. It is composed of
four published articles in scientific journals with impact factor according to the
Journal Citation Reports. These articles belong to the same line of investigation and

the thesis adhered to the rules of the University of Zaragoza.
This doctoral thesis comprises the following articles:

1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Sunén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-79%e.

2. Abadia B, Sunén |, Calvo P, Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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3) &BBREVIATIORNS

2D = Two-dimension

3D = Three-dimension

AL = Axial length

BCVA = Best corrected visual acuity

COV = Coefficient of variation

CT = Choroidal thickness

DM = Diabetes mellitus

DME = Diabetic macular oedema

DR = Diabetic retinopathy

DRI = Deep Range Imaging

EDI = Enhanced Depth-Imaging

ETDRS = Early Treatment Diabetic Retinopathy Study
HbA1c = Glycosylated haemoglobin

ICC = Intraclass correlation coefficient

IOP = Intraocular pressure

IRMA = Intraretinal microvascular abnormality
JCR = Journal Citation Reports

NPDR = Non-proliferative diabetic retinopathy
OCT = Optical coherence tomography

PDR = Proliferative diabetic retinopathy

RT = Retinal thickness

SD = Standard deviation

SD-OCT = Spectral-domain optical coherence tomography
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SS-OCT = Swept-source optical coherence tomography
T2D = Type 2 diabetes

TABS = Topcon Advanced Boundary Segmentation
TD-OCT = Time-domain optical coherence tomography
VA = Visual acuity

VEGF = Vascular endothelial growth factor
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4) SUWTIARY OF THE THESIS

a) Summary of the thesis (ER)

Type 2 diabetes (T2D) is a disease with a multisystemic affection, which can be
classified into macro and microangiopathy. The former include ischemic cardiopathy,
cerebrovascular accident and peripheral artery disease. The latter comprise
nephropathy, peripheral polyneuropathy and diabetic retinopathy (DR). Based on the
international classification,® DR is divided into five steps:> no DR, mild, moderate,
severe and proliferative diabetic retinopathy (PDR). Mild, moderate and severe are
classified as non-proliferative DR (NPDR). Another additional retinal manifestation is
diabetic macular oedema (DME), which usually implies a poorer visual acuity (VA).

DME is reversible if correctly treated in time.

Optical coherence tomography (OCT) has been found very useful for detecting
DME, as well as for measuring retinal thickness (RT). The development of swept-
source optical coherence tomography (SS-OCT) and the enhanced depth-imaging
(EDI) technology have enabled deep and accurate analyses of the choroid.®> The
previous version of OCT was the spectral-domain OCT (SD-OCT) and it had lower
axial resolution compared to SS-OCT, showing inaccurate segmentation of the
choroid, unless the EDI mode was enabled. The choroid is mainly made up of blood
vessels and it carries blood supply to the external retinal layers. For the last years, the
choroid has been thoroughly evaluated and its thickness has been related to multiple
physiological conditions, and ocular and systemic diseases. Most studies agree that
CT is reduced in T2D eyes.* ® Nevertheless, it still remains unclear how DME affects
CT. Moreover, it has been suggested that the choroid may follow an irregular
pattern,””? but no further research has been conducted so far assessing its precise

topography and how it varies with different conditions and diseases.

The main subject of the four articles making up this doctoral thesis was the
study of the choroid and its topography with SS-OCT in healthy and T2D patients.
The purposes were the following: to assess the intrasession repeatability of choroidal

thickness (CT) measurements with SS-OCT in healthy individuals and in T2D patients
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with DR, to compare CT between healthy subjects and T2D patients with different
stages of DR, with and without DME, to determine and compare the topographic
features of CT between T2D patients and age-matched healthy controls, to evaluate
the relationship between macular CT and HbA1c levels and duration of diabetes, and
to compare CT in the macular region between young healthy, aged healthy and T2D

individuals.

A cross-sectional study was performed at the Miguel Servet University
Hospital in Zaragoza (Spain) between November 2015 and November 2017, with
different study groups enrolled. Inclusion criteria for the first group were T2D
patients between 55 and 75 years old, with an AL < 26mm, < 6 D of myopia and < 2
D of cylinder. In case of DME, a minimum central RT of 300 um was required.
Inclusion criteria for the second group were the same but without the presence of
T2D. Inclusion criteria for the third study group included young healthy volunteers
between 18 and 35 years old with an AL < 26 mm, < 6 D of myopia and < 2 D of
cylinder. For all of them, exclusion criteria were: any ocular pathology, previous
ophthalmological treatment or surgery, amblyopia, a race different from Caucasian,
pregnancy or puerperium, endocrine or neurological disease, cancer history, systemic
treatment with corticosteroids, immunosuppressive drugs, biologic therapies and

previous treatment with potentially toxic drugs to the retina and/or optic nerve.

All OCT scans were acquired through dilated pupils at the same day time and
by the same experienced technician. Two types of captures were performed: a
horizontal 12-mm line and a macular 6x6 mm cube. In the horizontal line scan, 11
manual measurements of CT were obtained. In the macular cube, CT were obtained
both in the Early Treatment Diabetic Retinopathy Study (ETDRS) grid and in a grid of
30x30 little cubes, from which two-dimension (2D) and three-dimension (3D)
representations were generated and a new choroidal division was established for CT

comparisons.

Below is a summary of the four articles:
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1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Sunén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-793.

This was a cross-sectional study including 50 eyes of 33 healthy subjects and
60 eyes of 43 T2D patients, and whose purpose was to assess the intrasession
repeatability of CT measurements obtained using SS-OCT in T2D patients and in
healthy controls. Among the diabetic group, 7 patients had no DR, 13 had mild, 32
had moderate, 5 had severe, and 3 proliferative DR. Half of the T2D patients had
DME. Repeatability was analysed after measuring CT in three different scans which
had been consecutively obtained in a single session and automatically delineated by
the internal software. Over a horizontal 12-mm line, 11 locations with 500-ym

intervals were measured with the caliper by the same operator.

Mean age was 68.02+8.80 years old in the healthy group, and 66.28+7.80
years old in the T2D group (p=0.28). Mean subfoveal CT in healthy subjects and in
T2D patients was 222.97+79.90 ym and 192.67+74.30 um, respectively (p=0.013).
The intraclass correlation coefficient (ICC), the coefficient of variation (COV) and the
test-retest variability were calculated. All ICC were higher than 0.95 and 0.99,
respectively. COV were less than 4.4% and 1.8%, respectively. The test-retest
variability ranged from 0.76 um to 11.12 pm, and from 0.64 pm to 6.29 um,
respectively. No significant differences were found in the intrasession repeatability of

any choroidal measurement between healthy subjects and T2D patients.

In conclusion, SS-OCT provided excellent intrasession repeatability of CT

measurements in healthy and T2D patients.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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2. Abadia B, Suiien I, Calvo P,Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

This was a cross-sectional study comprising 157 eyes of 94 T2D patients and
71 eyes of 38 healthy subjects. Its objective was to compare CT between T2D

patients and age-matched healthy controls.

Among the 157 T2D eyes, 48 had DME. 49 eyes had no DR, 27 had mild
NPDR, 60 had moderate NPDR, 14 had severe NPDR and 7 PDR. On every SS-OCT
image, 11 CT measurements were manually performed. One was subfoveal, five nasal
and five temporal, with 500-um intervals between them. Besides comparing CT
between the three study groups, a correlation analysis was performed between
diabetes duration, glycosylated haemoglobin (HbA1c) levels and CT. A masking was

performed so that the operator could not identify whose patient was that slab.

Mean age was 67.60+8.10 years and there were no differences in age, AL or
blood pressure between groups (p>0.05). Mean diabetes duration was 16.6+9.5
years, while mean HbA1c was 7.7+1.3%. Overall, the choroid was significantly thinner
in T2D patients. Individuals with DME had reduced choroidal thickness in all
measurements, except at 2000 and 2500-um nasal positions, compared to healthy
controls. There was a moderate correlation between CT and HbA1c levels in DME
patients (r=0.342, p=0.017 in subfoveal position). Diabetes duration did not correlate
significantly with CT. In both groups, the choroid revealed a similar pattern: it was the
thickest at the subfoveal position, followed by temporal and nasal. These results were

similar to other studies. 2

In conclusion, SS-OCT measurements revealed that the choroid was
significantly thinner in T2D patients, moderate NPDR patients, and DME patients
than in healthy individuals.
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3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

This was a cross-sectional study whose objective was to determine and
compare topographic features of CT between T2D patients and aged-matched
healthy controls based on SS-OCT. 66 eyes of 33 healthy individuals and 192 eyes of
96 T2D patients were enrolled. 36 eyes had no DR, 26 had mild NPDR, 25 had
moderate NPDR, 5 had severe NPDR and 4 had PDR. None of them had DME.

A macular 6x6 mm cube was scanned with SS-OCT and choroid was
automatically segmented and its thickness automatically measured. The scanned area
was divided into different zones based on CT, and equivalent zones were compared

between groups. In addition, 3D maps were created to represent the choroid.

There were no differences in age or AL (p>0.05). Mean age was 66.83+7.31
years old in the healthy group, and 67.94+7.93 years old in the T2D group. Overall,
CT was significantly thinner in T2D patients (p<0.05). Outside the fovea, the mean CT
was thicker in the superior hemiretina and decreased inferiorly, temporally and

nasally, with minimum thickness in the most distant points.

These results were similar to those stating that CT is thinner in diabetes
mellitus (DM) patients, but it was the first time that it was displayed in exhaustive 3D
maps originated from data obtained from SS-OCT with automatic segmentation and

measurements.

In conclusion, CT follows an ellipsoid pattern in both nondiabetic and diabetic
eyes, with diffuse thinning in the latter. Understanding these differences is important
for future studies aimed at explaining the pathophysiology and relationship between

choroid and DR.
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4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.

This was a cross-sectional study comparing the macular choroidal thinning
between young healthy, aged healthy, young high myopic, and aged T2D patients
using the ETDRS grid and 3D maps. The first study group comprised 102 eyes of 51
young healthy subjects, the second included 60 eyes of 30 aged healthy subjects, the
third was composed of 110 eyes of 55 T2D patients, and the fourth consisted of 24
eyes of 12 young high myopic patients.

CT values were obtained in grids of 30x30 cubes of 200x200 ym every cube,
which were automatically provided by the OCT, and 3D maps were created to
represent CT. This was also obtained in every ETDRS grid sector. Mean age was
27.31+3.95, 66.41+7.54, 27.69+3.89, and 66.48+7.59 years in the four groups,
respectively. CT was not shown to be uniform, as superior and central zones were
thicker in all groups. All ETDRS sectors were always thicker (p<0.05) in young healthy
individuals than in the others. It was found that the choroidal sector which got
thinner was the inferior in case of age (103.28 ym decrease), the inferior-nasal in high

myopia (86.19 um decrease), and the temporal in T2D (55.57 ym decrease).

Young healthy subjects’ choroid was used as a reference and divided into
different zones according to the mean CT in every macular cube. Five nasal and five
temporal zones were delimited. Comparisons of CT between equivalent zones
revealed that choroid got thinner in those regions where it was thicker in healthy

subjects.

Choroidal 3D representations showed different patterns: a ‘mountain range’
pattern in young healthy individuals, a ‘mountain peak’ in aged healthy individuals, an
‘inverted gorge’ pattern in young high myopic patients, and a ‘gathered hills’ pattern
in aged T2D patients. Some authors had tried to make topographic descriptions or
choroidal maps but it was the first time that such an in-depth map has been created.
Furthermore, it was the first time that different topographic patterns have been
defined.
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In conclusion, not all choroidal regions are affected in a similar way, as it
depends on the pathology. For a better understanding and a more exhaustive
analysis, 3D maps are a useful tool. Further studies should be performed to explain

the pathophysiology of these different choroidal patterns.
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b) Resumen de la tesis (ES)

La DM 2 es una enfermedad con afectacién multisistémica, que puede
clasificarse en macro y microangiopatia. La primera incluye cardiopatia isquémica,
accidente cerebrovascular y enfermedad arterial periférica. La segunda incluye
nefropatia, polineuropatia periférica y retinopatia diabética. Segun la clasificacién
internacional, la retinopatia diabética se divide en cinco escalones: sin retinopatia,
leve, moderada, grave y proliferativa. La retinopatia diabética leve, moderada y grave
estan incluidas en el grupo de retinopatia diabética no proliferativa. Otra
manifestacion retiniana adicional es el edema macular diabético, que normalmente

supone una peor agudeza visual y es reversible si se trata a tiempo.

La tomografia de coherencia 6ptica (OCT) ha resultado ser muy util para
detectar edema macular diabético, asi como para medir el espesor retiniano. El
desarrollo de la OCT swept-source (SS-OCT) y la tecnologia EDI han permitido
analisis profundos y precisos de la coroides. La versiéon previa de OCT era la OCT de
dominio espectral (SD-OCT) y tenia menor resolucion axial en comparacion con la SS-
OCT, con segmentacion imprecisa de la coroides, a menos que se habilitara el modo
EDI. La coroides estda compuesta principalmente por vasos sanguineos y lleva aporte
sanguineo a las capas externas retinianas. Durante los ultimos anos, se ha examinado
la coroides de forma exhaustiva y se ha relacionado su grosor con multiples
condiciones fisiolégicas, y enfermedades oculares y sistémicas. La mayoria de los
estudios han encontrado que estd adelgazada en el caso de la DM 2. Sin embargo,
todavia no esta claro como afecta el edema macular diabético al grosor coroideo.
Asimismo, se ha sugerido que la coroides sigue un patron irregular pero hasta ahora
no se han llevado a cabo mas investigaciones que definan su topografia de forma

precisa y como varia con las diferentes condiciones y enfermedades.

El tema principal de los cuatro articulos que comprende esta tesis doctoral fue
el estudio de la coroides y sus caracteristicas anatémicas evaluadas con SS-OCT en
individuos sanos y pacientes con DM 2. Los objetivos fueron los siguientes: verificar
la repetitibilidad intratest de las mediciones de grosor coroideo con SS-OCT en

individuos sanos y pacientes con DM 2 con retinopatia diabética, comparar el grosor
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coroideo entre sanos y pacientes con DM 2, y analizar el grosor coroideo por toda la

macula en pacientes con DM 2 y controles sanos ajustados por edad.

Se realizé un estudio transversal en el Hospital Universitario Miguel Servet en
Zaragoza (Espana) entre noviembre de 2015 y noviembre de 2017, en el que se
reclutaron varios grupos de estudio. Los criterios de inclusion para el primer grupo
fueron pacientes con DM 2 entre 55 y 75 afnos, con una longitud axial < 26 mm, < 6 D
de miopia y < 2 D de cilindro. En caso de edema macular diabético, era necesario un
minimo de 300 um centrales de espesor retiniano. Los criterios de inclusién para el
segundo grupo fueron los mismos pero sin la presencia de DM 2. Los criterios de
inclusién para el tercero fueron voluntarios jévenes sanos de entre 18 y 35 afos con
una longitud axial £ 26 mm, < 6 D de miopia y < 2 D de cilindro. Para todos ellos, los
criterios de exclusiéon fueron: cualquier patologia ocular, tratamiento o cirugia ocular
previa, ambliopia, raza diferente de la caucéasica, embarazo o puerperio, enfermedad
endocrinolégica o neuroldgica, historia de cancer, tratamiento sistémico con
corticoides, farmacos inmunosupresores, terapias biologicas y tratamiento previo con

farmacos potencialmente téxicos para la retina y/o el nervio 6ptico.

Todos los exdmenes en OCT se adquirieron a través de pupilas dilatadas a la
misma hora del dia y por el mismo técnico experimentado. Se realizaron dos tipos de
capturas: una linea horizontal de 12 mm y un cubo macular de 6x6 mm. En el primero,
se obtuvieron 11 mediciones manuales de grosor coroideo. En el segundo, se
obtuvieron los grosores tanto en la rejilla ETDRS como en otra de 30x30 cubos
pequenos, a partir de los cuales se crearon representaciones 2D y 3D, y se establecié

una nueva divisiéon coroidea para efectuar comparaciones.

A continuacion esta el resumen de los cuatro articulos:
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1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Sunén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-793.

Este es un estudio transversal que incluye 50 ojos de 33 individuos sanos y 60
ojos de 43 pacientes con DM 2, y cuyo propdsito era evaluar la repetitibilidad
intrasesion de las mediciones de grosor coroideo obtenidas mediante SS-OCT en
pacientes con DM 2 y en controles sanos. Dentro del grupo diabético, 7 pacientes no
tenian retinopatia diabética, 13 tenian leve, 32 tenian moderada, 5 tenian grave y 3
tenian proliferativa. La mitad de los pacientes diabéticos tenia edema macular
diabético. La repetitibilidad se analizé tras medir el grosor coroideo en tres exdmenes
diferentes que se habian realizado consecutivamente en una sola sesion, y ademas
habian sido delineados automaticamente por el software interno. Sobre la linea
horizontal de 12 mm, se midieron 11 posiciones con intervalos de 500 um con el

compas por parte del mismo examinador.

La edad media fue de 68.02+8.80 anos en el grupo de sanos y 66.28+7.80
anos en el de diabéticos (p=0.28). El grosor coroideo subfoveal en los sanos y en los
diabéticos fue de 222.97+79.90 um y 192.67+74.30 um, respectivametne (p=0.013).
Se calcularon el coeficiente de correlacién intraclase, el coeficiente de variacion y la
variabilidad test-retest. Todos los coeficientes de correlacién intraclase fueron
mayores de 0.95 y 0.99, respectivamente. Los coeficientes de variacion fueron
menores de 4.4% y 1.8%, respectivamente. La variabilidad test-retest oscilaba entre
0.76 y 11.12 pym, y entre 0.64 y 6.29 pm, respectivamente. No se encontraron
diferencias significativas en la repetitibilidad intrasesiéon de ninguna medicién

coroidea tanto en sujetos sanos como en diabéticos.

En conclusién, la SS-OCT tenia una excelente repetitibilidad intrasesiéon de las

mediciones de grosor coroideo en individuos sanos y en pacientes con DM 2.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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2. Abadia B, Suiien I, Calvo P,Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

Se trata de un estudio transversal que incluye 157 ojos de 94 pacientes con
DM 2 y 71 ojos de 38 sujetos sanos. Su objetivo era comparar el grosor coroideo

entre los diabéticos y los controles sanos ajustados por edad.

De entre los 157 ojos diabéticos, 48 tenian edema macular diabético. 49 ojos
no tenian retinopatia diabética, 27 leve, 60 moderada, 14 grave y 7 proliferativa. En
cada imagen de SS-OCT se realizaron 11 mediciones manuales de grosor coroideo.
Una era la subfoveal, cinco nasales y cinco temporales, con intervalos de 500 um
entre ellas. Ademas de comparar el grosor coroideo entre los tres grupos de estudio,
se llevod a cabo un andlisis de correlacién entre la duracién de la diabetes, los niveles
de HbAlc y el grosor coroideo. Se enmascararon las imagenes para que el

examinador no pudiera identificar de qué paciente era cada corte.

La edad media fue de 67.60+8.10 anos y no hubo diferencias en cuanto a
edad, longitud axial ni tension arterial entre los grupos (p>0.05). La duraciéon media de
la DM 2 fue de 16.6+£9.5 anos, mientras que la Hb1Ac media fue del 7.7+1.3%. En
general, la coroides era significativamente mas fina en los diabéticos. Los pacientes
con edema macular diabético mostraban grosores coroideos reducidos en todas las
mediciones, excepto en las posiciones a 2000 y 2500 ym nasales, en comparacién con
los sanos. Se hallé una correlacion moderada entre el grosor coroideo y los niveles de
HbAlc en pacientes con edema (r=0.342, p=0.017 en la posicion subfoveal). La
duracion de la diabetes no se correlacioné significativamente con el grosor coroideo.
En ambos grupos, la coroides mostré un patrén similar: era mas gruesa en la posicion
subfoveal, seguida de temporal y nasal. Estos resultados eran similares a otros

estudios.?01?

En conclusion, las mediciones con SS-OCT revelan que la coroides esta
significativamente adelgazada en pacientes con DM 2, pacientes con retinopatia

diabética moderada, y pacientes con edema macular diabético, que en sujetos sanos.
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3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

Se trata de un estudio transversal cuyo objetivo era determinar y comparar los
rasgos topograficos de grosor coroideo con SS-OCT entre pacientes con DM 2 y
controles sanos ajustados por edad. Se analizaron 66 ojos de 33 individuos sanos y
192 ojos de 96 pacientes diabéticos. 36 ojos no tenian retinopatia diabética, 26
tenian leve, 25 moderada, 5 grave y 4 proliferativa. Ninguno de ellos presentaba

edema macular diabético.

Se analizé un cubo macular de 6x6 mm con SS-CT, con segmentacién y
medicion de espesor de coroides automaticos. El drea escaneada se dividid en
diferentes zonas segun el grosor coroideo y se compararon entre los grupos las zonas

equivalentes. Ademas se crearon mapas 3D para representar la coroides.

No se hallaron diferencias en edad ni longitud axial (p>0.05). La edad media fue
de 66.83+3.71 anos en el grupo sano y 67.94+7.93 afnos en el grupo diabético. En
general, el grosor coroideo era significativamente mas fino en los diabéticos (p<0.05).
Fuera de la fovea, el grosor coroideo medio era mayor en la hemirretina superior y

disminuia hacia inferior, temporal y nasal, siendo minimo en los puntos mas distantes.

Estos resultados eran similares a los que afirmaban que el grosor coroideo es
menor en pacientes diabéticos, pero era la primera vez que se mostraban mapas 3D
exhaustivos originados a partir de datos obtenidos de SS-OCT con segmentacién y

mediciones automaticas.

En conclusion, el grosor coroideo sigue un patrén elipsoide tanto en ojos de
diabéticos como no-diabéticos, con adelgazamiento difuso en el primero. Comprender
estas diferencias es importante para futuros estudios que pretendan explicar la

fisiopatologia y la relacion entre coroides y retinopatia diabética.
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4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.

Se trata de un estudio transversal que comparaba el adelgazamiento coroideo
macular entre jévenes sanos, mayores sanos, jévenes miopes magnos y pacientes con
DM 2 usando la rejilla ETDRS y mapas 3D. El primer grupo de estudio incluia 102 ojos
de 51 sujetos jovenes sanos, el segundo incluia 60 ojos de 30 sujetos mayores sanos,
el tercero se componia de 110 ojos de 55 pacientes con DM 2, y el cuarto estaba

formado por 24 ojos de 12 pacientes jévenes miopes magnos.

Los valores de grosor coroideo se obtuvieron en rejillas de 30x30 cubos de
200x200 um cada cubo, que daba de forma automatica la OCT, y se crearon mapas
3D para representar el grosor coroideo. Este también se midié en cada sector de la
rejilla ETDRS. La edad media fue de 27.31+3.95, 66.41+7.54, 27.69+3.89 vy
66.48+7.39 anos en los cuatro grupos, respectivamente. El grosor coroideo no
mostro ser uniforme, ya que las zonas superior y centrales eran mas gruesas en todos
los grupos. Todos los sectores ETDRS eran siempre mas gruesos (p<0.05) en
individuos jovenes sanos que en los otros. Se encontré que el sector coroideo que
mas se adelgazaba era el inferior en el caso de la edad (disminucién de 103.28 um), el
inferior-nasal en miopia magna (disminucién de 86.19 ym) y el temporal en DM 2

(disminucion de 55.57 um).

La coroides de los jévenes sanos se usé como referencia y se dividié en
diferentes zonas segln el grosor coroideo medio en cada cubo macular. Se
delimitaron cinco zonas nasales y cinco temporales. Las comparaciones entre las
zonas equivalentes revelaron que la coroides se adelgazaba mas en aquellas zonas

donde era mas gruesa en los jévenes sanos.

Las representaciones 3D mostraron diferentes patrones: un patréon “en cadena
montanosa” en individuos jovenes sanos, “en pico montanoso” en individuos mayores
sanos, “en garganta invertida” en pacientes jovenes miopes magnos, y “en colinas
agrupadas” en pacientes mayores con DM 2. Algunos autores habian intentado

realizar descripciones topograficas o mapas coroideos, pero fue la primera vez que se
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creaba un mapa tan pormenorizado. Asimismo, era la primera vez que se definian

diferentes patrones topograficos.

En conclusion, no todas las regiones coroideas se afectan de forma similar,
dado que depende de la patologia. Para una mejor comprensiéon y andlisis mas
exhaustivo, los mapas 3D son una herramienta util. Deberian llevarse a cabo mas

estudios que explicaran la fisiopatologia de estos diferentes patrones coroideos.
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c) Résumé de la these (FR)

La DM 2 est une maladie avec de I'affectation multisystémique, qui peut étre
classifiée dans macro et microangiopathie. La premiére inclut la cardiopathie
ischémique, I'accident cérébrovasculaire et I'artériopathie périphérique. La deuxieme
inclut la néphropathie, la polyneuropathie périphérique et la rétinopathie diabétique.
Selon la classification internationale, on classifie la rétinopathie diabétique dans cing
stades : pas de rétinopathie, rétinopathie minime, modérée, sévére et proliférante. La
rétinopathie minime, modérée et sévere sont classifiées comme rétinopathie
diabétique non proliférante. Une autre manifestation additionnelle a la rétine est
I'cedéme maculaire diabétique, qui a normalement comme conséquence une acuité

visuelle plus baise et qui est réversible quand traité en temps.

La tomographie de cohérence optique (OCT) est devenue trés utile pour
détecter 'o,edéme maculaire diabétique, ainsi que pour mesurer |'épaisseur rétinienne.
Le développement de la swept-source OCT (SS-OCT) et la technologie EDI ont
permis des analyses plus profondes et précises sur la choroide. La version antérieure
d’OCT était la OCT de domaine spectral (SD-OCT) et elle avait une résolution axiale
plus petite en comparaison avec la SS-OCT, avec de la segmentation imprécise de la
choroide, a moins que le mode EDI fGt habilité. La choroide est formée
principalement par des vaisseaux sanguins et elle emméne apport sanguin aux
couches externes de la rétine. Pendant les derniéres années, la choroide a été
exhaustivement examinée et on a fait le lien entre son épaisseur et plusieurs
conditions physiologiques et maladies oculaires et systémiques. La plupart des études
ont trouvé gu’elle est plus maigre dans la DM 2. Cependant, c’est pas encore clair
comment I'cedéme maculaire diabétique affecte I'épaisseur choroidienne. De la méme
maniére, on a trouvé qu’elle suive un patron irrégulier mais jusqu’a présent on n'a pas
réalisé plus de recherche qui établit sa topographie avec précision et comment elle

change avec les différentes conditions et maladies.

Le theme principal des quatre articles qui donnent forme a cette thése doctoral
était I'étude de la choroide et sa topographie avec SS-OCT chez des sujets et des
patients diabétiques. Les objectifs étaient les suivants : vérifier la répétabilité intratest

des mesures de I'épaisseur choroidienne avec SS-OCT chez des sujets sains et des
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patients avec DM 2 avec de la rétinopathie diabétique, comparer [|'épaisseur
choroidienne entre des sujets sains et des patients avec DM 2, et analyser I'épaisseur
choroidienne dans toute la zone maculaire chez des patients diabétiques et chez des

controles ajustés par I'age.

Une étude transversale a été réalisée a I'Hopital Universitaire Miguel Servet a
Saragosse (Espagne) entre novembre 2015 et novembre 2017, avec un recrutement
de plusieurs groupes d’étude. Les critéres d’inclusion dans le premier groupe ont
étés : des patients avec DM 2 entre 55 et 75 ans, avec une longitude axiale < 26 mm,
< 6 D de myopie et < 2 D de cylindre. En cas d’cedéme maculaire diabétique, une
épaisseur rétinienne minimum de 300 um ont été requise. Les critéres d'inclusion
dans le deuxiéme groupe ont été les mémes mais sans la présence de DM 2. Les
critéres d'inclusion pour le troisi€me groupe incluyaient des volontaires jeunes sains
entre 18 et 35 ans avec une longitude axiale < 26 mm, < 6 D de myopie et < 2 D de
cylindre. Dans tous eux, les critéres d’exclusion ont été : quelque pathologie oculaire,
du traitement ou de la chirurgie ophtalmologique précédente, amblyopie, une autre
race différente de la caucasique, de la grossesse ou post-partum, des maladies
endocrines ou neurologiques, de I'histoire de cancer, du traitement systémique avec
des corticoides, des médicaments immunosuppressives, des thérapies biologiques et
du traitement précédent avec des médicaments potentiellement toxiques pour la

rétine et/ou le nerve optique.

Tous les examens sur OCT ont été acquis a travers des pupilles dilatées a la
méme heure du jour et par le méme examinateur expérimenté. Deux types d’analyses
ont été réalisés : une ligne horizontale de 12 mm et un cube maculaire de 6x6 mm. Du
premier type, 11 mesures manuelles de I'épaisseur choroidienne ont été obtenues. Du
deuxiéme type, les épaisseurs sur la grille ETDRS et sur un autre de 30x30 petits
cubes ont été obtenues, a partir desquels des représentations en 2D et 3D ont été
créés, et une nouvelle division choroidienne ont été établie pour effectuer des

comparaisons.

Ci-dessous est le résumé des quatre articles :
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1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Sunén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-793.

Il s'agit d'une étude transversal qui inclut 50 yeux des 33 sujets sains et 60
yeux des 43 patients avec DM 2, et dont l'objectif était évaluer la répétabilité
intrasession des mesures de I'épaisseur choroidienne obtenues avec SS-OCT chez des
patients avec DM 2 et chez des témoins sains. Au sein du groupe diabétique, 7
patients ne présentaient pas de la rétinopathie diabétique, 13 avaient une
rétinopathie minime, 32 modérée, 5 sévére et 3 proliférante. La moitié des
diabétiques avaient de I'cedéme maculaire diabétique. La répétabilité a été analysée
aprés avoir mesuré I'épaisseur choroidienne sur trois examens différents qui s'avaient
réalisés consécutivement dans une seule session, et en plus avaient été délinéés
automatiquement par le software interne. Sur la ligne horizontale de 12 mm, 11
localisations avec des intervalles de 500 ym ont été mesurées avec le compas par le

méme examinateur.

L'age moyen était de 68.02+8.80 ans chez le groupe des témoins, et de
66.28+7.80 ans chez les diabétiques (p=0.28). L'épaisseur choroidienne subfovéale
chez les sains et les diabétiques a été de 222.97+79.90 ym et 192.67+74.30 ym,
respectivement (p=0.013). Le coefficient de corrélation intra-classe, le coefficient de
variation et la variabilité test-retest ont été calculés. Tous les coefficients de
corrélation intra-classe ont été plus de 0.95 et 0.99, respectivement. Les coefficients
de variation one été moins de 4.4% et 1.8%, respectivement. La variabilité test-retest
oscillait entre 0.76 et 11.12 um, et entre 0.64 et 6.29 um, respectivement. Aucune
différence significative n'a pas été trouvée sur la répétabilité intrasession des mesures

choroidiennes chez des sujets sains comme chez des diabétiques.

En conclusions, la SS-OCT avait une excellente répétabilité intrasession des

mesures de I'épaisseur choroidienne chez des sujets sains et avec DM 2.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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2. Abadia B, Suiien I, Calvo P,Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

Il s'agit d'une étude transversale qui inclut 157 yeux des 94 patients avec DM
2 et 71 yeux des 38 sujets sains. Son objectif était comparer I'épaisseur choroidienne

entre les diabétiques et les témoins sains ajustés de I'age.

Parmi les 157 yeux diabétiques, 48 présentaient de I'cedéme maculaire
diabétique. 49 yeux n’avaient pas de la rétinopathie diabétique, 27 avaient une
rétinopathie minime, 60 modérée, 14 sévere et 7 proliférante. Sur chaque image de
SS-OCT, 11 mesures manuelles de I'épaisseur choroidienne ont été réalisées. Une
était subfovéale, cing nasales et cinqg temporales, avec des intervalles de 500 pym
entre elles. En plus de comparer I'épaisseur choroidienne entre les trois groupes
d’étude, un analyse de corrélation entre la duration du diabéte, les niveaux de HbA1c
et I'épaisseur choroidienne ont été exécutés. On a masqué les images afin que

I'examinateur ne pQt pas identifier a quel patient appartenait chaque coupe.

L'age moyen était de 67.60+8.10 ans et il n'avait pas des différences quant a
I'age, la longitude axiale et la tension artérielle entre les groupes (p>0.05). La duration
moyenne de la DM 2 était de 16.6+£9.5 ans, tandis que la Hb1Ac moyenne était de
7.7+1.3%. En général, la choroide était significativement plus maigre chez les
diabétiques. Les patients avec de I'cedéme maculaire diabétique montraient des
épaisseurs choroidiennes réduits dans toutes les mesures, sauf sur les positions a
2000 et 2500 um nasales, en comparaison avec les sains. On a trouvé une corrélation
modérée entre |'épaisseur choroidienne et les niveaux de HbAl1c chez les patients
avec de l',edéme (r=0.342, p=0.017 sur la position subfovéale). La duration du
diabéte ne se corrélait pas significativement avec I'épaisseur choroidienne. Dans les
deux groupes, la choroide montrait un patron similaire : elle était plus épaisse sur la
localisation subfovéale, suivie par la temporale et la nasale. Ces résultats se

ressemblaient a ces des autres études précédents.1012

En conclusion, les mesures sur SS-OCT révelent que la choroide est

significativement maigre chez les patients avec DM 2, des patients avec rétinopathie
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diabétiques modérée et des patients avec de I'cedéme maculaire diabétique, que chez

des sujets sains.

3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

Il s’agit d’'une étude transversal dont I'objectif était déterminer et comparer les
caractéristiques topographiques de I'épaisseur choroidienne sur SS-OCT entres des
patients avec DM 2 et des témoins sains ajustés par I'age. On a analysé 66 yeux de 33
sujets sains et 192 yeux de 96 patients diabétiques. 36 yeux ne présentaient pas de la
rétinopathie diabétique, 26 présentaient une rétinopathie minime, 25 modérée, 5

sévere et 4 proliférante. Aucun d’eux n'avait pas de I',edéme maculaire diabétique.

Un cube maculaire de 6x6 mm sur SS-OCT a été analysé, avec de la
segmentation et de la méditions de I'épaisseur choroidienne automatiques. Ensuite, la
zone analysée a été divisée en zones différentes selon I'épaisseur choroidienne et on
a comparé les zones équivalentes entre les groupes. En plus on a créé des cartes 3D

pour représenter la choroide.

On n'a pas trouvé des différences quant a I'dge ni la longitude axiale (p>0.05).
L'age moyen était de 66.83+3.71 ans chez les sains et 67.94+7.93 ans chez les
diabétiques. En général, I'épaisseur choroidienne était significativement plus maigre
chez les diabétiques (p<0.05). Hors de la fovea, I'épaisseur choroidienne moyenne
était plus grosse dans la demi-rétine supérieure et diminuait vers inférieur, temporal

et nasal, avec le minimum dans les points les plus éloignés.

Ces résultats étaient similaires a ces qui déclaraient que [I'épaisseur
choroidienne est plus petit chez des patients diabétiques, mais c'était la premiére fois
gu’on montrait des cartes 3D exhaustives provenant des données obtenues a partir

de la SS-OCT avec de la segmentation et mesures automatiques.

En conclusion, I'épaisseur choroidienne suit un patron ellipsoidal chez des yeux
des diabétiqgues comme non-diabétiques, avec un amaigrissement diffus chez les

premiers. Comprendre ces différences est important pour des études futures qui
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auront l'intention d’expliquer la physiopathologie et la relation entre la choroide et la

rétinopathie diabétique.

4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.

Il s’agit d’'une étude transversal qui comparait I'amaigrissement choroidien
maculaire entres des jeunes sains, des sujets agés sains, des jeunes myopes fortes et
des patients avec DM 2 utilisant la grille ETDRS et des cartes 3D. Le premier groupe
d’étude incluait 102 yeux de 51 sujets sains, le deuxiéme incluait 60 yeux de 30 sujets
agés sains, le troisiéme se était composé de 110 yeux de 55 patients avec DM 2, et le

guatriéme était composait de 24 yeux de 12 patients avec de la myopie forte.

Les valeurs de I'épaisseur choroidienne ont été obtenues sur des grilles de
30x30 cubes de 200x200 ym chacun, donnés de forme automatique par I'OCT, et
aprés des cartes 3D ont été créées pour représenter I'épaisseur choroidienne. Ces-ci
ont été mesurées aussi dans tous les secteurs de la grille ETDRS. L'age moyen était de
27.31+3.95, 66.41+7.54, 27.69+3.89 et 66.48+7.39 ans dans les quatre groupes,
respectivement. L'épaisseur choroidienne ne s’est pas montrée uniforme, puisque les
zones supérieures et centrales étaient plus épaisses dans tous les groupes. Tous les
secteurs ETDRS étaient toujours plus épaisses (p<0.05) chez des sujets jeunes sains
que chez les autres. On a trouvé que le secteur choroidien qui se maigrit le plus était
I'inférieur en cas de I'age (réduction de 103.28 um), I'inférieur-nasal dans la myopie
forte (réduction de 86.19 um) et le temporal chez les diabétiques (réduction de 55.57

pm).

La choroide des jeunes sains a été utilisée comme référence et s’est divisée en
zones différentes selon I'épaisseur moyenne dans chaque cube maculaire. Cinq zones
nasales et cing temporales ont été définies. Les comparaisons entres les zones
équivalentes ont révélé que la choroide se maigrit plus dans ces zones ou c’était plus

épaisse chez les sujets sains.
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Les représentations 3D montraient patrons différents : un patron « en chaine
de montagnes » chez des jeunes sains, « en sommet » chez des sujets sains agés, « en
gorge inversée » chez des jeunes avec de la myopie forte, et «en collines
regroupées » chez des patients avec DM 2. Quelques auteurs avaient essayé de
réaliser des descriptions topographiques ou cartes choroidiennes, mais ca a été la
premiére fois qu'on a créé une carte si détaillée. De la méme maniere, ca a été la

premiére fois qu'on a défini des différents patrons topographiques.

Pour conclure, pas toutes les régions choroidiennes ne se modifient de forme
similaire, puisque ca dépend de la pathologie. Afin d’'une meilleur compréhension et
un analyse plus exhaustive, les cartes 3D sont un outil utile. Il faudrait faire plus

d’études qui expliquent la physiopathologie de ces différents patrons choroidiens.
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d) Zusammenfassung der Doktorarbeit (DE)

Der DM 2 ist eine Krankheit mit multisystemischen Stérungen, die in Makro
und Mikorangiopathie eingeteilt werden kénnen. Die erste umfasst die ischamische
Herzkrankheit, den Schlaganfall und die periphere arterielle Verschlusskrankheit. Die
zweite umfasst die Nephropathie, periphere Polyneuropathie und diabetische
Retinopathie. Nach der internationalen Einteilung, die diabetische Retinopathie teilt
sich in finf Stadion: keine Retinopathie, milde, maRige, schwere und proliferative
Retinopathie. Die milde, maRige und schwere Retinopathie gehoérten zu der nicht
proliferativen diabetischen Retinopathie. Eine andere zusitzliche Manifestation in der

Netzhaut ist das diabetische Makuladdem, das normalerweise schlechtere Sehscharfe

Die optische Kohirenztomografie (OCT) ist sich sehr nitzlich erwiesen, um
diabetisches Makulaédem aufzufinden, als auch zum die Netzhautdicke zu
vermessen. Die Entwicklung der swept-source OCT (SS-OCT) und die Technologie
EDI haben tiefe und prazise Analysen der Aderhaut erméglicht. Die vorhergehende
Version der OCT war die Spektral Domain OCT (SD-OCT) und die hatte eine kleinere
axiale Auflosung im Vergleich zu der SS-OCT, mit ungenauer Segmentierung der
Aderhaut, auller wenn der EDI Modus aktiviert wurde. Die Aderhaut besteht
hauptsachlich aus BlutgefaBen und bringt sie Blutzufuhr in die &duleren
Netzhautschichten. Die letzte Jahre lang wurde die Aderhaut griindlich untersucht
und man hat ihre Dicke mit vielfaltigen physiologischen Zustinden und Augen- und
Systemischekrankheiten verbindet. Die Mehrzahl der Studien haben gefunden, dass
die beim DM 2 verdilinnt ist. Trotzdem, ist es noch nicht klar, wie das diabetische
Makuladdem die Aderhaut beeinflusst. Ebenfalls hat man angeregt, dass die ein
unregelmaBiges Muster befolgt aber zum Moment werden noch keine weitere
Forschung duchgefiihrt, die ihre genaue Topographie beschreiben und die erklaren,

wie die Aderhautdicke mit den verschiedenen Zustanden und Krankheiten verandert.

Das Hauptthema der vier Artikeln, die diese Doktorarbeit bilden, war das
Studien der Aderhaut und ihre Topografie mit SS-OCT in Gensunden und
diabetischen Patienten. Das Ziel waren die folgenden: die intrasitzunge
Wiederholbarkeit der Vermessungen der Aderhautdicke mit SS-OCT in Gensunden

und Patienten mit DM 2 mit diabetischer Retinopathie festzustellen, die
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Aderhautdicke zwischen Gesunden und Patienten mit DM 2 zu vergleichen, und die
Aderhautdicke um die Makula zwischen Patienten mit DM 2 und gleichaltrigen

Gesudnen zu analysieren.

Eine Querschnittstudie wurde zwischen November 2015 und November 2017
beim Universitatsklinikum Miguel Servet in Zaragoza (Spanien) durchgefiihrt, mit
Rekrutierung von verschiedenen Studiengruppen. Die Einschlusskriterien fiir die erste
Gruppe waren Patienten mit DM 2 zwischen 55 und 75 Jahren alt, mit einer axialen
Augenlange < 26 mm, < 6 D von Myopie und < 2 D von Zylinder. Im Fall von
diabetischem Makulaédem, wurde eine minimale Mindestnetzhautdicke von 300 pum
gefordert. Die Einschlusskriterien fiir die zweite Gruppe waren gleich aber ohne DM
2. Die Einschlusskriterien fir die dritte Gruppe umfassten gesunde junge Freiwilliger
zwischen 18 und 35 Jahren alt mit einer axialen Augenliange < 26 mm, < 6 D von
Myopie und < 2 D von Zylinder. Fir alle die Gruppen waren die Einschlusskriterien:
irgendeine Augenpathologie, vorige Behandlung oder Augenchirurgie, Amblyopie,
nicht-kaukasische Rasse, Schwangerschaft oder Wochenbett, endokrine oder
neurologische Erkrankungen, Krebsgeschichte, systemische Behandlung mit
Kortikosteroiden, Immunsuppressiven, biologischen Therapien oder Arzneimitteln mit

moglicher Netzhauts oder Sehnervstoxizitat.

Alle die Untersuchungen mit OCT wurden um dieselbe Uhrzeit durch
erweiterte Pupillen von demselben Untersucher aufgenommen. Zwei Arten von
Analysen wurden aufgenommen: eine 12 mm horizontale Linie und ein 6xé6mm
makularer Wirfel Aufnahmfeld. Von der ersten, 11 Handmessungen der
Aderhautdicke wurden aufgenommen. Von der zweiten, wurden die Aderhautdicke
sowohl beim ETDRS-Gitter als auch bei einer anderen Gitter mit 30x30 kleinen
Wiirfeln aufgenommen, von denen 2D und 3D Darstellungen geschaffen wurden.

Eine neue Aderhautteilung wurde aufgestellt um Vergleichen auszufiihren.

Hier unten steht die Zusammenfassung der vier Artikeln:
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1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Sunén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-793.

Es handelt sich um eine Querschnittstudie, an der 50 Augen von 33 gesunden
Personen und 60 Augen von 43 Patienen mit DM 2 teilnahmen. Ihre Objektiv war die
intrasitzunge Wiederholbarkeit der Vermessungen der Aderhautdick mit SS-OCT in
Patienten mit DM 2 und in gesunden Personen festzustellen. Innerhalb der
diabetischen Gruppe, hatten 7 Patienen keine diabetische Retinopathie, 13 milde, 32
maRige, 5 schwere und 3 proliferative Retinopathie. Die Halfte der Patienten mit DM
2 wiesen diabetischem Makuladdem auf. Die Wiederholbarkeit wurde nach der
Vermessung der Aderhautdicke in drei verschiedenen Untersuchungen analysiert, die
nacheinander bei einer einzellen Sitzung durchgefiihrt worden waren, und auBerdem
waren die automatisch von innerer Software abgegrenzt worden. Auf der horizontaler
12mm-Linie wurden 11 Positionen mit 500um-Zwischenraum mit dem Kompass von

demselben Untersucher gemessen.

Das Duchschnittsalter betrug 68.02+8.80 Jahre bei den gesunden Patienten
und 66.28+7.80 Jahre bei den Diabetikern (p=0.28). Die subfoveale Aderhautdicke in
Gesunde und Diabetikern betrug 222.97+79.90 um beziehungsweise 192.67+74.30
um (p=0.013). Der Intraklassen-Korrelationskoeffizient, der Variationskoeffizient und
die test-retest Variabilitit wurden gerechnet. Alle die Intraklassen-
Korrelationskoeffizienten waren hoher als 0.95 beziehungsweise 0.99. Die
Variationskoeffizienten waren kleiner als 4.4% beziehungsweise 1.8%. Die test-retest
Variabilitat schwankten zwischen 0.76 und 11.12 um beziehungsweise 0.64 und 6.29
um. Man hat keine signifikative Unterschiede bei der intrasitzungen Wiederholbarkeit
von keinen Aderhautmessungen sowohl bei Gesunden als auch Diabetikern

gefunden.

AbschlieBend hatte die SS-OCT eine ausgezeichnete intrasitzunge
Wiederholbarkeit von der Aderhautmessungen bei gensunden Personen und

Patienten mit DM 2.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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2. Abadia B, Suiien I, Calvo P,Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

Es handelt sich um eine Querschnittstudie, die 157 Augen von 94 Patienten
mit DM 2 aufnahm. lhre Objektiv war die Aderhautdicke zwischen Diabetikern und

gleichaltrigen Gesunden Personen zu vergleichen.

Innerhalb der 157 diabetischen Augen, wiesen 48 diabetischen Makulaédem
auf. 49 hatten keine diabetische Retinopathie, 27 hatten milde, 60 maRige, 14
schwere und 7 proliferative Retinopathie. Auf jedes OCT-Bild wurden 11
Handmessungen von Aderhautdicke durchgefiihrt. Eine war subfoveal, fliinf nasal und
funf temporal, mit 500um-Zwischenraum zwischen diesen Messungen. AuBer dem
Aderhautdickevergleich  zwischen die drei Studiengruppe, wurde eine
Korrelationsanalyse zwischen die Diabetesdauer, die HbA1c-Werte und die
Aderhautdicke durchgefiihrt. Man hat die Bilder maskiert, sodass der Untersucher

nicht identifizieren kénnte zu welchem Patient gehorte jeder Schnitt.

Das Durchschnittsalter betrug 67.60+8.10 Jahre und es gab keine
Unterschiede bezliglich des Alters, der axialen Augenlidnge und des Blutdrucks
zwischen den drei Gruppen (p>0.05). Die Durchschnittsdauer der Diabetes war
16.6+x9.5 Jahre, wahrend die durchschnittliche HbAlc-Werte war 7.7£1.3%.
Ingesamt, die Aderhaut war signifikantlich diinner als in Diabetikern. Die Patienten
mit diabetischem Makuladdem zeigten kleinere Aderhautdicke in allen den
Messungen, aulBer der nasalen 2000- und 2500um-Positionen, im Vergleich zu den
Gesunden. Man hat eine maBige Korrelation zwischen der Aderhautdicke und die
HbAlc-Werte in Patienen mit Odem gefunden (r=0.342, p=0.017 in subfovealer
Position). Es gab keine signifikante Korrelation zwischen die Diabetesdauer und der
Aderhautdicke. In beiden Gruppen zeigte die Aderhaut ein dhnliches Muster: die war
dicker in subfovealer Position, gefolbt von temporaler und nasaler Positionen. Diese

Ergebnisse waren 3hnlich wie andere Studien.10-12
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AbschlieBend entdecken die SS-OCT-Messungen, dass die Aderhaut
signifikantlich dinner ist in Patienten mit DM 2, Patienten mit maRiger diabetischen

Retinopathie und Patienten mit diabetischem Makulaédem, als in gesunden Personen.

3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

Der Objektiv dieser Querschnittstudie war, die topografische Striche der
Aderhautdicke mit SS-OCT zwischen Patienten mit DM 2 und gleichaltrigen
Gesunden zu bestimmen und zu vergleichen. 66 Augen von 33 Gesunden und 192
Augen von 96 Diabetikern nahmen teil. 36 Augen hatten keine diabetische
Retinopathie, 26 hatten milde, 25 maRige, 5 schwere und 4 proliferative Retinopathie.

Kein von ihnen wiesen Makula6dem auf.

Ein makularer 6xé6mm Wirfel von SS-OCT wurde analysiert, nach
automatischer Abgrenzung und Aderhautdicke-Vermessungen von dem inneren
Software. Die gescannte Zone wurde in verschiedene kleineren Zonen nach der
Aderhautdicke eingeteilt und die entsprechende Zonen wurden zwischen die Gruppe

verglichen. 3D Karte wurden auBerdem geschafft, um die Aderhaut darzustellen.

Es gab keine Verschiedene weder in Alter noch in axialer Augenldnge (p>0.05).
Die Durchschnittsalter betrug 66.83+3.71 Jahre beim Gesunden und 67.94+7.93
Jahre bei Diabetikern. Die Aderhautdicke war ingesamt signifikantlich diinner bei
Diabetikern (p<0.05). AuRer der Fovea, die Durchschnittsaderhautdicke war gréRer in
der oberer Netzhaut und die verkleinerte nach temporal und nasal. Die kleinste Dicke

befand sich in den entferntesten Punkten.

Diese Ergebnisse waren ahnlich diesen, die behaupteten, dass die
Aderhautdicke kleiner bei Diabetikern war. Trotzdem war dieses Mal das erste, dass
vollstandige 3D Karte gezeigt wurden, die aus SS-OCT Angaben mit automatischen

Abgrenzung und Vermessungen hergestellt worden waren.

AbschlieBend folgt die Aderhautdicke ein ellipsoides Muster sowohl bei

diabetischen Augen als auch nicht-diabetischen, mit einer allgemeinen Verdiinnung
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im Vorhergehend. Diese Unterschiede zu verstehen ist wichtig flir zuklinftige Studien,
die die Pathophysiologie und die Verbindung zwichen Aderhaut und diabetischer

Retinopathie erklaren méchten.

4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.

Diese Querschnittstudie stellte die makuldre Aderhautverdiinnung fest
zwischen gesunden Jungen, gesunden Erwachsenen, Jungen mit hoher Myopie und
Patienten mit DM 2 im Gebrauch vom ETDRS-Gitter und 3D Karten. An die erste
Studiengruppe nahmen 102 Augen von 51 gesunden Jungen teil, an die Zweite 60
Augen von 30 gesunden Erwachsenen, an die Dritte 110 Augen von 55 Erwachsenen

Patienten mit DM 2 und an die Vierte 24 Augen von 12 Jungen mit hoher Myopie.

Die Aderhautdickewerte wurden mittels 30x30-Wdrfel-Grillen von 200x200
um jedem Grille erlanget, die die OCT automatisch stellte, und 3D Karte geschafft
wurden, um die Aderhautdicke darzustellen. Die wurde auch in jedem ETDRS-Sektor
gemessen. Das Durchschnittsalter war 27.31+3.95, 66.41+7.54, 27.69+3.89 und
66.48+7.39 Jahre beziehungsweise in den Studiengruppe. Die Aderhautdicke zeigte
nicht gleichmaRig, weil die Obere und Zentrale dicker in allen die Gruppen waren. Alle
die ETDRS-Sektoren waren immer dicker (p<0.05) in gesunden Jungen als in den
anderen. Man hat gefunden, dass der Aderhautsektor, der am meisten verdiinnte, der
Unterer war im Fall von Alter (Verminderung von 103.28 uym), der Unterer-nasal im
Fall von hoher Myopie (Verminderung von 86.19 um) und der Temporal in DM 2

(Verminduerung von 55.57 ym).

Die Aderhaut der gesunden Jungen wurde als Bezug gedient und in
verschiedene Zonen nach der Durchschnittsaderhautdicke bei jedem makularen
Wiirfel eingeteilt. Finf nasale und fiinf temporale Zonen wurden abgegrenzt. Die
Vergleiche zwischen entsprechenden Zonen entdeckten, dass die Aderhaut am
mesiten in diesen Zonen verdiinnte, wo die Aderhaut dicker war bei gesunden

Jungen.
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Die 3D Darstellungen zeigten verschiedene Muster: ein ,Bergkette“ Muster bei
gesuden Jungen, ein ,Berggipfel® Muster bei gesunden Erwachsenen, ein
,2umgekehrter Engpass“ Muster bei jungen hohen Myopen, und ein ,zusammenstellte
Higel“ bei erwachsenen Diabetikern. Manche Autoren hatten schon friiher versucht,
topografische Beschreibungen oder Aderhautkarte durchzufiihren, aber das war das
erste Mal, eine so genaue Karte zu schaffen. Das war ebenso das erste Mal, dass

verschiedene topografische Muster ausfiihrlich beschreibt wurden.

AbschlieBend wurden die Aderhautregionen nicht dhnlich betroffen, da es an
die Pathologie kommt. Um ein besseres Verstehen und eine vollstindigere Analyse,
werden die 3D Karte ein nlitzliches Werkzeug. Man sollte noch weiter forschen, um

die Pathophysiologie dieser Aderhautmuster zu erklaren.
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¢) TResumen de la tesis (AR)

La DM 2 e una enfermedat con afectazion multisistémica, que puede
cllasificar-se en macro i microangiopatia. La primera inclluye cardiopatia isquémica,
azidén zelebrobascula i enfermedat alterial periférica. La segunda inclluye nefropatia,
polineuropatia periférica i retinopatia diabetica. Seguntes la cllasificazidon
internazional, la retinopatia diabetica se cllasifica en zinco escaldns: sin retinopatia,
lixera, amoderada, grabe i proliferatiba. La retinopatia lixera, amoderada y grabe
perteneixen al grupo de retinopatia diabetica no proliferatiba. Una atra manifestazién
retiniana e el edema macula diabetico, que normalmén suposa una pi6 agudeza bisual

i e rebersiblle si se trata a tiempo.

La tomografia de coherenzia dptica (OCT) a resultau ser mui Gtil pa la detectar
edema macula diabetico, asinas como pa medir la grosaria retiniana. El desarrollo de la
OCT swept-source (SS-OCT) i la tecnolochia EDI an permitiu analisis fundos i prezisos
de la coroides. La bersién prebia d'OCT eba la OCT de dominio espectral (SD-OCT) i
teniba mend resoluzion axial en comparanza con la SS-OCT, con segmentazion
imprezisa de la coroides, a menos que s'actiba-se el modo EDI. La coroides esta
formada mayormén de benas sanguinas i lleba alporte sanguino a las capas externas
de la retina. Durando los zagueros afos, s'a examinau la coroides de forma esaustiba i
s'a relazionau la suya grosaria con multiplles condiziéns fisiologicas, i enfermedaz
oculds i sistematicas. La mayoria de los estudios ban trobar que'esta enfllacada a la
DM 2. Sin embargo, encara no esta cllaro cémo afecta el edema macula diabetico a la
gordaria coroidea. Asinasmesmo, se ba proposar que sigue un patrén irregulad pero
dica ara no s’an fei mas inbestigazions que definan la suya topografia de forma prezisa

i como baria con las diferéns condizidns i enfermedaz.

El tema prenzipal de los quatro articllos qu’aconforman ista tesis dotoral ba ser
I'estudio de la coroides i la suya topografia con SS-OCT a sanos i paziéns diabeticos.
Los obchetibos ban ser los siguiéns: berificar la repetitibilidat intratest de las
medizidns de gordaria coroidea con SS-OCT a personas sanas i paziéns con DM 2 con
retinopatia diabetica, comparar la gordaria coroidea entre sans i paziéns con DM 2, i
analizar la gordaria coroidea per toda la macula en paziéns diabeticos i controls sans

achustaus per edat.
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Se ba realizar un estudio trabersero a I'Espital Unibersitario Miguel Servet a
Zaragoza (Espafa) entre nobiembre de 2015 i nobiembre de 2017, con recllutamiento
de barios grupos d’estudio. Los criterios d'incllusiéon pa’l primé grupo ban ser paziéns
con DM 2 entre 55 i 75 anos, con una largaria axial < 26 mm, < 6 D de miopiai <2 D
de zilindro. En caso d’edema macula diabetico, se ba requerir una gordaria retiniana
minima de 300 um. Los criterios d'incllusion pa’l segundo grupo ban ser los mesmos
pero sin la presenzia de DM 2. Los criterios d’incllusién pa’l tercé grupo ban inclluir
bolunarios chobes sanos entre 18 i 35 anos con una largaria axial < 26 mm, < 6 D de
miopia i < 2 D de zilindro. A toz els, los criterios d'excllusion ban ser: cualquié
patolochia ocular, tratamiento o ziruchia oftalmolégica prebia, ambliopia, raza diferén
de la caucasica, prefo u puerperio, enfermedat endocrina u neuroldchica, istoria de
canzer, tratamiento sistémico con corticoides, inmunosupresores, terapias bioldgicas

u melezinas potenzialmén téxicas pa la retina u el nernio optico.

Toz los examens con OCT se ban alquirir per ninetas dilatadas a la mesma ora
del dia i pe’l mesmo técnico esperimentau. Se ban realizar dos tipos d’analisis: una
[linia orizontal de 12 mm i un cubo macula de 6x6 mm. Al primero, se ban obtenir 11
mediziéns manuals de gordaria coroidea. Al segundo, se ban obtenir las gordarias
tanto a la reixeta ETDRS como a una atra de 30x30 cubos chicos, a partir de los
cuales se ban crear representazions 2D i 3D, i se ba establleixer una nueba dibisién

coroidea pa efectuar comparazions.

Deseguida e el resumen de los quatro articllos:
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1. Abadia B, Calvo P, Bartol-Puyal F, Verdes G, Suinén |, Ferreras, A.
Repeatability of choroidal thickness measurements assessed with swept-
source optical coherence tomography in healthy and diabetic individuals.
Retina. 2019 Apr;39(4):786-793.

Iste e un estudio trabersero que inclluye 50 uellos de 33 indibiduos sanos i 60
uellos de 43 paziéns con DM 2, i que su proposito eba ebaluar la repetitibilidat
intrasesion de las medizidns de gordaria obtenidas meyan SS-OCT a paziéns con DM
2 i a controls sanos. Dintro del grupo diabetico, 7 paziéns no teniban retinopatia
diabetica, 13 teniban lixera, 32 amoderada, 5 grabe i 3 proliferatiba. La mitat de los
paziéns diabeticos teniba edema macula diabetico. La repetitibilidat se ba analisar tras
medir la gordaria coroidea a tres examens diferéns que s’abeban fei consecutibamén a
una sola sesion, i amas abeban siu deliniaus automaticamén p’el software interno.
Sobre la linea de 12 mm, se ban medir 11 posiziéns con interbalos de 500 um con el

compas per parti del mesmo examinado.

La edat meya ba ser de 68.02+8.80 anos al grupo de sanos i 66.28+7.80 anos
al de diabeticos (p=0.28). La gordaria coroidea subfobeal a los sanos i a los diabeticos
ba ser de 222.97+79.90 ym i 192.67+74.30 ym, respeutibamén (p=0.013). Se ban
calcular el coefizién de correlazion intracllase, el coefizién de bariazion i la bariabilidat
test-retest. Toz los coefiziéns de correlazion intracllase ban ser mayés de 0.95i 0.99,
respeutibamén. Los coefiziéns de bariazion ban ser mends de 4.4% i 1.8%,
respeutibamén. La bariabilidat test-retest oszilaba entre 0.76 i 11.12 pm, i entre 0.64 i
6.29 um, respeutibamén. No se ban trobar diferenzias significatibas a la repetibilidat
intrasesion de nenguna medizién coroidea tanto a indibiduos sanos como a

diabeticos.

En remazanza, la SS-OCT teniba una eszelén repetibilidat intrasesién de las

medizions de gordaria coroidea a indibiduos sanos i a paziéns con DM 2.


https://www.ncbi.nlm.nih.gov/pubmed/29324590
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2. Abadia B, Suiien I, Calvo P,Bartol F,Verdes G, Ferreras A. Choroidal
thickness measured using swept-source optical coherence tomography is
reduced in patients with type 2 diabetes. PLoS One. 2018 Feb
2;13(2):e0191977.

Iste e un estudio trabersero que incluye 157 uellos de 94 paziéns con DM 2 i
71 uellos de 38 indibiduos sanos. El suyo obchetibo eba acomparar la gordaria

coroidea entre los diabeticos i los controls sanos achustaus per edat.

D'entre los 157 uellos diabeticos, 48 teniban edema maculd diabetico. 49
uellos no teniban retinopatia diabetica, 27 lixera, 60 amoderada, 14 grabe i 7
proliferatiba. A cada imachen de SS-OCT se ban realizd 11 mediziéns manuals de
gordaria coroidea. Una eba la subfobeal, zinco nasals i zinco temporals, con interbalos
de 500 pym entre ellas. Amas d’acomparar la gordaria coroidea entre los tres grupos
d’estudio, se b afer un analisis de correlazién entre la durazién de la diabetes, los rans
de HbA1c i la gordaria coroidea. Se ban enmarcarar las imachens pa qu’el examinadd

no podese identificar de qué pazién eba cada tallo.

La edat meya ba ser de 67.60+£8.10 afios i no ba ny’aber diferenzias en cuanto
a edat, largaria axial ni tension alterial entre los grupos (p>0.05). La durazién meya de
la DM 2 ba ser de 16.6+9.5 afios, mientras que la Hb1Ac meya ba ser de 7.7+1.3%.
En cheneral, la coroides eba significatibamén mas fina a los diabeticos. Los paziéns
con edema maculd diabetico amostraban gordarias coroideas reduzidas a todas las
mediziéns, fueras de las posizions 2000 i 2500 ym nasals, en acomparanza con los
sanos. Se ba trobar una correlazién amoderada entre la gordaria coroidea i los rans de
HbA1c a paziéns con edema (r=0.342, p=0.017 a la posizién subfobeal). La durazién
de la diabetes no se ba correlazionar significatibamén con la gordaria coroidea. A los
dos grupos, la coroides ba amostrar un patrén simila: eba mas rezia a la posizidn

subfobeal, seguida de temporal i nasal. Istos resultaus eban similas a atros estudios.®"
12

En rematanza, las mediziéns con SS-OCT rebelan que la coroides esta
significatibamén enfllacada a paziéns con DM 2, paziéns con retinopatia diabetica

amoderada, i paziéns con edema macula diabetico, que a indibiduos sanos.
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3. Abadia B, Bartol-Puyal F, Calvo P, Verdes G, Isanta C, Pablo L. Mapping
choroidal thickness in patients with type 2 diabetes. Can J Ophthalmol.
2019 Aug 9. pii: S0008-4182(19)30344-8

Se trata d’'un estudio trabersero que su obchetibo eba determinar i acomparar
las trazas topograficas de gordaria coroidea con SS-OCT entre paziéns con DM 2 i
controls sanos achustaus per edat. Se ban analizar 66 uellos de 33 indibiduos sanos i
192 uellos de 96 paziéns diabeticos. 36 uellos no teniban retinopatia diabetica, 26
teniban lixera, 25 amoderada, 5 grabe y 4 proliferatiba. Nenguno d’els presentaba

edema maculd diabetico.

Se ba analizar un cubo maculd de 6x6 mm con SS-OCT, con segmentazion i
medizion de gordaria de coroides automaticas. L'aria escaneada se ba dibidir en
diferéns zonas seguntes la gordaria coroidea i se ban acomparar entre los grupos las

zonas equibaléns. Amas se ban crear mapas 3D pa representar la coroides.

No se ban trobar diferenzias a edat ni largaria axial (p>0.05). La edat meya ba
ser de 66.83+3.71 anos al grupo sano i 67.94+7.93 afos al grupo diabetico. En
cheneral, la gordaria coroidea eba significatibamén mas enfllacada a los diabeticos
(p<0.05). Fuera de la fobea, la gordaria coroidea meya eba mayd a la hemirretina
superié i minguaba enta inferid, temporal i nasal, sén minima a los puntos mas

llejanos.

Istos resultaus eban similds a los qu’afirmaban que la gordaria coroidea e mend
a paziéns diabeticos, pero eba la primera begada que s’amostraban mapas 3D
esaustibos orichinaus a partir de datos obtenius de SS-OCT con segmentazion i

medizidns automaticas.

En rematanza, la gordaria coroidea sigue un patrén elipsoide tanto a uellos de
diabeticos como no-diabeticos, con enfllacamén difuso a la primera. Comprender istas
diferenzias e importante pa estudios esbenideros que pretendan expllicar la

fisiopatolochia i la relazién entre coroides i retinopatia diabetica.
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4. Bartol-Puyal F, Isanta C, Ruiz-Moreno O, Abadia B, Calvo P, Pablo L.
Distribution of Choroidal Thinning in High Myopia, Diabetes Mellitus, and
Aging: A Swept-Source OCT Study. J Ophthalmol. 2019 Aug
15;2019:3567813.

Se trata d’'un estudio trabersero qu'acomparaba I'enfllacamén coroideo macula
entre chobes sanos, mayds sanos, chobes miopes magnos i paziéns con DM 2 usan la
reixeta ETDRS i mapas 3D. El primé grupo d’estudio inclluyiba 102 uellos de 51
chobes sanos, el segundo inclluyiba 60 uellos de 30 indibiduos mayds sanos, el
terzero se comoniba de 110 uellos de 55 paziéns con DM 2, i el quarto estaba formau

per 24 uellos de 12 paziéns chobes miopes magnos.

Las baluras de gordaria coroidea se ban obtenir a reixetas de 30x30 cubos de
200x200 pym cada cubo, que daba de forma automatica la OCT, i se ban crear mapas
3D pa representar la gordaria coroidea. Iste tamé se ba medir a cada secté de la
reixeta ETDRS. La edat meya ba ser de 27.31+3.95, 66.41+7.54, 27.69+3.89 i
66.48+7.39 anos a los quatro grupos, respeutibamén. La gordaria coroidea no ba
mostrar ser uniforme, ya que las zonas superié i zentrals eban mas rezias a toz los
grupos. Toz los sectés ETDRS eban siempre mas rezios (p<0.05) a indibiduos chobes
sanos qu'a los atros. Se ba trobar qu’el secté coroideo que mas s'enfllacaba eba
I'inferié al caso de la edat (mingua de 103.28 um), el inferid-nasal a miopia magna

(mingua de 86.19 ym) i el temporal a DM 2 (mingua de 55.57 ym).

La coroides de los chobes sanos se ba usar como referenzia i se ba dibidir en
zonas diferéns seguntes la gordaria coroidea meya a cada cubo macula. Se ban
delimitar zinco zonas nasals i zinco temporals. Las comparanzas entre las zonas
equibaléns ban rebelar que la coroides s’enfllacaba mas a aquelas zonas ane eba mas

rezia a los chobes sanos.

Las representazions 3D amostraron patrons diferéns: un patrén “en cadena
montanyosa” a indibuduos chobes sanos, “en pico montanyoso” a indibiduos mayds
sanos, “‘en garganchon tornau” a paziéns chobes miopes magnos, i “en pueyos
agrupaus” a paziéns mayos con DM 2. Bellos autos abeban mirau de realizar

descripzions u mapas coroideos, pero ba ser la primera begada que se creaba un mapa
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tan pormenorizau. Asinasmesmo, eba la primera begada que se definiban diferéns

patréns topograficos.

En rematanza, no todas las rechiéns coroideas s'afectan de forma simild, dau
gue depende de la patolochia. Pa una millé6 comprensién i analisis mas esaustibos, los
mapas 3D son una ferramienta Gtil. Deberian realizar-se mas estudios que explicasen

la fisiopatolochia d’istos diferéns patréns coroideos.
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5) IRTRODUCTION

a) Diabetes mellitus type 2

T2D is a systemic disease with a multisystemic affection. It is the most
common type of diabetes and it is characterized by chronic hyperglycaemia.
According to the American Diabetes Association, it may be diagnosed with the
presence of any of the following criteria: Haemoglobin A1C > 6.5%, fasting plasma
glucose >126mg/dl (7.0 mmol/l), a 2-hour plasma glucose level > 200 mg/dl (11.1
mmol/l) during a 75-g oral glucose tolerance test or a random plasma glucose level >
200 mg/dl (11.1 mmol/l) in a patient with classic symptoms of hyperglycaemia or

hyperglycemic crisis. 1314

The risk of developing depends on risk factors; some of them are not
preventable such as gender, age over 40 years, ethnicity or family history, but some
other are such as eating, overweight, sedentary lifestyle, smoking or alcohol. There
are other conditions contributing to its severity such as high blood pressure,
hyperlipidaemia, disturbed sleep, some mental health conditions, the polycystic ovary

syndrome or gestational diabetes.®

Its prevalence in developed countries has been increasing for the last
decades.’® In 2011-2012 between 12 and 14% of adults in the United States of
America were diagnosed as T2D patients, in contrast to a 9.8% in 1988-1994.%¢ [f this
trend continues, it should be expected to be one of the most prevalent diseases in

developed countries.

Peripheral resistance to insulin features in its pathogenesis and leads to a
maintained hyperglycaemia, what has implications such as: production of
glycosylation end products, mitochondrial stress, activation of the aldose reductase
and the glycolytic pathway, and higher levels of diacylgycerol, as a result of the
activation of the metabolic pathways increasing polyol.)” Sorbitol is increased and it
implies a potential osmotic damage.'® Other metabolic pathways are increased and

have implications on the vascular system, such as the protein kinase pathway,’ the
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upregulation of vascular endothelial growth factor (VEGF),” generation of advanced
glycation endproducts,”® chronic oxidative damage?®! or increased activation of the
renin angiotensin system.?? As consequences, cell dysfunction and apoptosis occur in
endothelial cells, pericytes and podocytes, which together with increased
inflammation factors eventually lead to an increased vascular permeability, vascular
occlusion, inflammation and angiogenesis.?®> Hence, multisystemic affection is due to
this vascular dysfunction and it can be divided into macro and microangiopathy,
depending on vessels' calibre. The former encompasses ischemic cardiopathy,
cerebrovascular accident and peripheral artery disease. The latter include
nephropathy and DR.

Diabetes may have other ophthalmological implications such as higher risk of

4 cataracts,® diabetic corneal neuropathy, dry eye

primary open-angle glaucoma,?
syndrome, Meibomian gland dysfunction,?®?” diabetic papillopathy?® or palsies of the
third, fourth or sixth cranial nerves.?’ Cataracts are more 2-5 times more frequent in
diabetic patients than in non-diabetic and they appear as well at a younger age.?®
Generally, diabetes is a risk factor for all types of cataracts, but especially for
posterior cortical and posterior subcapsular cataracts.?’> Diabetic corneal neuropathy
comprises the loss of corneal nerves, what leads to a reduced neurotrophic support
and results in accelerated loss and reduced proliferation of epithelial cells.
Complications on anterior pole may have some consequences on corneal and
cataracts surgery, and in the use of contact lenses. Diabetic papillopathy is a self-
limited entity which is identified by unilateral or bilateral optic disk swelling
associated with minimal or even no dysfunction.?® Diabetes is a common cause of

binocular diplopia, which is due to microvascular neuropathy in cranial nerves, and it

usually recovers spontaneously in five months.*°

b) WDiabetic retinopathy

One of the leading causes of blindness among the working population is DR.
Approximately the 35% of an estimated 415 million people with DM worldwide will
develop DR.2! By the year 2040, its prevalence is expected to rise to an estimated
642 million.3 It is a microangiopathy affecting small retinal vessels and there is a

strong relationship between DR and chronic hyperglycemia.33'34
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Based on the international clinical DR disease severity scale,® five steps have
been defined.? The first one includes those patients with no DR. The second step
comprises those with only retinal microaneurysms, and it is called ‘mild NPDR'. The
third is named ‘moderate NPDR’ and it consists of those patients with at least one of
the following retinal lesions: intraretinal haemorrhages, cotton wool spots, hard
exudates or venous beading. ‘Severe NPDR’ is the fourth step and it is defined by at
least one of the following criteria: more than 20 intraretinal haemorrhages in the four
quadrants, 2 or more venous beadings or one intraretinal microvascular abnormality
(IRMA). The last step is the ‘PDR’ and it is featured by the presence of retinal
neovascularization. Neovessels may appear next to the papilla (papillary neovessels),
elsewhere in the retina, in the iris (rubeosis) or in the irido-corneal angle. Lesions such
as vitreous haemorrhage or preretinal haemorrhage imply that the patient may be
developing PDR without prior knowledge. If not treated, neovessels on the retina
may eventually lead to a tractional retinal detachment, which has a poorer prognosis
than most of rhegmatogenous retinal detachments and higher risk of vitreoretinal
proliferation. Rubeosis usually precedes neovessels in irido-corneal angle and
therefore they ought to aware us of the high risk of developing neovascular
glaucoma. However, not always do they appear in this sequence. In some occasions,
neovessels in irido-corneal angle are prior to those on the iris or on the retina, and
that is why gonioscopy should be performed in patients with high risk of PDR.
Panretinal photocoagulation with Argon laser is reserved as a treatment for PDR,*

although recent research has revealed that treatment with anti-VEGF injections in

non-inferior to panretinal photocoagulation at least through two years.

Figure 1. The five steps of DR from left to right.
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Patients with DR should regularly undergo ophthalmological examinations in
order to prevent complications due to PDR. The higher the severity of their lesions,
the more often ophthalmological examinations should be performed. Additionally,
high HbA1c levels are a risk factor for developing higher stages of DR,*” that is why

those patients should have their diabetes better controlled.

Apart from the DR severity scale, DME may be present, usually classified as
‘subfoveal’ or ‘extra-foveal’ DME. This is one of the main causes of visual loss in
diabetic patients, which is reversible if correctly treated and in time. It is the result of
microvascular changes secondary to maintained hyperglycaemia and other metabolic
pathways such as polyol pathway, advanced glycation endproducts pathway, protein
kinase C pathway and hexosamine pathway.®® They lead to endothelial dysfunction
and hyperpermeable retinal capillaries, with increased exudation of serum and high
levels of inflammatory cytokines.®’ According to the American Diabetes Association,®
patients may be classified into ‘absent DME’ or ‘present DME’.? The latter is featured
by some retinal thickening and/or hard exudates in posterior pole. These patients
may be further classified into three stages: mild, moderate and severe DME. In the
former those patients with some retinal thickening and/or hard exudates in posterior
pole but distant from macula are included. The moderate DME is defined by retinal
thickening and/or hard exudates approaching the centre of the macula but not
involving it. The last stage is for those patients with retinal thickening and/or hard
exudates involving the centre of the macula.! Different types of classifications have
been proposed for DME, mainly based on OCT findings.*® One of the main

,** who established three phenotypes

classifications has been that of Cunha-Vaz et a
of patients with DR according to the risk of developing DME. It may not be a simple
issue, but in general it has been accepted to classify it after the main underlying
pathophysiological mechanism: vasogenic, inflammatory or a combination of both.
Some findings on OCT scans have been related to one or another type. On the whole
they may help clinicians to choose the most adequate treatment option. Other
findings on OCT such as epiretinal traction have been associated with DME, which
does not seem to have an influence on the pathophysiological underpinnings of the
oedema. Epiretinal membranes are rather related to the systemic and

ophthalmological inflammation that occurs in diabetic patients.
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The presence of DME does not always require to be treated. It depends on
factors such as VA impairment or oedema location. In case of centre-involving DME,
there are two first-line treatment options for DME: intravitreal anti-VEGF agents and
dexamethasone intravitreal implant. However, there are other second or third-line
treatment options such as: laser photocoagulation, vitrectomy and intravitreal

fluocinolone implant.*?

c) Optical coherence tomography

New technological devices have been being used in ophthalmology in general
to get objective measurements, which can be compared with reference values. These
have been very useful particularly in patients with DME, because of the possibility of

evaluating response to treatment.® Hence, the OCT has been playing a key role.

The OCT is a non-invasive imaging technique which uses a low-coherent near-
infrared light which is emitted by a superluminescent diode, and light waves are
reflected by the internal microstructures within biological tissues due to their
differing optical indices. The echo time delay of reflected light waves is determined
by an interferometer, and the intensity of the reflected light waves is translated into
an intensity map and encoded using a grey scale.®® The interference patterns
construct an axial A-scan, and multiple A-scans from adjacent points reconstruct a
cross-sectional image of the target tissue, known as B-scan.** Time-domain OCT (TD-
OCT) was the first version whose implementation was spread throughout
ophthalmologists worldwide. Light echoes are detected sequentially by the step-
movement of a reference mirror. It has an axial resolution of 8-10um and performs
400 A-scans per second.*> The following version was the SD-OCT, which uses a
wavelength of 840nm and an interferometer with a high-speed spectrometer, what
enables a higher image resolution (around 5-10um) and a scan rate of 20 000-80 000
A-scans per second.*® The last generation of OCT is the SS-OCT, which uses a longer
wavelength (1050nm) and provides a resolution of 3-5um and scan rate of 100 000
A-scans per second and a deeper penetration in the choroid.> One of the most
important advantages of this last version is the capability of visualizing the whole
choroid with high resolution, although it was already possible with the SD-OCT when

the EDI technology was activated.
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d) Choroid

The choroid is the ocular layer between retina and sclera mainly made up of
blood vessels, which proceed from the posterior ciliary arteries. Not only does it carry
blood supply up to the outer plexiform layer of the retina, it also plays an important
role in thermoregulation, control of intraocular pressure (IOP) and drainage of
acqueous humor. It is mainly composed of blood vessels but there is some stroma
including connective tissue, fibroblasts, smooth muscle cells, melanocytes,
mastocytes, macrophages, lymphocytes, nerves and extracellular fluid.*” It has been
divided into different layers: Bruch’'s membrane, choriocapillaris, medium-vessel or

Sattler’s layer, large-vessel or Haller’s layer and suprachoroid.

¢) Current situation and relationship between the

four published articles

With the development of EDI technology and SS-OCT, choroid has been
thoroughly analysed. It was not possible to make accurate measurements of its
thickness using previous OCT such as SD-OCT without EDI or TD-OCT. For the last
years, CT has been being measured and it has been found to vary with age,*®>°
AL/8°12 day time>™° and race.®® A choroidal thinning has been found in
pathologies such as myopia’ and DM,* ¢ and a relevant thickening has been found in

the pachychoroid spectrum, which includes the polypoidal choroidal vasculopathy.®’

Although multiple authors have proven that CT decreases in DM, but its
pathophysiological role in DME is not clear indeed.”® Some found a thickening,>’

10,60,61

some others found a thinning and some others no change.!'%%? Furthermore,

CT has not been associated with functional or anatomical outcomes.®®

Whereas the relationship between CT and those ocular pathologies has been
playing a major role for some years, its topography has not. Some authors analysed
the whole choroid and not only a few slides, finding an irregular or asymmetrical
pattern.””? In summary, no concrete topographic pattern has been found either in
healthy individuals or in T2D patients, since most of the studies perform horizontal

lineal analyses of the choroid.
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6) DHYPOTHESIS AND OBIECTIVES

a) Dypothesis

CT is reduced in T2D diabetic individuals with DR compared to healthy
subjects. The choroidal thinning is related to T2D, regardless that age implies

choroidal thinning itself.

b) Objectives

1) To assess the intrasession repeatability of CT measurements with SS-OCT
in healthy individuals and in T2D patients with DR.

2) To compare CT between healthy subjects and T2D patients with different
stages of DR, with and without DME.

3) To determine and compare the topographic features of CT between T2D
patients and age-matched healthy controls.

4) To evaluate the relationship between macular CT and HbA1c levels and
duration of diabetes.

5) To compare CT in the macular region between young healthy, aged healthy
and T2D individuals.
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7) TOETHODS

A cross-sectional study was performed at the Miguel Servet University
Hospital in Zaragoza (Spain) between November 2015 and November 2017. The
study protocol adhered to the tenets of the Declaration of Helsinki and was approved
by the Institutional Review Board (Clinical Research Ethics Committee of Aragon,

CEICA). Patients were informed about the study and signed the informed consent.

a) Inclusion and exclusion criteria

Different study groups were included in this study. The first one included
those T2D patients between 55 and 75 years old with or without DR. Patients were
diagnosed according to the criteria of the American Diabetes Association and they
were required to have no anti-glutamic acid decarboxylase antibodies. Their AL had
to be < 26 mm, < 6 D of myopia and < 2 D of cylinder. Tor the DME subgroup, a

minimum central RT of 300 ym was required.

The second study group enrolled healthy individuals between 55 and 75 years
old. Inclusion criteria were the same as those for the diabetic group but without T2D.
Healthy individuals’ medical records were examined in order to verify that none of
them had either any systemic illnesses or were under systemic treatment. HbA1c and

fasting glycaemic levels were measured as verification.

The third study group included young healthy volunteers between 18 and 35
years old. The other inclusion criteria were the same as those for the senior healthy

group.

For all of them, exclusion criteria were: any ocular pathology, previous
ophthalmological treatment or surgery, amblyopia, a race different from Caucasian,
pregnancy and puerperium, endocrine disease, neurological disease, cancer history,
systemic treatment with corticosteroids, immunosuppressive drugs, biologic therapies
and previous treatment with potentially toxic drugs to the retina and/or optic nerve.
In case of opacities of the optical media interfering with the OCT quality (signal/noise

ratio <40/100), they were excluded, too.



Page 58 of 124 Francisco de &sis Bartol-Puyal - ®octoral Thesis

Study group
Aged healthy | Young healthy

m

55-75 years old
36-54 years old
18-35 years old

0-34 years old

T2D

Other endocrine
Neurological

Cancer history
Corticosteroids
Immunosuppressive
Biologics

Other previous with potential
ophthalmological toxicity

Caucasian race

Age

Diseases

Treatment

OB B BE DE DE BE BE BE BE S M DE DE D D D D O O M NS

T2D | DM

v | ¥ A
¥ | M A
% | X 4
v | v o
, /| /
E S Other race W 4 1
& 2| Pregnancy y o X
©| Puerperium W » &
£ Amblyopia W oy A
2 DR 0 | A
O DME v M
Myopic fundus W b4 F.

¢ | Other ocular pathology : 4 ]
;8 Previous treatment : : :
-g Pseudophakia 0 0 o
| Other previous surgery # & » k1
< | <6 D of myopia v | & v v
G | 26 D of myopia & o 4 X
<26 mm of AL v | v v
>26 mm of AL W W b 4 X
<2 D of cylinder v v v v
22 D of cylinder 5 4 1 =
Signal/noise ratio < 40 o o v ol
- Signal/noise ratio > 40 e b1 . 4 X
O | Central RT<300 pm v | v ol
O | "Central RT2300 ym ® | v p ®
Artifacts i 1 x 1

= required criterion
# = exclusion criterion
0 = neither required, nor exclusion criterion



Francisco de &sis Bartol-Puyal - ®octoral Thesis Page 59 of 124

b) Examination protocol

All patients underwent a deep ophthalmological examination which included
clinical history, best corrected visual acuity (BCVA), refraction, slit-lamp examination,
IOP with Goldmann applanation tonometry, optical biometry (IOLMaster 500, Carl
Zeiss Meditec, Jena, Germany), indirect funduscopy and SS-OCT Triton Deep Range

Image (Topcon Corporation, Tokyo, Japan).

The following data were recorded for T2D patients: duration of diabetes and

mean HbA1c in the last year.

Topical tropicamide 1% and phenylephrine 2.5% were used for mydriasis.
i. 99-OCT

The SS-OCT used in the study was the Deep Range Imaging (DRI) Triton
(software version 1.1.4, Topcon Corporation, Tokyo, Japan). Its repeatability and

reliability have been proved in healthy patients®*¢®

and in choroid-thickness thinning
pathologies.® It gives similar measurements to the Zeiss Cirrus HD-OCT®” (Carl Zeiss)
although results should not be interchangeable.®* It has been stated that automatic
measurements reduce variability,® though there is still little possibility of scan

artifacts.®’

Figure 2. DRI Triton (from www.topcon-medical.eu)

All OCT scans were acquired through dilated pupils at the same day time -
between 4:00 and 7:00 pm- and by an experienced technician and under low

mesopic lighting conditions. Two types of analyses were performed in all patients: a
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horizontal 12-mm line and a macular 6x6 mm 3D cube, both centered on fovea and
using eye-tracking. They were performed three times but only the best examination
was selected for the analysis. Scans with low quality (<40/100), motion artifacts or
decentration were discarded. The choroidal segmentation was automatically
performed using the on-board device software called Topcon Advanced Boundary
Segmentation (TABS). In case of segmentation errors, manual corrections of individual
scans were performed to fit the choroidal boundaries (from the outer edge of the
hyper-reflective retinal pigment epithelial line to the inner edge of the sclera).
Patients underwent three consecutive SS-OCT scans in a single session. Between
scans, patients sat back away from the device and rested at least for 2 minutes. Two
weeks later, patients were re-examined using the same OCT protocols, and by the

same operator and conditions.

In case of horizontal 12-mm lines, CT measurements were manually obtained
at 11 positions using a caliper: five nasal (N1, N2, N3, N4 and N5) and five temporal
measurements (T1, T2, T3, T4 and T5) to the fovea at 500-um intervals along the
subfoveal measurement. Before these measurements, a masking was performed so

that the operator could not recognize patients.

Figure 3. Example of horizontal line scan with 11 manual measurements.

In macular 6x6 mm cubes, CT was obtained in two different ways: in every of
the nine ETDRS grids and in every of the 900 little cubes which form the full cube.
This type of acquisition consists of a grid of 30x30 little cubes of 200x200 uym. For
comparability, left-eye outcomes were converted into a right-eye format; in other

words, nasal and temporal CT values were exchanged in left eyes, but not superior
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and inferior values or right-eye values. All the analyses, considerations and figures

from now on refer to the right-eye format.
ii. TNew choroidal division

Besides the classic ETDRS grid, a new choroidal division was created. In the
control group, the choroid was divided into different zones according to the mean CT
of each cube, and five zones were established. This division was later applied to the
other study groups; that is, no new zones were demarcated, but the choroidal division
obtained from the healthy group was applied to the other study groups so that CT
values in every zone comprised exactly the same choroidal cubes. Mean CT of

equivalent zones were compared between groups.

Figure 4. ETDRS grid division. Figure 5. New choroidal division.

iii. 2B and 3D choroidal maps

Using the mean CT of the 900 cubes obtained with the macular 6x6 mm
macular cubes, 2D and 3D representations were plotted using Microsoft Word 14.0
(Word 2010, Microsoft Corporation, Redmond, WA, USA) for the former, and
Microsoft Excel 14.0 (Excel 2010, Microsoft Corporation) for the latter. These images
are intended to be a representation of real CT in such a way that choroidal
topography is easily identifiable and differences between groups are easier to

distinguish. Metric units on the vertical plane do not match the horizontal ones.
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c) otatistical analysis

Statistical analyses were performed using IBM SPSS (version 23.0; IBM
Corporation, Somers, NY, USA) and MedCalc (version 12, MedCalc Software,
Mariakerke, Belgium) statistical softwares. First, normality was verified by the
Kolmogorov-Smirnov test. If normal, a two-tailed Student’s or an ANOVA test was
used, and Scheffe test for post-hoc analysis. If not, a Mann-Whitney U or a Kruskall-
Wallis test was wused. Differences between percentages and qualitative
measurements were assessed by the x> test. Pearson correlations were calculated,
because all the correlated variables followed a normal distribution. For all analyses,

p<0.05 was considered as statistically significant.

For the repeatability analysis, the ICC, COV and test-retest variability were
calculated for each CT measurement. The COV were calculated as the standard
deviation (SD) divided by the average of the measured values expressed as a
percentage. The test-retest variability in CT was calculated as twice the SD of the

three repeated measurements for each CT variable.
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8) PusLicATiORS TTAKINRG YP THE THESIS /

RESUYLTS & DISCUSSION

REPEATABILITY OF CHOROIDAL
THICKNESS MEASUREMENTS ASSESSED
WITH SWEPT-SOURCE OPTICAL
COHERENCE TOMOGRAPHY IN
HEALTHY AND DIABETIC INDIVIDUALS

BEATRIZ ABADIA, MD. Pub.* PILAR CALVO, MD. PuD.*1 FRANCISCO BARTOL-PUYAL, MD.*
GUAYENTE VERDES, MD, Pul.2 INES SUNEN, MD,i ANTONIO FERRERAS, MD, PuD*#

Purposs: To 88558 1N iINrasesson repeatadiity of chandal INCKNess messuramens
obtained using swept-source optical coherence tomography in Type 2 dabetic (T20)
patiants and healthy contros,

Methods: This was & sngle-Canier, prospactive, cbiservational, cross-sactional study
with consacutive incusion of 33 hastny subjects and 43 T20 patents. Subjects urderwent
three consecutive swopt-source aptical coherance fomagrapthy scans in @ sngle session.
ARer automatic daineation of the choroid, subfoves! chomidal thicknees, and thickness ot
SO00-wm intervals up 10 2,500 wm rasl and temparal from the foves were measured using
the software calper by the same operator. Intraciass corelation coeffioents (ICCs). cosf-
Sicionts of variation, and test-retest varahiily wera caicidated

Results: Mean subfovas choroidal thickness in healtlyy subijacts and n T20 patents
was 228,67 = 799 and 16267 + 74.3 um, respectively (P « 0.013). All Intrasession intra-
class comelation coatfickants wera Rghar than 0.95 and 0.9%, respectivaly, Coefticents of
VARSLONS ware kass than 4 456 and 1.8%, respectivaly, Test-retast varabiity ranged from
078 pmto 11,12 um and 0.64 um ta 6,29 um, respectively. No significant differences were
found In tha intrasesson epaatablity of any choroidal measwroment between haathy
subects and T2D patscts,

Conclusion: Saept-source aptical coherence tomagraphy provided excelent intra-
session repoatabiity of choroldal thickness measwuroments in healtfy subjects and T20

patiems,
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understanding of ocular structures such as the optic
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imaging of OCT, providing the opportunity to explore
this vascular tisswe in better detail, Enhanced depth
imageng (EDL) spectral domain (SD) OCT systens®*
and more recently the incorpeaiticn of sechnology for
deep range image swept-soarce (S$) OCT has permit
ted 4 more precise study of the choroid* Swept-source
optical  coherence  tomogrophy  uses o Jopger
wivedength light source than SD-OCT, which allows
deeper penctration i the choroid thun EDI SD-OCT
andd provides better layer sepmentation of the sclero-
choeoid nterfuce, without affecting resolution in the
reting ™’ Mareover, the avioniatic segroentation soft-
ware of SSCOCT makes the measurements more accw
e and reproducibe” Although Adhi et al” reponted no
differences in macalar choroidal thickness measurements
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between SS- axt EDI SDAOCT, Tun et al™ found that
manwal segmentabion of SAOCT may ditler by mone
than S0 g compared with the autonated segmentation
of §5-0CT,

The better visualization has Jed to more intensive
investigations of this vascular structure that scems to
bave o significant role in different retinal patholo-
gies."! Dinbetic retinopathy {(DR) is @ neurovascular
disease with a bhigh prevalence and high socioeco-
nomic impact. Recent studies reveabed associations
between an abnormal choroidal thickness and diabe-
tes. 21 Evaluating chorosdal changes may help clini-
ciuns o make better therapeatic decisions and 10
moaitor the effect of treatments. For example. recent
studies in patients with wet sge-related macular degen-
eration and dmbeles reported that choridal thickness
may predict the response to antiangiogenic agents, '
Assessment of the accumcy of the measurements 1o
compure them over time anxd differentiale true ana-
tomic changes from the actual vafability of the meas-
urements Is thus critical. Although other studies have
evuluated the choroidal thickness SS-OCT s reproduc-
ibility in healthy eyes.®'% eyes of diaberic patients
have not been evaluated. The purpose of this study
was to evaluate the repeatability of choroidal thickmess
measurements using SS-OCT in beahthy {ndividuals
and in patieats with Type 2 diabetes (T2D).

Material and Methods

The Clinical Research Ethics Committeée of Aragdn
(CEICA) approved the study protocol, which adhered
1o the tenets of the Declaration of Helsinki. Thas sty
wits performed ina retrospective observational cross-
sectionnl manner. Al individeals from December
2015 1o July 2016 who met the inclusion criterin and
provided written informed consent were consecutively
recruited for the study. Healthy patients were selected
from healthy volunteers and study-naive patients with
T2D were recruited from the Retina Unit of Miguel
Servet University Hospital ut Zaragozs {Spain).

Subjects wese eligible if they were adulis with
a refractive emroe of less than 6 spherical dioptess
undlor 2 dioplers cylinder, axial kength =26 mm, and
euthyroad, Exclusion ¢otena included opacity of the
optical mede that could interlere with the gquality of
the OCT (signal/poise ratio <TIVIXD), preexisting net-
inal, choroidal, or opti nerve pathology, previous ocu-
lar treatment  with  Jaser  (focad  or  panretinal
photocongulation) or intravitreal agents, inflammatory
diseases or active or recent infection (ocular and/or
systemic), systemic treatment  with corticosteroids,
immunosuppeessive drugs or biologic therapies, preg-
pancy, and pucrperium,

Copynght

A full ophthalmologic examimation was performed
i all patients including clinical history, best-corrected
visual acuity (BCVA, deamal scale), examination of
the anterior segment ustng a shit-lamp, Goldmann
applinastion tonometry, and ophthulmoscopy of the
posterior segment, Optical biometry (101 Master 500,
Carl Zeiss Meditec AG, Jena, Germany) was used to
measure axial dength. In addition, a fasting blood
sample was obtained from an arm vein to determine
plasma glucose levels,

Diabetic Retinopathy Grading

Naive T2D patients were diagnosed based on the
criteria of the American Diabetes Association,™ and all
were negative for anti-glutamic acid decarboxylase anli-
body, This group was divided according to the degree of
DR into five subgroups based on the Diabetic Retinop-
athy Severity Scale eriteria®”: po DR, mikd nosprolifer-
ative DR (NPDR ), mederate NPDR, severe NPDR. and
peoliferative DR. Diasbetic macular edema was assessed
by chinicyl examination and SS-OCT tmuaging.

Chorpidal Thickness Measuremienty Using Swept-
Source Optical Coherence Tamagraphy

Each SS-OCT (Topcon 3D deep runge imaging
OCT Triton [plus); Topeon Corporation, Tokyo,
Japan) scan comprised o 12-mm hortzontal line scan
protocol censered between the optic dise and the fovea
with 1,024 A.scans for esch 96 Boscan, The images
were obtinesd by an expenenced techmicum after pupil
dilation with wopicamide 1% amd  phenylephrine
2.5% and performed ot the same tme of day in all
patrents (between 4:00 v and T:00 1), Sciun acquisi-
tion was realized with low ambient Light looking at the
internal fixation poimt to obtain the best alignment,
Subjects underwent three consecutive §S-OCT scans
in o single session. Between scans, patients sat back
away from the device und rested ot least for 2 minutes.
The oo-boand  segmentation  algorithm  (Topeon
Advunced Boundary Segmentation; TABS) was used
10 automatically segment the chorowdal layer from the
ouater edge of the hyper-reflective retimal pigment ega-
thehial lime 1o the inner edge of the sclera, After suto-
matic delineation of the choroid on the B-scan, 11
thicknes measurements were manuafly obtned using
a caliper: 5 measurements nasal (N1, N2, N3, N4, and
NS) and temporal (TH, T2, T3, T4, and T5) to the
fovea were obtained at 500-pm intervals along with
the subfoveal (SF) measurement (Figures | and 2).
Each location was measured by the same operator
within 2 weeks. The operutor was masked to the pa-
tients’ identity and clinical history, Automated seg-
mentation erors of choroidal layers were defined as
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instances 1 which the software determined choroidal
boundaries that clearly deviated from the true anatom-
ical boundaries. The automated segnentation enors
were manually corrected by the same expensenced

observer, Scans with a Jower quality (<7TN1{X)) were
discarded

Sratistical Analvsis

Statisticnl  analyses. were perdormed usmg 1BM
SPSS (version 230k IBM Corporution, Somers, NY)
statisticul software. All the vaniables followed a normal
distribution as verified by the Kolmogorov—Sminxoy
test. For description of the clinical characternistics of
the groups, the mean and standard devistion were
used. The intraclass corvelation coefficiens (KCCO),
coefficient ol variatson (COV), and test-retest virabil-
iy (TRTV) were calculated for each choroxlal
Huckness.

Fig. L Choeoddal  messure
cals auesed on the 3 dil¥er
ent captuned scans . SE lovel,
imd al S pm eervals up o
LE0 jum pasal sl empoesl
from the foves in » henkhy
mdivadund

Intraclass corelation coeflicient is o satistic th
condenses  the reproducibility of o parameter ot
a given group of subjects. A targe 10C suggests small
Nisctuations among repested measurements in the same
individual, The ICC valee can range from () 1w
a4 maximum ol |

Coeflicients of varution were calculised o the
standard  deviabon divaded by the average of the
measured  videes expressed as o percentage. Test-
retest vanability in choroidal thickness was calculuted
as two times the standard deviation of the (hree
repeated measurements for each chovoidal thickness
variable.

Differences between quantitative panumelers were
tested by Student’s rotest, and qualitative variables
were compared by the chi-square test. The mean ol
the three scuns was used loe comparson of the cho-
rondal measurements. For all analyses, P < 008 was
consedered stanstically significant.
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Results

Overall, 110 eyes of 76 Caucasian individuals were
included in this prospective stdy, All participants
completed the study, The healthy group comprised 50
eves of 33 patients, and the T2D group included 60
eves of 43 patents: 7 eyes without DR, 13 eyes with
muld NPDR, 32 eves with moderate NPDR, S eyes
with severe NPDR, and 3 eves with prodiferative DR,
Dishetic mocular edema was daagnosed m 30 eyes
(S0%). Mean patient age in the healthy and T2D
groups was 68,02 = 8.8 and 66,28 = 7.8 years, respec
tively (Table 1). Overnll, no statistically significamt
differeoces were detected between healthy controls
and the T2D group regarding age. intraocular pressure,
guality of scan, acouracy of automuatic Jayer segmen-
tatson, or laterality, The groups differed significantly
regarding sex, BCVA, and choroidal thickness in SF,
NI, T1, T2, T3, T4, and T5 measurements

Table 2 shows 1CC and 95% confidence interval
(C1), COV, and TRTV in the whole sample, All 1CCs
were higher than 098 (P < 0.001) with a 95% CI
close o | in oll positions, Coefficient of varation
was <<2% for all choroidal measurements, and the
muximum varability (TRTV) observed was 6.78 pm
in the N5 position,

(o the healthy group, FCCs were excellent (>0.95;
£ < 0.001) for all choroadal messurements (Table 3).
The SF choroadal thackness had the highest CC
(1; 95% C1 1-<1; P < 0.001) and the NS choroidal
thickness exhibiied the lowest [CC (L9655, 95% Cl
094404979, p 0001 All COVs were umder
4.5%, with the highest value {(4.38%) 1 the NS cho
roadal measurement and the fowest (0.200%) in the SF
choreidal measurement. Test-retest variability runged
from .76 pem to 11,12 pem, The Jowest value cormre-
sponded to the SF measurement and the highest to the
N5 {‘nsi‘.:ull
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Table 1. Climcal Characteristics n Healthy Sutyects and Type 2 Diabetic Patients

Healty Subjects T2D Patents P

Age (yaars| 68.02 + B8 6628 + 7.8 028
BCVA (Snaben) 088 =02 068 +03 <0.001*
10P (rmrnkig) 16806=+24 1685 + 3.6 L1 R I g
Plasma gucose (mgldl) 9464 2125 14307 + 458 <0.001"
Quallty scan B34 & 44 9313+ 52 o2
Chorondal thicknass SF 22997 + 799 19267 + 743 0.013"
Choroidal thicknass N1 (um) 22883+ 814 19143 £ 753 0.014°
Choroidal thicknass N2 (um) 21811 2 756 189.04 + 781 0.06*
Choroidal thicknass N3 (um) 19792 + 811 17904 £ 756 008"
Choroidat thicknass Nd (um) 17356 « 81.7 14974 + 700 o.10"
Choroidal thicknass NS (um) 150.00 + 754 12842 + 672 0.13°
Choroidal thickness T1 (um) 22508 = 730 18851 + 674 0.009"
Chorodal thicknass T2 (um) 22295 2 T2.4 18861 + 68.7 0.012
Chorodad thicknass T3 (um) 223532704 187.78 4+ 683 0.009"
Charoidal thickness T4 (um) 21819 + 685 180.37 + 83.0 0.003"
Choroadal thickness TS5 (um) 21323 = 683 17394 + 631 0.002*
Famale-male (%) 39-11 {78%~22%) 21-39 (35%-85%) <0.0011
Righteft {36) 26-24 {52%) 31-29 (51.7%) 097t
Accurale sagmentation 45-5 (90%) 50-10 (B0%:) 0311
n 50 80

Crhorvidal thickresses and qualty scan are expressed as the mean of the three scans. Iraccurate segmentation was censidered when
the three scans hao asomated sagmentation errors. Significant dfferences are highlighited in bold pert. Data are expressad in mean =

50, excapt sex, laterafity, ACCurmcy of leeer SegMantation, and number of Cases.

“Stugent’s ¢ et
tChi-square test.

BOVA, bast-comectad visusd aculty; 0P, INtraocuar pressurne; n, number of cases, N1, nasa 500 pm from faves: N2, nasa! 1,000 um
froen the Tovea; N3, nasal 1,500 um Tram the fovea; N4, nasai 2,000 um trom the fovea; NS, nasal 2.500 um from the Toves; T1, tampors
500 pm from the foves 72, terporal 1,000 um from the Sovea: T3, tarmporsd 1,500 um fram the fovens; T4, tempornl 2,000 wm fom the

fovaa; TS, temparal 2,500 um from the fovea

Intrasession repeatability of all choroidal thickness
measurements in the T2D group is shown i Tuble 4,
Intraclass comelution coefficients ranged from 0981
(N2) 10 1 {SF; P < 0.001). Coefficients of variation
ranged from O.17% (SF) o 1,79% (N2), and TRTV
ranged from 0.64 um (SF) o 6,29 pm (N2),

No significant difference (P = 0.05) was found in
the inratest repeatability of sny choroidal measure-
ment between healthy controls and T2D patients.

Discussion

In recent years, investigations have begun to focus
on the role played by the choroid in DR, This
increase i interest is reluted to the development of
improvements in OCT, because of technology such
as EDI, and more recently to SS-OCT. These advances
have brought faster scanning speeds and a reduction in
antefocts that allow for better visualization of this

Table 2. Intrasession Rapaatability of Choeoidal Thicknesses in the Whole Sample
ICC ICC. 95% Lower Bound  1CC, 95% Uppear Bound P COV+8D (%) TATV+SD(um)

SF 1 1 1 <0.001 018+ 03 068=12

Nt 0965 0993 0.996 <0001 G96 + 30 350 =112
N2 0984 0978 0.888 <0.001 1.79+ 51 640 = 196
N3 0885 0.90a 0.396 <0001 139+32 454 = 106
N4 0995 0993 0.596 <0.001 1456 + 3.7 4102105
NS 0962 0975 0.987 <0001 27576 6.78 2 183
n 0.993 0.999 0.999 <0.001 07612 26537

T2 0985 0.979 0.989 <0.001 121+36 539 = 17.1
T3 09594 0.9%2 0.296 <0.00 112+ 39 373 =103
T4 0987 0,963 0991 <0001 151248 52921456
T5 0985 0.980 0.996 <0.001 143458 465 < 16,1

N1, nasal 500 um from the foves; N2, nasal 1,000 wm from the fowea; N3, nasal 1,500 um som tha fovex N&, nasal 2,000 jm from the

-

ovea; NS, nagss 2,500 um from the foves; SO, standard deviation. T1, lemporal S00 wm froen the foves; T2, empory 1,000 um from the
ovea; T3, temporal 1,800 um from the fovex: T4, temporal 2,000 um from the fovea; T3, termporad 2.800 am trom the fovea.

Copynghit & by Ophthaimie Commumcutions Society, lne, Lpnuthonzed reproducten of this article i prohibired
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Table 3. Intrasession Aepeatabiity of Choroidal Thicknesses in Healthy Subjects

ICC ICC, 95% Lower Bound  10C, 95% Upper Bound P COV+SD(%) TRV +SD@um

SF 1 1 1 «<0.001 020 = 0.4 076+13

Nt 0983 0.909 1 «<0.001 072210 28929

N2 0988 0.977 0.991 <0.001 180 =48 653 2782
N3 0990 0.985 0.864 <0.001 201 248 6,85 11562
N4 0901 0.985 0.994 <0.001 216=53 625 2 15.2
N5 0965 0944 0979 «<0.001 438 = 11.0 11122264
T1 0998 0957 0.299 <0.001 0872186 340 =47

T2 0968 0.950 D.581 <0.001 188252 874+ 248
T3 0968 0.981 0.993 <0.001 147 =257 478 + 189
T4 0974 0.959 0.984 <0001 229267 807+ 211
T8 0970 0.852 D982 <0001 230 =B84 7812235

N1, risssal S00 g from the foved; N2, rasal 1,000 jom from the fovea; N3, rasal 1,500 um from the foves; R4, rass! 2000 um from the
fovaa; N5, nasal 2,500 um from the fovea; SO, standard devation: T1, temporal 00 um from the fovea; T2, semporad 1,000 um from the

Tovea; T3, tempardl 1 500 pm rom the fovesx T4, tamporal 2,000 am from the foved; 75, temporal 2.500 wm trom the fovea.

stracture and therefore a better understanding of this
viscular tissue,'’

Knowledge of the behavior of the choroad in healthy
subjects will elucidate the changes of the choroid in
diabetic patients, Previous studics reported that the
choroid undergoes significant changes throughout the
day, with age and with axiol Jength. in healthy
individuals. = * In diabetic patients. choroid thickness
seems 1o decresse,' "7 although other authors have
reported the opposite finding (thicker chocoid 1 dia-
betic patients). " Panphbotocoagulation asd antiangio-
genic treatment may decrease chorosdal thickness over
the Jong-term' %% and choroidal thickness may pre-
dict the response to antiangiogemc treatment, where
 greater thickness predicts o better anatomic and func-
tional result after the injection, ™

Overall, T2D patients presented wath o thinner
choroid than healthy subjects. In both groups. miess-
urements revealed a similar pattem: the chorosd was
thickest in the SF location. followed by temporal and

was thinner in the temporal and nasal measurements
far away from the SF arca, und thinnest in the nasal
choroid near the optic disc, Our results agree with
peevious reports by Regatieni et al. Querques et al, and
Esmacelpour et ul that diabetic patients have a thinper
choroid, 1416

Vanability of measurements for any test may be
critical for accurute diagnosis, follow-up, and assess-
ment of the response to weatment. Repeawbility of
cloroidal measurements can improve our undesstand-
ing of the detection, progression, and response 10
westment of DR, where the choroid may have an
important role. To interpret these changes in choroidal
thickness it is crucaal 0 understamt the test vasiability,
We fount that chorosdal measurements acquined with
SS5-OCT had Jow varability (high 1CCs and low
COVs) for healthy and digbetic eyes.

To the best of our knowkedge, this study is the first
1o report the intratest repeatubility of 11 choroidal
measuréements with SS-OCT in a large population of

nasal measurements close 1o the SF area, The choroid healthy  and  diabetic  patients, The results  of
Tabde 4. Intrasession Rapeatability of Choroidal Thicknessee in T2D Patients
ICC ICC, 95% Lower Bound  JCC, 95% Upper Bound P COV + 8D (%) TATV +SD (um)
SF 1 1 1 <0.001 017+ 03 084=12
Nt 0950 0.984 0.693 <0.001 117 2+ 30 402 =150
N2 0.981 0972 0.968 <0.001 179 +54 6.29 =209
N3 0999 0.909 1 <0.001 086 = 1.0 262=29
N4 0.9%9 0.999 1 <0.001 085 +1.0 23 224
NS 0.999 0.958 0.599 <0.001 139+15 317 £386
T 0958 0.999 A <0.001 059 + 0.7 203+23
T2 0.983 ¢.968 0808 <0001 066 + 08 260 =35
T3 0999 0.998 0.809 <0001 084 + 1.1 285 3.4
T4 099 0.998 0.999 <0.001 086 + 1.0 258 £33
s 09939 0.999 ! <0.001 071+ 00 201 £22

N1, nasd 500 pm Yom the favaa; N2, nasal 1,000 @m Yom the fovas N3, nasal 4,500 pm from favas, N4, nasal 2,000 um from the
fovea; N5, nasst 2.500 um trom the foved; SO, standard devation: T1, temporal S00 wm froen the foves; T2, Sempors 1,000 um trom the
fovea; T3, temporal 1,800 um from the favex: T4, temporal 2,000 um fram the fovea; T4, temporal 2,800 @m trom the fovea.

Copynght
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imtracbserver repeatability were excelienl, We ob-
tained 1CCs values chose w one in all chorotal
locations in the whole sample and in both healthy
and diabene groups.

In the healthy group, choroadal thickness ot N§
(2,500 pm from the fovea) exhibited the worst repeat-
ubility values, This may be due 10 the presence of the
optic nerve in the pasal zone, which could make mea-
suring more difficult, and also to the decrease in cho-
roidal thickness peripherally. In T2D  patients,
choroidal thickness at N2 (1,000 gom from the fovea)
showed the waorst repeatability values. Although no
significant differences were found in the intratest
repeatability between heahthy controds and T2D pa-
tients, diabetics tended to have better repeatability val-
pes than bealthy controls. This could be due 10 the
thinner choroutal thicknesses in diabetics,  which
would decrease the runge of change of the same
varinble,

Previous studies evaluated the reproducibility of
choridal thickness measurements using SD-OCT,
especiplly in healthy and young populations?'”
63T fow of these studies, however, were based on
SS-OCT technology. ™ Shao et al** sudied the intra-
observer seproducibility of 21 healthy eyes (mean age,
63.1 = 10,6 years) with EDI SD-OCT. They scanned
10 times with 1-minute breaks between each examing-
tion. They foand an 1CC of | (P < 0.001) and u mean
COV of 0.83 = 148%. Mansari et al* studied inta-
observer reproducibility with SS-OCT 1 54 eyes of 27
healthy subjects (mean age, 366 = 10,4 years) with 4
different scanning protocols, one of which was the
same as ours. & 12.mm horzontal hine centered on
the fovea in undilatedd patients. Each scan protocol
was repeated three times consecutively on the same
visit, similar to our study, and the ICC was 093
(95% CL: 0.91-0.95). Sim et al*7 studied reproducibil-
ity in a cohort of 51 eyes of 51 patiemts with T2D
(mean age: 60.1 = 13.6 years) using SD-OCT, a man-
ual segmentation made by 2 different graders, and
caleulation of mean choroidal thicknesses within Early
Treatmemt Daabetic Retmopathy  Stdy  (ETDRS)
aress. They tound an KCC of 0.97 (95% CI: 0.94-
0.99), Our results comfirmed the low vamability of
choroidal thickness measurements acquired with SD-
OCT and §5-0CT.

A strength of our study is that this wiss a prospective
study of 11 choroidal measurements with SS-OCT in
o Jarge sample, including bealthy and T2D patients,
Another strength was that we used automatic detection
und segmentation software o delineate  choroidal
structures, which theoretically allows for 4 more
nccurate and objective analysis. although emors of
segmentation had to be manually comected in 10% 10

Copynght

204 of images. A hnutation of this study was that we
did not perform vertical or nudial scans and, conse-
quently, oar results are based only on the horizontal
axis measurements. Another Hmitation ix that the 12D
group was characterized by different stages of DR,
which limits any conclusion on choroidal differences
between the two groups. In addition, clinicians should
toke into pccount that only good-quality scans were
included in the statistical analysis, which might have
influenced the upper and Tower limits, s real-world
practice includes patients with cataracts, poor fixation,
and larger refractive crrors. Funther studies using SS-
OCT are needed w elecidate the differences in
chioroadal thickness betweea diabetic and healthy eyes.

In conclusion, intrasession repeatability of choroidal
thickness measurements in bealthy and T2D patients
obtained with SS-OCT was excellent. Chinicians must
take into account the repeatability of every panumeler
10 ditferentiate pormal vansbality from significant
chinical changes,

Key words: choroad, chorosdal thickness, diabetc
retinopathy, repeatability, swept-source OCT.
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Abstract

Objective
Ta compare chorakdal thickness between patients with type 2 diabetes (T20) and healthy
controls measured using swepl-sousce oplical caharence tomography (SS-OCT).

Methods

The sample comprised 157 eyes of 84 T2D patients, 48 eyes of which had diabatic macular
edama {OME), and 71 normal ayes of 38 healthy patients, Subloveal {SF) choroldal thick:
ness, and choroidal theckness at 500-pum inmtervals up to 2500 pm nasal and temparal from
the fovea were measured usng the SS-OCT. Choroidal thicknesses were compared
Bedwaan groups Lsing Student's t-tast. Additionaly, Fearson coralations were cakculated
between dabetes duration, gycosytated hamoglobin {HbA 1 c) levels, and choroldal
thickness.

Results

Mean dabetas duration was 16.649.5 years, while mean ghycosylated hemogiobin was 7.7
+1.3%. Overall, ths chorold was significantly shinnar in T20 patiants. Incividuats with DME
had reduced chorodal thickness in all measuraments, except at 2000 and 2500-um nasal
positions, compared to healthy contrals. There was a maderate correlation between chorok
dal thickness and HbA1c laveis in DME paties (SF: 1 = 0.342, p = 0.017). Diabates dura-
tion did not comrelate signiticantly with choroidal thickness.

Conclusion

SS-0CT measuremants revealed that the chorokd was signficantly thinner n T2D patients,
moderste non-profferative diabetic retinopathty patients, and DME patients than in healthy
ndividuais. Further studes ane needed 10 clarily the effect of diabetes on this layer and the
ralationship betwean choroidal thicknass and DME.
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Introduction

Diabeses mellitas (DM) is chronic disease affecting 415 million people worldwide, and the
prevalence Is expected to rise 1o an estimated 642 million by the year 2050 | 1], The chorodal
layer supplies blood to the outer layers of the retina and may play a key role in the pathaphysi-
ologic mechanism of dlabetic retinopatlyy (DR). The most conseqoential changes of the cho.
roid mainly affect the choriocapillaris layer, but may also extend to larger vessels located in the
outer choraidal layers [ 23], The choroad seems to phy a role in different retinal patbologies
[4]. A bester understanding of the morphology and function of this viscular dructure coukl
facilitate thwe management of DR (5] Recent studses regarding neovascular age-related macubir
degeneration and diabetes separted that choeokdal thickness may predict the tesponse to anti-
anglogenkc agenss [5.0]. Consequently, the assessment of chorokdal changes may belp to better
make therapeutsc decisions and to improve treatment fallow-up.

Betore the introduction of swept-soarce optical coherence tamography [SS-OCT) in dini-
<l practice, chorvidal thickness was evaluated by enhanced-depth imaging spectral domain
(SDROCT [7-10], Nevertheless, SS-OCT allows for Gaster scanning speed and its Jonger wave-
Jergthy enalsies deeper penetration in the choruid 1o reveal more detaids and a charer sclero-
chorotdal interface [11-13], Consequently, the higher contrust of the images acquired with
S8.OCT may kead to a better layer segmentation and more accurate measurements.

The purpose of the present study was to praspectively analyze the charotdal thickness mea-
sured by SS-OCT in patients with type 2 diabetes {T2D) having different degrees of DR with
or without diabetic maculsr edema (DME) and comgare them to age-matched bealthy
controls,

Materials and methods
Patient eligibility

This study adbwred to the tenets of the Deckiration of Hebanki and was approved by the Clini-
cal Research Erhics Commirtee of Aragin (CEICA). Study-naive patients with T26) were
recrusted from the Retina Unit of Migad Servet University Hospital at Zaragaza (Spain) and
contraol patients were selected from among headthy volunteers. All white individuals from
Diecember 2015 to July 2016 who met the indusion criteria were consecutively pre-enrolled,
Five patients with T2D did not provide informed consent, and were excluded from further
analysas,

Participants were eligible it they were older than 18 years of age, with a refractive erroe
of less than 6 spherical diopters and/or 2 diopters cylinder, axial length (AL) <26 mam, and
euthyroid, Exclusion critersa inchaded opacity of the optical media that could Interfere with
the quality of the OCT (signal/nolse ratio <70/ L0}, previous treatment with Socal laser photo-
coagulatiorn, panretinal photocoagulation, intravitreal anti-vasculir endothelnal growth factor
or stervid injections, previous treatnsent with potentially toxic drugs 1o the reting andior optic
nerve, eye diseases that could affect retinal or charoidal anatomy. inflammatory diseases oc
sctivv or revent infection (oculsr and/or systemic), systemic treatiment with corticosteroids,
Immunasuppressive deags or biodogic therapies, pregrancy, and puerperium,

Participants underwent full ophthalmalogic examination: clinical history, Inchuding dura-
tion of diabetes in T25) patients; best- corrected visual acuity (BCVA, decmal scale), biomicro-
scopy of the anterior segment using a slit lamp, Goldmsann applination tonometry, and
opbtbalmoscopy of the posterior sepment, and AL megsured using optical biometry (101 Mas-
ter Zeiss: Jena, Germany). In all participants, ghycosylated hemoglobin (HbALc) was alwo
s,
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Diabetic retinopathy grading

Study-nave patlents with TZD were dugrased based on the criteria of the American Diabetes
Assoclation and all were negative for anti glutanuc acd decarboxylase antibody. This group
was divided into five subgroups depending on the degree of DR according to the Eardy Treat
ment Diabetic Retinopathy Stady (ETDRS) critersa [ 115 no DR, mild noo-proliferative DR
(NPDR), mederate NFDR, severe NPDR, and proliferative DR (FDR). DME was assrssed by
climical examination and SS-OCT imagieg.

Choroidal thickness measurements using SS-OCT

Each SS-OCT (30 doep range imaging [DRI) OCT Teltea [plus], Topeon Corporstion, Tokyo,
Japan) scan comprised a horizoatal line of 12 mm centered on the favea and was obtained

by an expenenced techmican. OCT scans were performed at the same time in all patients:
between 400 pm and 7:00) pen, The choroidal layer was automatically segnsented using the pro-
prictary algorithm from the outer edge of the hyper-reflective retinal pignsent epithetial line 1o
the inner edge of the sclera, DRI SS-OCT Teiton images were directly vissalieod by an inde-
pendent ohserver 1o detect automated segmentation erross of the choroidal layer. After auto-
matic delineation of the choroid, thickness measarements were obtained manually at 11
positions asing a caliper: five measurements nasal (N1, N2, N3, N4, and N5) and temporal
(TL T2, T3, T4, and T5) to the foven were taken at 500-pm intervals along with the subfoveal
(SF) messurement (Fig 1), Automatic segmentation errars were recorded and corrected manu-
ally. Scans with 4 lower quality (<700100) were discanded (51 Database ),

Statistical analysis

Statistical analtyses were performed using TBM SPSS (version 2345 1BM Corparation, Somers,
NY, USA) and MedCalke (versian 12 MedCale Software, Marlakerke, Belgium) statistical saft-
ware. A smmple size calcalation estimated that 43 eyes would be necessary for a type 1 error
rate of 0.05 and a power of 80% to detect o mean difference of 10%, assuming that mean cho-
roidal thickness was 26082609 i danalysis perfarmed with MedCale software version 12;
Marsskerke, Belgivm) [15], All the variabbes followed g narmal distribution as verified by the
Koloogorov-Smbroov test, Student’s t-1est or ANOVA (Scheffe test for post-hoc analysis) were
used to compare chocosdal thicknesses between groups. Differences between percentages were
assessed by the chi-sguare test. Additionally, Pearson correlations were calculated between dia-
betes duration, HbA 1¢ fevels, and choraidal thickness, For all analyses, p=20.05 was considered
statistically significant,

Results
Demographics and clinical characteristics

A total of 228 ey of 132 pationss were incloded in the study (50.9% wamen, 50.9% right cyes,
mean age §7.628.1 years, range 49-86 years), Mean HbATE was 5.6201.3% in the healthy group
and 7.7£1.3% In the T2D patients. Mean DM duration in T20) patients was 16,6495 years.
Mean OCT scun quality was 93.9/100£4.4, while an automatic and accurate segmentation was
achieved in 82.9% of cases. The bealthy group inchuded 71 eyes and the T2D) group comprised
157 eyes {48 eyes had DME). Based on the DR severity scale, the T2 group bad 49 eyes with-
out I 27 eyes with mild NPDR, 60 eyes with moderate NPDR, 14 eyes with severe NPDR,
and 7 with PDR. The characteristics of cach group are summarized i 1able |,

Onverall, the groups did not diffee significantly {p>~11.05) in age, spherical equivalent, axial
length oe intraccular pressure. The difference i BCVA (decimal) was statistically sigiificant
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between the healthy group and the moderate, severe, and PDR groups {ANOVA, p<0.001);
between the 12D without DR and the moderate, severe, and PDR groups (ANOVA, p = 000,
p = 0001, p = 0.0), respectivdy); and between the mild and severe NPDR groups (ANOVA,
P = 0019, Togycerides were lower in the bealthy group than in the T2 grougs, except the
PDR groug, while high-denssty lipoprotein (HDL) chobesterol and bow-chensity lipoprotein
(L) cholesteral was higher in the healthy group compared with the T20 grougs { ANOVA
tar HDL cholesterol: p< 001 for all comparisons, excepe beeween the healthy and POR groups
[p =003 ANOVA far LDL chalesterol: p<(L{(H11, except between the bealthy andd severe
NPDR and POR groups, p = 0004 and p = 0.007, respectively). Systolic pressure was lower in
the healthy and T2D without DR groups than in the moderate and sever NPDR groups
(p<0.004), while disstolic pressure was sinnitlar between the groups

The HBA ¢ levels and disease duration beaween the different T2D groups did not differ sig
nificantly. The scan quality was sgaificantly lower (p « 0006} in the PDR group compared
with the healthy group and between the T2D without DR and PDR groups {p = (L012). The
accuracy of the astomatic segmentation did not differ Sgnificantly between the bealthy
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controls and T20) patients o the healthy controls and the DME group (p = 047 and p = 036,

respectively),
Choroidal thickness measurements

In 10 of the 11 dhorvadal measurements (SF, T1, T2, T3, T4, T5, N1, N2, N3, and N4}, signifi-
cant differences {p<0.05) were desected between the healthy and T2D growps {Tabie 2).

Table 2 Chorobded thickness mesinoments in bealthy paoticipants and diabetic patients.
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Overall, T2D patients presented with a thinoer chorald than healthy pasticipants { mean
SF thickness was 228,14 788 pm In healthy controls and 18942689 gm in 120 patents;
p<Q00L), In both gromps, measurements revealed 2 stmifur patiern: the choroid was thickest
in the SF location, followed by temporal and nasal measurements close to the SF area (T1, T2,
N1, and N2J, The charoid was thinner in the semporsd and masal measurements far away froem
the SF area (T3, T4, 75, and N3) and the thinnest measaresents were in the nissal choroid
near the optic disc (N4 and N5).

Tabde 3 shows the mean chorotdal thickness (and standard deviatsan) of each of the 11 mea-
surements obtained in control growp and each group of T2D patients: No differences (p >0.05)
were detected between the healthy group and the no DR, mild NPDR, severe NPDR, or PDR
grougs, respectively. In 8 of 11 choroidal measurements (SF, N1, N2, TL T2, T3, T4, and T5),
significant differences (p<0.05) were detected between the moderate NDPR and healthy
grouges. Mean SFthickness wiss 228 12788 i in bealthy conrsols and 17374654 pm o mod-
enate NPDR patlents (p = 0.003),

Within the T2D group, we detected no differences (p=0.05) in the choroidal thidkness
between DME and nan-DME patients. When comparing healthy and DME patients (Lable 4),
however, significant diffesences {p<0.05) were detected in 9 of || measurensents (SF, N1, N2,
N3 T1, T2 T3, T4, and T5), Mean SF thickness was 228, 11788 pom in healthy controls and
183.5472.9 um in DME patients (p = 0.002),

In the total sample, HbA T¢ correated with SF (r = 00138 p = 0039} and N1 {r = -, 146;

p = 0029} chovoklal thackness. DM duration had mild corvelations with choroldal thickmness at
SE(r= 0173 p = 0030}, N3 (r = 0160 p =« 0046}, N4 (1« 0.168; p = 0036}, N5 [r = 0,164,
p =004} TH (r= 0165 p= 0M0), T2 {r = 0.166; p = 0.019).

In the DME group, mean HbA lc was 7.621.1% and DM duration was 14.9£86 years,
There was o moderate correlation between choroidal thickness in all messasrements and
HBALE beveds (SF £ = 0,342 p o 0.017), The strosgest correlation was observd for choroidal
thickness ut N5 (¢ = 0436, p<0.001). No significant correlation was deteaed between choral-
dal thickness and DM daration i DME patsents.
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Table 4. Choestilal thicknos mesmrestents in beakiby particpants and DME paticras
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Discussion

SS.OCT uses a looger-wavdength light source than spectral doenain OCT, which allows deeper
penetragion In the chorosd than enhanced-depeh imaging (ED1) spectral domain OCT and pro-
vides mnee accurate segmentation of the sclero charald interface | 12.16). To the best of puar
Jenowledge, this is the first study asing SS-OCT to measure choraidal thickness in the SF area
and a1 five ditferent nasal and temposal choroidal paints in study-naive T2 patients with dif-
ferent stages of DR presenting with or without DME comganed with healthy participants,

Our findings revealed significant thinning in the SF, temporal, and nasal charoidal regions
hetween healthy pasticipants and 121 putients, between healthy partscipants and moderate
NPDR patienss, and between healthy participants and DME patients. Rusz-Medrano et al
demonstrated that choroidal thickness decreases 10~ 15 pm with coch decade of age [151. In
our study, the ssmple included elderly participants with a mean age of 67,6 vears and the
groups were well balanced with respect 1o age. Moreowver, dinrnal vasiations in choroidal thick-
ness hive been described (maimum peak at moening and progressive decrease throughouat
the day), with & mean difference of 33.7 pm [ 5,16-155 To avosd flucruations duae to time of
day, all $5-OCT scans were performed between 4:00 pm and 7.00 pm. Sedectian criteria
included a spherical equivalent <6 D andlor cylinder <2 D, and an AL <26 mm because cho
roid thickness bs associated with AL [19-21],

SF, temporal and nasal choroidal thicknesses were reduced in T2I patients compared o
healthy controls, The differences were birger in the SF and teenporal regions than in the nasal
regions, Differences were observed in 10 of 11 chorosdal measurements (5 temporal messuee-
ments, SF, and 4 asal measurements), We desected no significant differensces at 2500 pm
nasal from the fovea (N3). This may be becase the nasal choroid Is thinnest near the optic
disc, whereas the thickness increases nearer to the fovea [22,25]. Furthermore, we observed
mild inverse correlations between HbALc and central choroidal thicknesses {SF and N1) in the
whale popalation. Though, in the DME group moderate correlations were found between cho-
roidal thickness in all messurements and HbALe evels, Thus, in DME patiensts, the increased
retinal thickness was related to the increased choroidal thickness. 16is likedy that in 12D
patients with DME, the Inflamsmation contributes to Increase hoth, the retinal and choroklal
thicknesses,
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Regatiert et al. studied chorokdal thickness at the same 11 poings using SD-OCT [23]. They
Included 11 NPDR, 18 DME, and 20 treated PDR patients, and found no significans difference
between healthy (24 eyes) and NPDR patients. Although the choraid thickness tended ta be
Jower in the NPDR group than in the healthy group in their study, the sample was too small to
detect a significant ditference. Their obtained values and the observed pattern in bealtby con-
trols are very similar 10 oar resalts; e, the choroid was thicker in the SF region and in tempo-
ral and nasal areas near the fovea, and thinner fusther away from the fovea, The choroid
hickness wis thinnest nasally near the opric dise.

Querques o2 al measared choroldal thickness using SD-OCT [24]. They observed that
mean SF choroidal thickness and choroidal thickness at 1.5 mm and 3 mm temparal, nasal,
superior, and Indesior to the fovea were significantly reduced in NPDR patients without DME
compared to the control group. In contrast to our findings, they also found significant diffes-
ences in the choroidal thickness between T2D patients and the control group near the optic
cisc, Notably, the mean thickness values in their healthy group were surprisingly greater (for
exaniple SF thickness, 309,858 5 jum ) than in our study (SF thickness, 22814788 jm) even
though both simples were of similar age. Differences in the OCT device used, the retraspective
natsire of their study, or dilfenences in the AL are Bkely responsible for these large differences

Regarding chocoxlal thickness strstified by ETDRS grading, significant differences were
detected in 8 of 11 chocoldal measurensents between the moderate NPDR and healthy groaps
{5 temporal measurements, SF, and 2 nasal measurements nearest to the fovea). The thicknes
pattern was similar in each sab-group and the values were thinoer than in the healthy group,
but no significant differences were detected amoeng no DR, mild, and severe NPDR. and PDR
groups, which may be due to the small number of eyes in these sub-groups camspared to that
in the moderate NFDR grosp, which incuded 60 eyes

Kim ef ol evabusted SF and choroidal thickness a1 1500 pm saperior, inferior, nasal, and
tempaoral to the fovea [ 22]. 1o contrast 10 previows reparts, they found that SF choroidal thick-
ness in DR was thicker than that in eyes with no DR, or with mild/moderate and severe
NPDR. Compared with healthy contrals, however, SF and temporel, nasal, superior, and infe-
rior choraidal thickness were slightly decreased in T2D eves with no DR or with carlier stage
NPDR {mikl/moderate), although the differences were not statistically sgnificant.

Esmacelpour ot al. evaluated choroidal thickmness in 63 T2D eyes [25]. Their charoical maps
showed that SF choroidal thickness was smaller in NDPR patients than in healthy controls
Consistent with our findings, they found a decrense in SF chorvidal thckness betwoen & no-
DR groug, T2D patients with a microanearyam, and T20 patients with exudates compared to
healthy controls, In our stusdy, significant differences were foand (n 9 of 11 measarements of
the chorowd (5 temparal, SF, and 3 nasal measurements) in DME patienss {48 eyes), showing a
thinner choraidal thickness than healthy controls. In accordance with our findings, Regatieri
et al. reparted the same significant differences at the same locatians in the choroid between
DME and bealthy patients [23]. Quergues et al. also reported a reduced choroadal thickness at
the §F and at 1.5-mm and 3-mm nasal, temporal, superior, and inferior in DME patients com-
pared to healthy controbs 241, Esmaeelpoar etal [ 25 and Adhi etal [26] also found that the
SF choroid was thinner in DME patienss compared with healthy eyes, Contrary 1o these
resalts, Kim et al. found that SF choroidal thickeess was related to increased severity of DR
{from no DR to praliferative DR) and with the presence of DME, particularly In thase eyes
with serows retinal detachment [22], Nevertheless, it remains unclear whether the greater cha-
roidal thickness could be related 1 local imflammation o o this discrepancy is due to differ
ences in study design and patient profiles.

In our study, we detected po significant ditferensces in HbA ¢ levels in the T2D groups, but
thete wirs 2 moderate correlation between chorvidal thickness and HbA ¢ levels in DME
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patients (SF r = 0.342, p « 0.017), In coatrast to our findings, Kim et al found a significant dif-
ference in the HbA I ¢ levels between DR groups | 22]. They also found a significant correlation
between HbAlc and S¥ choroidal thickmess (r=0.252, p<005),

The strengths of this study include the large sample size with study-naive T2D diderly
patients, grading eetinogathy, snd the use of SS-OCT with several messarements ot different
points in the choroid. The main limisations are the relatively small sample size for the severe
and proliferstive T2 groups and the lack of totally awtomatic segmentation software, Manisl
corrections wese made to avoid mis. segmentations, making the technique seml-automatic.

The relationship between DR and diabetic choraidopathy is not clearly defined in the litera:
ture [5]. The choroidal layer supplies axygen and nutrients to the outer retina. Any change or
damage with thinning to this tisswe may affect the overlying retma, causing hyposia and Jead -
ing to the appearance of DR besions or the progression of existing retinopathy, However,
whether the thinning of the charoid is prioe o the appesrance of DR keslons oc if the DR
lestons are assoclated with the reduction of the choroidal thickness semains unknown, There-
fore, expanding our knowledge of the pathophysiciogic mechanisms involved in DR, including
thase affecting the chorosd, may help clinsclans 10 better understand the course of the disease
and optimize the management of DR based on taifored interventions.

In comclusion, choroadal thickness was significantly reduced in T2D patients compured to
age-matched controbs Further studies are noeded 10 canfy the affect of diabsetes on the cho-
roid and the overlving retina.
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Mapping choroidal thickness in patients with type 2 diabetes
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ABSTRACT «

Participants: 95 T20 patents and 33 haalthy indhiduals aged abova 1B yaars and with an adal kengtn (AL) lowsr than 25 mm wer Inclaced.

Objective: To datenrine and comperes lopographic features of the charoidal thickness (CT) between patents with type 2 disbetes (T2D)
and age-matched heakhy controls based on swept source-optical coherence tomographty (SS-CGCT)L

Methods: A macular § « 6 mm cube, compriang 800 200 x 200 um cubes, waa scanned with SS-0CT The chorokd was suncmatcally

sagmented using the segmentation

hm. Three-dimensonal maps were creasted to represent the choroid. The scarmed wea was

dhvided Into different 2ones based on CT, and aguivaiant 2ones wera compared botwoan groups.
Results: Mean age (standerd devistion) in the control group was 65,83 (7.3) years, and that of the T20 group was 67.94 {7.9) years

o = 0.48). Both groups were simlar

thinnar in the T2D group; it

was 208.73 {53,404 in healthy indiiduals and 169 .98 153,22} in TZD patients (p = 0.01). Outsicde the fovesa, e mean CT was thicker In
the superior bemireting and decrsased nfenody, termporaly, and rasaly, with minemum thickness in the most distan! ports from the

fovoa.
Conclusions: Choroidal thicknass folows an ellipsaid patten in both nondiabetic and Sabetc syes, with dabatic: eyes showing thinner
measuremens difusely. Understanding these dfderences is important for future studes amed at understandng the i

cal underpinnings of dlabetic retropatty.

Dishetic resinopathy (DR) & oo¢ of the leading cavses of blind-
ness among the woeking populaton, OF an estrsaed 415 mil-
lion people wich didbers mdlitus worldwidee, appeoximately
35% develop DR.' By the year 20440, the peevalence is expecred
1o rise 10 an eximated 642 million.* Although disberic microan.
ghopathy mainly affeces the lodisey and maina, ocher microvascu-
Tarure, such 2 the chomidal vessels, may also be impained,”

The choroid bas several Functions: its vasculature is the
major supply for the outer retina, and impaired oxygen How
fram the charoid to the retina may be 2 key pathophysologic
mechanism of DR. Changes 1o the choroid mainly affect the
choriocapillaris, although larger vessels in Sacliers and Hal-
let's lavers may be involved 100" Thermorepulation, adjuse-
ment of the position of the reting, and secretion of growth
factors are ocher functions of the choroid.”

Before the introducnion of swept source-opical coberence
ramegraphy {SSAOCT), choeaidal thickness (CT) used w be
eviliated  with  enhanced-depth  imaging  (EDIT)  speciral
domain (SDIOCT." " SD-OCT, however, mostly includes
muanual measurements of the choroidal hiyer, but only ina few
locations. Because the choraidal laver is vne of the most highly
vascubirized tissues of the body, we believe thar speculating on
the relationship between changes in CT and DR based solely
on 4 few choroidal measarements may nor adequarely reveal
whole and real dimersions of this comples tissue.

The purpose of the proent study wis o meisure 3 wide arca
af the chorid wing SS-OCT techmology and evaluate the

@ 2019 Canadian Ophthalmological Sociery,
Published by Elsevier Inc. All rights reserved,
hops:!/ dotoeg/ 10, N6/ 0. 2019,06,009
ISSN 00084182

auromaric segmentation safewase analysis af a 6 x 6 mm cube-
rid cenered oo che macubs. This article was writien accondng w
the 9 fems of the advised protocal for oct study caminelogy
and elemenes recommendations,” which have been devedoped
outdine core informarion thar should be provided when seporting
quantitative optical cobesence tomography (OCT) suxdies. To
the best of our knowledpe, this s the st study almad ar devel-
oping a detailed map of macubyr CT busad on chjectne mesure-
menss, and o compare the choroidal wpography between
bealthy subjects and subjects with tvpe 2 dishetes (T2D).

MareriaLs ano MeTHoos

Sample Selection

The snxdy prowocol adbered o the renets of the Declaration
of Helsinki and was appeoved by the Testinutionsl Review
Board (Clinical Research Ethics Commitwe of Aragin;
CEICA). Fmmn December 2015 to July 2016, all individual
of white European ancestry who mes the inclusion critenia and
provided informed wrinen coasent were consecurively and
prospectively enralled. Tresment-naive pasients with T2
were prospectively recniited from the Resina Unic of Miguae
Server University Hospieal in Zaragora (Spain). The comtrol
groap was sdected from amang healthy volunteens.

Inclusion crizeria for both diabetic and healthy individuals
were euthyroidism, age above 18 yeass, refractive ermor bess
than & spherical diopres and 2 dioperes cylinder, and axial

<o
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length (AL} equal or Jower than 26 mm. Exclusion criteria
included opeical media opacities interfering with the quality
of the OCT (minimal signalinoise ratio of 40/100), previous
trcatment with retinal kser photocoagulation, intravitreal
amnvascular endothelial growth facror or steroid injections
and drugs pocensially toxic 1o the retina and/or opric nerve,
opbrhalmological diseases with posential resinal or charoidal
anatomic alrerations, inflammamory  diseases or active or
recent infection (ocular or systemic), svstemic treatment with
corticosteroils, immunosuppressive drugs or biologic thers-
pies, and pregnancy or puerperium. Healthy individuals’
medical records were examined 1o verify that all of them had
oo systemic illnesses.

T2 panients were diagnosed based on the criteria of the
American Diabetes Association, All of them had no antigluts-
mic acid decarbaxylase antibodies.

Study Protocot

Participanss underwent 2 comprehensive ophthalmologic
examinaton: clinical history, bestcorrected visual acuity
(besz-coerected visual acuisy in decimal scide), biomicroscopy
of the anterior segment using 4 slic np, Goldmann applana-
tion tonometry, ophthalmoscopy of the posterior segment,
and AL measured using optical biomerry (1001 Master 710;
Carl Zeiss Medirec, Jena, Germany).

A macular 6 x 6 mm 3dimensional (30) scan with eye
tracking was obtained using the Deep Range Imaging (DRI)
OCT Triwn {software version 1,14, Topcon Corp, Tokyo,
Japan) through dilated pupils, The subjects wene seated and
properly positioned. An experienced technician performed all
of the OCT scans ar the same time of day for all patiencs:
berween 4:00 1 and 7:00 i under scotapic lighting condi-
tions. The choroidal layer was auromarically segmentad from
the outer edge of the hyper-reflactve retinal pigment eplthe-
lial line 1o the inner edge of the sclera, using the internal seg-
mentation algorithm. A grid of 30 % 30 cubes centred on the
fovea was generated to aumomatially messure the CT. This
prid comprised 900 200 x 200 pm cobes, SS-OCT images
were revised by an Independent observer o detect automared
segmentation errors of the choroidal layer, Scans with 2 lower
quality {<40/100) and those with motion areelact, involun-
tary saccade. or overt misalignment of decentration were dis-
carded. Only one eye per subject was randoenly included.
Left eyes were converzed 1o a right eye formar: in other words,
nazal and emparal CT values were exchanged in left eves,
bur not supesior and Inferlor values o right-cye values, From
this moment on, all the analyses, considesations, and fgures
will refer to the right-eye foomat,

In the control group, the choroid was divided into differ-
ent zones according to the mean CT of cach cube, Zone |
included cubes with a CT less than 155 pm: zone 2, between
155 and 179 pny; zoae 3, between 180 and 204 jum; zone 4,
between 205 and 230 pm; and zone 5, =230 pm (Fig. 1),
The mean CT of equivalent zones was then compared

2 CANJOPHTHALMOL—-VOL. @, NO. |, m 2019

berween groups (Fig, 21 This division into 5 zones was lacer
applied ro the T2D group: thar is, no new zones were demar-
cated, bt the choroxdal division obraised from the healthy
group was applied 1o the T2D so that CT values in every
zone comprised exactly the same chorvidal cubses.

Mean thicknes of the 900 cubes was plocred into 4 30
image 1o represens CT in healthy subjecrs and individuals
with diabetes using Microsofe Excel 14.0 (Exced 2010, Micro-
saft Corp, Redmond, WA)

Statistical Analysis

Seatistical analyses were pesformed using IBM SPSS {ver-
sion 23.0; IBM Corp, Somers, NY) statisical sofeware. All
the virlables followed 2 normal distribution as veritied by the
Kolmogorov-Smimov et A 2-gailed Stadent's ¢ test was
used to compare the CT beween groups, Differences
berween percentages were assessed by the x° test. For all anal-
wues, p < 005 was considered staristically significane.

Resuurs

Demographics and Clinical Characteristics

For this susdy 152 patients were screened, but only 129
eyes af 129 subjects were Anally enrolled. Nine patients were
discarded because of the presence of diabetic macular edema,
4 had glaucoma, and 10 had an OCT scanning quality oo
poor 10 be correctly segmented, The conrol geoup inclisded
33 cyes (25 women) and the T2D group mncludad 96 cyes
{34 women), Based on the international clinical DR disease
severity scale, the 12D group comprisad 36 eyes withoar
DR, 26 ¢eves with mild nonproliferadive (NP) DR, 25 eyes
with moderate NPDR, 5 eyes with severe NPDR, and 4 wich
peoliferative DR, None of the T2D patients had diabetic
maxular edema, The dinical characteristics for cach group are
compared in Table 1. Age, intraocular presure, AL, and
spherical equivalens did nor differ significantdly berween
groups, Mean CT was 203.78 (53.40) in healthy individuals
and 169,98 (63.22} in T2D) parients (p = 0.01),

Choroldal Measurements

It the control group, 2one 1 comprised 8 cubes of the cho-
raidal grid; xone 2, 194 cubess zone 3, 279 cubes; zone 4,
233 cubes; and zone 3, 186 cubes (Vi 1), Mean CT was
compared between the control and T2D groups (Tuble 2).
CT was thinner in the T2 group for all zones, excepr zone
1, comparad with the contral group, Due to the low number
of patients with high degrees of DR, no analysis berween DR
degrees was conducted,

Regresshon analyses were performed  berween  diabeses
duration and the 5 choroidal rones, and berween mean
HbATe the bist year and the 5 choroidal zones, There were
no corredations bevween them. The p values for the farmer
analysis were 0.23, 0.16, 0,14, 0,18, and 0.44 for zones 1, 2,
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Zone 1 Mean choroidal thickness: <155 um
Zone 2 | | Maean choroidal thickness: 155-179um
Zone 3 Mean choroidal thickness: 180-204 pum
Zone 4 Mean choroidal thickness: 204-230 ym
Zone 5 I Mean choroidal thickness: >230 um
"X shows the fovea location,

Fig. 1—Maop of the choroldal zones in the control group, The mean thickness of the 800 cubes was divided into differemt zones
according to the mean choroldal thickness of the cube.

3, 4.and 5, respectively, and 0.85, 0.99, 0.79, 0.64, and 0.46 €T <155 um, omnge 155179 pm, yellow 180204 pm,
for zones 15, respecxively, for the larer regression analysls, — green 205230 pm, and blue =230 pm (Fig 2), Farther-
more, a topographic 3D modd was plotted for easser compuar-

ison of the control and T2D groaps {I5g 3). The T2D

Choroidal Maps choroidal map showed large regions {28.3% of the 900
A color-coded map of the healthy conrol and 720 groups  cubes) of decreased CT (<155 pm) compared with the con
was created according o the CT, Red represents an arca of  tol group (0.9%; p= 0,002}, CT between 155 and 179 pm
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Fig. 2~The map was first divided Into & colour areas: red represents an area of choroidal thickness <1588 pm, orange
155-180 pm, yellow 181-205 pm, green 206-230 pm, and blue 230 pm, Next, we compared the percentage of each arva
Photomontage

between groups. Left image:
the choroidal thickness map on the T2D group.

represented 21,6% and 37.4% of the 900 cubes in the con-
trol and T2D groups, respectively (p<0.14) CT ar the
180-20M pm interval represented 3100 and 318%
(p = 0.89), and thar ar the 205230 jem interval represented
25.9% and 2.4% {p < 0,001), respeczively. The T2D chori-
dal map showed no reglons thicker than 230 m compared
with the control group (20,7%:; p < 0.001),

The CT pattern was simibar in the control and T2D
groups. The thickest areas were located superocentril 1o the
fovea. exhibiting an ellipsoxl shape. Sumounding chis zrea,
progressive thinning was observed, with the same concentric
ellipsoid shape. The thinnest values were detected ar the most
peripheral inferor, temporal, and nasal edges (Fig, 3),

Table 1-Clinical characteristios of the studiad sample

Cortrul Grougp 120 Genpp [
Wy =0 Mean 50

Aguywew 8. I35 795 Q48
BLVA [Sretern| 0BT QOIS 06  O79R00N 022 002
0P oo Ky 1w 250 68 335 0N
AL ey 39 180 2389 095 o027
Sptencal cquvalens 100 060 2N 0% 182 Q8
Durntion of debeten feawn NA e W NA
MDA (%) NA T 137 MNA
N n 90

Wceot's el TI0, typm £ Sabaten 20 sawiad sevetor DIOVA et conmcied vusd
ety 102, risccads pemary. AL sual sags; D, doptos: N, remte of cmes NA. =2

Table 2—Comparizon of the mean choroidal thickness of Bw 5
zones between both groups

Huudthy Qrou 20 Groun [
Mann furm) =0 Nwaan (arrd so
Zone 1 A 53 48.70 14150 6542 054
Tone 2 e w 5168 13831 626 o
Joned Rl onL6 105806 @00 00y
Joned 21154 5829 17287 wa 00
Jove s aam (2R ) 19337 mm 0

Wncect's e TRO, e £ debese B0, starsterd owvideon
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of the choroidal thickness map of the control group. Right image: Photomontage of

Discussion

The purpase of this study was 1o determine and compare
topographic features of the CT between T2 patients and
age-matched contrals. We found 2 CT pattern that was the
same in both groups. Thicker areas were located superocen-
wal to the fovea, and 5 progressive thinning surounding this
area was observed with an ellipsoid shape. T2D pacients
cxhibited signibcantly more choroldal thinning compared
with the control group,

The percentage of men and women differed between
groups. Sex. however, should not have affected the validicy of
our resubs, 25 Huiz-Medrano et al’”’ eeported no differences
in CT relieed 1o sex, They also demonstrated thar CT
decreases 1015 pum with each decade of age. In our saady,
both groups were similar in age.

In previows studies, manual choresdal segmentation was
used to measure CT."' [his method scems less accurace
than autamatic layer segmentation and could be too compli
cated and tme-consuming tw apply in clinkal practice.
Miclalewski et al”’ evaluated CT in 122 bealthy eyes using
maanual and automatic mesurements with S5-OCT, Consis-
rent with our results, in healthy controls the choroid was
thicker in the subtoveal and superior areas, and thinner in the
nasal ares. They found skso thar the thickest outer superior
CT was thicker than she inner superior. This & easily under-
stanidable with the choroldal maps we have created (Fig. 1)
The CT values they obtained are similar to ours: higher than
220 pum in superior romes, and around 200 pwm in the
others.

Querques ¢t P retnospectively measwred the subfoveal
CTand ar 1.5 and 3 mm emporal, nasal, superior, and infe-
thoe from the fovea wsing EDI SD-OCT. They induded 21
eyes without DR, 21 NPDR patients without diabetic macu-
kir edema, and 21 patients with dishetic maculiar edema. In
agreement with our findings, they found significans choroidal
thinning in the diabetic patients. They also reporred a thicker
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Fig. 3—Topographic 30 map of the control (left side) and T2D {right side) groups generatad according to the choroidal thickness,

chomid superior 1o the fovea and progressive reduction ar the
inferor, wrmposal, and nasal locations,

Kim et al"' conducted 2 retrospecrive study including 235
eyes to assess subfoveal and CT 1500 pm superior. inferior,
nasal, and temporal to the fovea using EDI SD.OCT. Com-
pared with healthy controls, subfoveal, emporal, nasal, sape-
nor, and Inferior CT rendad to be thinner in T2D eyes
without DR or with mild or moderate NPDR. In the healthy
group, the thickest choroidal mesurements were found in
the subfoveal and superior areas, followed by inferior, tempo-
ral, and nassl locathons.

Esmacelpour et al'" mapped CT in 63 T2D eyes using
high-speed 3D OCT imaging at 1060 nm. They found st
the subfoveal CT way thinner in NPDR patients than in
healthy controls. In their choroidal maps based on manual
segmentation, the thickest values rended 10 bocare superocen-
wal w the foves, surounded by progressive choroidal thin-
ning in both healthy and T2D eyes.

All these discussed studies simed to describe the CT not
only on a linear plane, bur also over the whole macular surface.
However. as already highlighead, manual measurements were
only perfoemed on some OCT slides. The firse and only sty
providing CT maps is that of Esmucelpour et al, who decribe
a method o create these maps, with valuble carcomes. As
stated in the decription: "for mage processing and manual
measurement of pixel distances In choroid and rerina, Tmagel
software was used.™ " Tn our study, we did pot use any manual
measurements or segmentation, as thar was all automaric. Fus-
thermore, the 900 CT vakues we obrained for every analysed
eye and fater used for creating 2D and 3D maps had been
auromarically given by the software of the OCT,

No clear reladonship between DR and diabetic choroidop-
athy has been defined in the literature so far.,'” The choroid
supplies oxygen and nutrients to the outer retina. Any change
or damage leading to the thinning of this tssue may cause
hypexia and affect the overlying retina, Factors ather than
diabetes mellitus that play a rofe in the pathogencsss of DR,
such as smoking, high blood presure, and dyslipidaemia,

may have cantribused o the choroidal thinning chserved in
this study,

We found no correlation beeween these $ choroidal zones
and the duration of diabetes, nor with the mean level of
HbAlc dhe last year. This is similar to other previous studies,
in which ne carrelation has been found berween the duration
of diabetes and CT.' ™ Endo et al seate thae despite not
correhred. choroidal structure dnm' However, somwe
others have found them corrcated.” As for the relationship
berween CT and the degree of DR, different authors have
found them correlared,” ™" A possible explanation could be
that the duration of diabeces & correlated 1o DR severlty o a
certain exwent, and 5o it is possible w0 And CT and diabetes
duration correlared.

The strengths of this study include the prospective
destgn, study-nalve T2D patients, and SSAOCT autamaric
messurements performed in the afteroon in all patients,
Some diurnal variations in CT have been described, having
a maximum peak at morning and a progressive decrease
throughour the day, with 2 mean difference of
337 wm " To avold them, all $5-OCT scans were
performed in the afternoon between 4:00 rss and 700 v,
Previous studies suggested that CT is stable during this time
period, having 3 lower thickness than thar ar noon and
higher than that in the evening.”"™" As CT is associated
with AL we anly included for this study patients
with an AL <26 mm spherical and a spherical equivaient
<6 D and/or oylinder <2 D.

The DRI OCT Tritoa is an $5-0CT whase repeatabilicy
and reproducibility in disbetic patients with and without
macular edema have already been proved. ™" In case of dia-
betic macular edess, reproducibiliny seems o be lower, but
this was an exclusion criterion in our study, Morcover, thick-
ness maps seem easier to read and interpret than isolared
manual measurements, particularly for comparisans berween
healthy and T21) eyes,

The main limitagion of this stedy was that T2D patients
were not analysed depending an the grade of DR. fr coukd
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be interesting 10 investigate if the choroidal 1opography
is related 10 diabetes severity, We Included only partici-
pants with transparent ocular media and limited refracrive
errors. Accordingly, our maps should be validated in popu-
lations with different dinical characreristics.

CoNCLUSIONS

Chorold shows an ellipsoid pareon in both nondiabetic and
disbetic cyes, as displayed through choroidal maps, which may
represent a useful ol for 2 rapid choroidal asessment. Topo-
peaphically, the thickness of the choroid in dibetic patients
decreases diffusely, Undenstanding these differences is impor-
ane for furure soadics aimed ar undeestanding the pathophysi-
ological underpinnings of dishetic retinopathy.

SUPPLEMENTARY MATERIALS
muterial associared with this amicle cn be
tound in the onling version at doi 10146/ jcjoc 2019,06.009.
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rochinology: the choreed Lis Dean provisaly vignalized tor the
gt fewe yimes U0 Des Docnr prewed toplay s cocpostant sole

n A fferent eenoaal disordors suchias mvap s, aontrd serons
chariaret nepatyy, and ape-scfarad ewacalar degorcrarion,
Quarttanve assssment af e charaid has allowsd new
vesenren lindings o difersatiate normal o patholegical
prucesses wilain Ly chorvil 10 i knewn al choreedal
ivhness (O D) varies wila age [1-3], axial length (ALY [4-7,
dew e B=10] and swce 1110 A Saneaidal thonsiag has
bns fnndd b parhalogges such s vayopia 1127 and dishetes

malftas |12 15 ard aelevant thickening has been toundin
the pachydhimoid specirum, which includes the polypoidal
eomuitdal vasculopathy 1187

swept-soneee QUL ISS-030 17 s the last genceation of
QCT and o ovsis o Jsir soorae of 8 longer waveleapth
[ nm] which peactares desper in the rennal and dha-
raidal tisaes than conventional laser someces nsad i pro-
vinus spectrd) domain OCT devizes 17,

S5 QCT provides retinal and choroddal macuias thick
ness grographically cisplaved as o lalse color lopagraphic
v senl 2l is coawrically veported e ovempes oot the
e vegioas dednad By the Sarly Traneear Diabaric let-
wopathy Study (2T 0RS) [E] The = VDRS god indudes 3
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fonte ] dise of S0 o dianeter (faves] epan and a
inner ardd an pater meg, eadh are was divided inte four
quadrants, with 2 diameter af M0N0 ey 2nd G, e
spectively. This grid s wad tor guantitative evaluctions af
sither retinal or dhimoicz) thicknss.

Ihis siudy aimed o oaluale e disicocion of cho
roilal thicning in high myopi, diabetes melitus, wod sging
usirgg Uhe chssdc ELDES grd foom 35001 wond o zew
tillerent mapping.

2. Mcthods

20 Samply Ssieciwn. Over w2 yeur Jurgtion rom No
vemoer 2003 w November 20170, we perivomned o vross
secional 55 0 Ustudy o four didlecen: grouas of palzeals:
vuurg avdily subiects Igroup L), seor beulthy sulyects
Lrcnp 23, voung high-mvepic pacients igroup 31 sod pa-
tienrs with rpoe 2 dinberos mellites [T205 (poonp 47 A
parients andenyent a camplere aphthalmee evaluarion ar thae
Miguel Servet Universicy Haspitsl in Zaragozs, Spain, The
sty pratacal adhered o the tercts of the Declarzhar af
[elsirki and was aporoved by the Institutional Review
Geard (Chnwcal Ressarch Fthics Commitiee of Arzgdn
TCRICAT.

Lazusor criteria were a race diflerent lrom Caucasian,
any vewer paibology or previcas estisent, smblvopia,
endearize o newrelugivd diseses, caoer Listors, curle-
casteroivds, wud ioorosuppressive deugs,

Gronp L incadad young healthy valoeess beoween 15
aud 35 vaans obd aod woth an AL S 25 aun Creap 3 nchded
sensar haalthy walentess hatween bs and Ysveass ald aad
with an ALz 25 mm. Graup G incleded poung healthy pa-
tiznts beowaen 14 2ad Shvears ald bat with an a1 2 2 mm,
Gronp 4 incladed T2T) patrents detween 25 and Vo vers alé,
with meld ar mederate diakets retincpathy (DR, withoat
macalur vedena and withaul any previaus ephhelmalog
ical treatment. Hexdthy individuals’ medical records were
vanined i arder Lo verily Liatad of Wiens had no sysinic
ilnesses, JIIY palienis were dingnosed alier the criteiz ol
e Sonencan Deoeies Assocation, sod ol of G wee
tcpative for aoti-elutao scid decarbaxylase coribodie

220 Sty Protecy!. Pativals underwent o deep vphilal
meopical exeonimtivn which cicuded best - cecracted vised
soaity (BOCVAL relmaction, shiclanp  esnminglon, -
trwovalar pressuse DOF) with Guldiaon sppaosion lo-
rametre, optical bametre COLMSkee S T30 Peiss
tdeditar, feaa, Gereaanyl ondicest Suadnseony, and §5-0x T
Tritent Tvep Racge Tnage (Topean Corporatian, Takyn,
[apan;.

SS-UCT seans werzacquirad throngh dilased papi'sar
the same dav time anc hy an experienced techrician. A
macelar € xGmm three dimensional (213 cube centered
un the lover was analysed three cmes, but only the best
examination was selectad for the analysis. Scans with low
aslity (001000, metion wrlituls. or decentaiivn were
discarded. e choroidal segmeatation was autontstivally
perfarmed using the on-boazd dovive software, Do vas of
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seamertation crrors, marnzl carrectians of individual -
saans were perlormed o Ot the charaidal brundaries
Cirom the sater edge ol the hyper reflective retinal pig
menl epithelial Ene o the inner sdge ol Lae sciera).

In wvery OCT image, the ETDRS grid wos cenierad o
e Goves sz auesarenents of Ure oive cboouidad subficlds
were alizal el anapaied ewecn groogs,

Pecodes the Classic ELORS goed, o foves-contered g
compasee of 305030 cubies was goncested with s tomatic
awasuvownts of  CT o Thes  wsp compriaed 900
M Nem cuhes. Mean UT i svery cohe was exported
and analysesd, The feft eves were convertad into the righe
eve armas,

Asaraferance, young aealthy subjects' chocoid (group 1)
was divided intp different xoaes 2coarding tothe mean CTin
every mxcular cube (Figere 1L Zone | oincluded those
macular puints wilh o O Detween 205 and 238 um. cone 2
between 24U cand 264 pim, zome 3 belwesn 255 and 290 pm,
zone 4 between 290 wad 30 e, s 2one 5 between 215 aud
HMOpae e 5 zoaes were sen divided te sl and
et ol abraiing & rard of 1 messnamects The mean
CTof conpslent zanas wis calonlated aad compared be-
W s

The twoedi measianal VAT mapa of Fie foor stady ponps
were created with Micrasolt Wesd [Microsolt Carparaticn),
ardd Micresolt Txesd (Microsart Corporation] was wsed tor
the three dimeasior [310) maps

24 Starrical Anaiuas, Sratisbical analvses wers pecfornnad
asing TRY SPSS {version 240; TR Camaration, Samers,
N, USA) stausucal saftware. Al warizdles falfoesd a
nermal dissmhution as verified by the Kalmegarov-Sireay
sl A bwo Ladded Student’s |olest was wsed Lo compare CT
between grouss using buth the classic KTDRS grd 19 re

wons) and the pew churoices distribation (20 regivas). Io
case ul comnpursens oeolving group 3,0 Mam Wihikey U
st was performed due W ke insullicient numbes of Gises,
For all sealyses 0005 was coasudensd s statistiolly
s gnficant

24, Demographizs. We enzolled 102 sves of 30 heulihy
youwny subivels (group L 60 eyes of 30 hesliby aged
sabiects {group 23, 24 eyes of LI high-tyopic patients
(proup 2L and 110 eves of 35 sged patients with digbwtes
onellitus tepe 2 (provg 43 woth el o modecs e diabetic
cemianpathy and swithout macelar acdena. Mean ape
outeemds i T fonestady pronps ace displayed in Table 1,
There were an differences hetween mean ages of groups |
(ponng baa'thy) ard 5 {yaung myapicy (p =% and
between groups 1 jaged kealthy! and 4 {aged dizhetic)
(=0 There were no dillerences belweer the Dest
corrected visual acuity beiween grouns | and 3 (p = 097),
bui Lhere were Delween groups 2 and 4 (g <0001, There
were o dilfecences reganding intracculss pressure e
tween proups Dol 2 (g = 083, betweon 2 wnl £
(e = 0004), ol between Looad I 00 =008 Twre wee
ditfervnces i Al bebwacn gronps Taond 3 {pa U br
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Group 1 ivoung Bealtnd Groan 2 (sentor eclthy) Group M ovoung bk syvopich Gronp 4 lsemor T2 DA

ARe (vears) 25314395 oAl =S5t S009 L MY Oh b L oM
[V A Wil soaled REFECT By UAS LS R UFSITN] AV LOLs
1OF (mmllg 10052 258 sz (L) S 10764 280
AL fam) 2105 x0.73 BT =1 ek L¥ o] 321N
Nuzaber of eves ipatients: ORI iy 1 M0 240z (RO

ROVA =ledessenoaal vt oty 7O =inmncdar pocung AL = oial Logih

Hwee were s between groups Laod 2 (p =333 ol
berween granps 2 and 4 (p =017

3. Results

A0 Chomidal Measureraats, Average OT values are dis-
rraved 'r Tadle 2 Whe eva'uatirg chomid with the ETDRS
grid, tae thickest choredd was lound in the inner temporal

U763 L7230, uner supetor 1240332 62,92 ),
outer superiog (249778 6Ll sod  Duner sopeeon
Q1A% S 7630wt sectors on greops 1, 203, and 4, -
soscrively. When evaleasiag chorod with the new choraidal
divisian, the thickest charced was tound 0 7one 5 aasal
CHuss+als0uml, xone & tempocal (2500 + GlL2E um),
zune 5 temporal (220,302 55.9¢ um), and sone 5 temporal
(159.7¢ L €624 um) in groups |, 2, 3, and A, respectively.
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Tabs 4 shaws the CTonmparsan berween groaps nsing
ETTRS ard the new divisian. UT was Zways sipnificanthe
thicker (e < 001 in groap | vaang hezlthy) than in grovaps
2ard L Graup 2 laged healthy) always showed o have o
thicker charoid [p<0.02) than group 4 (aged diabeliz). p
values are shown in Toble 3 oo,

Lur o belter undesstonding. igure 2 shuws o viswa
represenfativon ol e ticiming weig the EVDRS goid 1o tis
Tigure, Ve danker. the jovee e cioroid gels Uil

L2 Chaeoidal Maps [sisg Yee New (Roradal Diasion.
Figure 5 shows a oodared 200 represeatation of OT in e foar
study proeps. Wads fines were doawn fallowsng the results in
prowy | ey helthy] o alke an ezcer comparisan Sgare 3
hyaws a 30 representation of CT o the toar shudy gooaps. <
doss ol repressnl Lhe real dhoreidal shape, oo 3t s sl a
manlberaical representalivn o ils Urickaes oo il sustoce,
Newerthewss, e combintiver of Unese 20 a0 30 isape allows
Letier sl wosoer mxbrstonnliong sl vl conuparisa
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licuee 2: Mear choretéal thinmag

Tae thickest charowdal repon was always supaaceatral
to the foven, Showong 2 kind of ellipsnid shape. Tn young
healthy individuals (proup 1), it resembled a mawnain range
with its pezks arxd the valleys at hoth sides. In case af the
ather proups, the charpid temded 1o be (laiter and the pattern
was not always preserved. The agad hwliby group fnumber
21 showed o higher zeductiva ¢t O in the inlevior side,
resudling io o checoida paitern wluch sesemnblnd o single
moantia peahs Sometiing diferent bappoowed with twe
vuuyg ureopie patiens groap 3 wliee C 1 peltene siaval
st dar b v vang desthy patients Geoonp 11 bar wirhy «
remyarkable charidal fineieg oo nesil and sem pors) sides.

Ir resernbiod an reveired garge. Foally, agee ciakers pa-
tenty (proupy 40 showed ta have the Fastest Shovaid and 11
pattzrn was chase to aged heaithy patients’ ane (growp 2), hut
instead of mpantain paaly, 1t was moce similar ta gathered
ailk.

4, Discussion

A i wroi s beea vssociated wit voaber and sastenns,
diseadhoos sl sowtes v by el i U didferentisl
disgmetic of sone pathalogies, suck ac honween ape-lated
nacalar dapeneratio aad poiyoacs” Sweordal sascaleperhy
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[L6]. Crne ) e S5O nsed s or g o dewn comnpreiiensive
choruidal atudy bas beca ‘liitou DIL 1 repestabality anc
pelihiliny e Dveen pronsad s Jusalehoy petients [LE 19] oud io
chotd-thickeess thonmng, pathalogies 28] 0 pives sinilar
mcastrcments ra the Zass Clres HDAWCT 297 (tad Zoise)
eibanghy resus shomle act be interchanpeabic 181 Tt has
heen sxated chat automatic mmsuraments redace variahilioy
22 althpagh there is sell Bl passibiity af sean artifacts 25,

Themost commonly wsed pattern is the ZTDRS grid, as it
is in reting, oo, Nevertaeless, the compasition and Fanctions
¢ chorecd has nothing L do with e ones of reiog and s
Liickaess dJies nol Jolkew the sane patlern 56, 12 Al
Lwough retinsl livhiess s ool Uwe snze canong ELDRS
awctvzs, i dows ot ditler foo oo 241w st 3s why Uwe
E LIRS i i s acaquare usctul pattora, wheres it ongat
pat T for chosoid. Homeven, oo choroadal civison Das oo
prapsused <o fr

Uhorand has usnally haer aralysed wirh the ETORS snd
ar with hevigontal Sres At a fArst planze, the owveral]
thickness map does nat differ toa much Fom the anes ol
rexdy puedlished and mean C1 vaiues are similar, tor. Same
authors have desaribed higher vaiues of UT Sr superice parls
IS, 6, 23] ard the lowes in the ouler macwa ares
|5, €, 25, 27|, as well ax we bave. ‘Lz Jac: of having anaysad
tugelhier zight s el eyes shoukd pot Juve bissed sar study,
s wdrwndy stewed by Claen vr sl [28],

Shiizn <1« L tzivdd to make o cloreilad g using eadie)
LR seans of the chocard aod seirl the BT prid, har
they nsad a SD-OCT [26], and 50 the exact thickacss

visues guay viller. Lo our study, we Couzd it the dichest
choroic was always located io the saperocents d aza and
e thounest s weonporal s sl 2ones, Wil dhosoid: -
thonngy parhalagies, the resultng, C1 map tends to s
vather flat. Hlawever, the chorpidal pattern differs
depending on the pathology. Young healthy indivicuals
show a mauntain rangs pattern; agsd healthy subjecs, a2
mounlain peai pailern; young digh myvopic, an inverisd
garge patterr, and aged dizhetic patieris a gathered kills
Pattern, as cisplaved in Figures 3 and 4, 'This is why a 3D
representation of C1 has an imporiance, as il gives more
wlormztion tan ZTORS values slone

M Uric ks range ol 25 pin for every cubor range oo o
s b avaeptalde s it o Digher G e possille intesal
vacation af the OUT bar par s hiph that 0 remained
ara’tered with affect ng pathologies Rabman o1 al. staced
thaz a manualne mezsuved change greater than Zhem inche
sabdiweal field may vepresent chamida! changs when asing
S OCT with enhanced depik imaging (CDI) and manual
measuring |22).

Althoagh a2l the chorpic and s sactors g2t sspnifizancly
thinner with age, not all the seclarns become squally af
lected. Balig el ol studied CT variation with age wsing
manual mensurements, and they toand (hat the ceatral
choruidal thickness tczeased with age. e mest thinned
socter was the oasal onter o, acd the secend eest
hinnad waa the tafenar aoaes, what diffos =0 come exrent
soaur resn'ts [ 110 The outer inferior ETTIRS anid sectar is
the mcat thineed, 2nd the euter nasz’ one is the less
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thinned. As ke latler bos ddresddy been deseribed s e
Hinest chierasdal cone even i healiby subjects, it is wsy
ta cederstand ar i s eere diffivalr re ackisve 20 cven
higher thinang,

Uk the conrrary, Fighomyvapec pauents’ chanid does rat
svperienae e same kind afshirning as with age. Their mast
thinnad DTDRS sectors are the inferar ard the rasl. Zhang
=1 2 alresdy tound that the temporal charoic becimes (s
Lainned than nasal, bul they did nol examing the sapenior or
inleror chorezd 112

Uinaly, aged putiencs wiils mild and moderate DR saller
Tromn a chieroich Uunning whicl: is sedter o the outer nese
ELDIRS sewor, Lheir vuter iaferor ETDES socton 5 alfoctedd
fronn Lile thunoiag e well bt e sloukd cooseder thar thes
seero was aleesdy hionod beranse af age and theo an oven
hogher <hesaids] thovwag workd S ather difficelt o
achicve

Thus, it is anncesale Prat, under these pathalagies, there
is a considerable flastening, and i thase zones where CT was
higher, chorixcdal thinning is also greater.

e streongths of this stucy cnclde stody-auive patients
anad S5O0 antonra Lo nessaemente peiformed at the
s iy e Furtheooore, fackoess maps seens ssier to
evaluars tae chorand than manual necasorements or = TDRS
numerizal vahizes

The mair Imitztiors of this study are a low rumber of
young high mvopic patienss ard the szl quantizy of
choreidal thirning pathokigies evaluaed. 1t woald ke of
intersst ow e whole macular chicaid changes in olher
slaalxns.

In conchusion, choroxdal Utinninyg, patkologies alec
claroddsl regivns i ditferenh way, Hios fac, gaies reevance
espenially tan s boouinad s nenseats becavse oo o rogous
ae Lreredioggeabde aud O should by oawessaned o the
prages lace depending, oa the pestcalae pataokopy,
Theefore, loeal COT exominanons are wadoquare fn
charodal svaluatien as supenor and nferior macnlas re-
wons remain arznalyesd. Secand. choraidal thinming ol
laws the fullawing rale: the thizze the more is 1 healthy
subrects, the thinrer 9t becomes when affected by any
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patkalogy. Third, 300 vepresentations of UT provids us with
vitsaal infoemation which helos us o make an exsier and
laster general vauation. In general lines, the chorosd in
yuang healthy indivicuals colows o moosiain rmegs paiten:
ion aped bwllh}' subjects, S foduews o aountain peah paitesn;
io youzie higheureopie patients, i fulloes an jovesled gorge
pattera aud i aged disbelic palients, 2 lollows & gathered
Lills paitenie Al these pathokogies tand o owke @ dat
wifon <henid

Data Availability

All data of this srudy has heey collectad and sovad at the
Migee! Servet Uriversicy Hospital ‘n Zamagom, Spain
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10) CORTRIBUTIORNS OF THE

PDOCTORAL OTUDERT

This study, which comprises four related scientific articles, is aimed at
understanding the choroidal changes that occur in T2D patients. First, an excellent
repeatability of CT measurements using SS-OCT was demonstrated, what is essential
before any rigorous deep study. Measuring choroid with an instrument giving
different outcomes as a result of chance would be of no use at all. Second, it has been
found that patients with DME (central RT > 300 pym), and patients with DR have a
thinner choroid than age-matched controls. As already discussed in the introduction,
studies regarding CT in DME patients have reported different results. Further

research would be of interest in order to find out the reason.

3D representations may be the most important contribution of this doctoral
thesis. It has been the first time that analyses of the whole macular area have been
used to generate visual representations of CT. These maps provide a quick simple
assessment in a wide macular area at a glance. Not only has it shown us how the
choroidal topography in young healthy individuals is, but it also has demonstrated us
that it becomes affected in different ways depending on the pathology, and
consequently different patterns may be distinguished. These topographic patterns do
not seem to be related to retinal thickness, but further research is needed to confirm

these results, as well as to clarify the reasons, pathophysiology and consequences.

The doctoral student has contributed to this work performing the study
protocol, making statistical analyses and writing the published articles, as well as

creating the 2D and 3D representations.
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11) CORCLUSIORS

a) Conclusions (ER)

1. The intrasession repeatability of CT measurements in healthy and T2D
patients obtained with SS-OCT is excellent.

2. The choroid is thinner in T2D patients, moderate NPDR patients, and DME
patients than in aged-matched healthy individuals.

3. CT follows an ellipsoid pattern in both nondiabetic and diabetic eyes, with
diabetic eyes showing thinner measurements diffusely.

4. CT is not related to the duration of diabetes. HbA1lc levels show only mild
correlations with some central measurements of CT.

5. The choroidal pattern in young healthy individuals resembles a mountain

range; with age, a mountain peak; and in aged T2D patients, gathered hills.
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b)

Conclusiones (ES)

La repetitibilidad intrasesiéon de las mediciones de espesor coroideo en
pacientes sanos y con DM 2 obtenidas con SS-OCT son excelentes.

La coroides esta adelgazada en pacientes con DM 2, pacientes con retinopatia
diabética no-proliferativa moderada, y pacientes con edema macular diabético,
en comparacion con sujetos sanos de la misma edad.

El grosor coroideo sigue un patron elipsoide tanto en ojos no-diabéticos como
diabéticos. Estos ultimos muestran un adelgazamiento difuso.

El grosor coroideo no se correlaciona con la duracion de la diabetes. Los
niveles de HbA1c solo muestran correlaciones leves con algunas mediciones
centrales de espesor coroideo.

El patrén coroideo en jévenes sanos se parece a una cadena montanosa; con la
edad, a un pico montanoso; y en pacientes afnosos con DM 2, colinas

agrupadas.
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c) Conclusions (FR)

1. La répétabilité intrasession des mesures de I'épaisseur choroidienne chez des
sujets sains et des patients avec DM type 2 obtenues avec SS-OCT est
excellente.

2. La choroide est plus maigrie chez des patients avec DM 2, chez des patients
avec de la rétinopathie diabétique non proliférante modérée, et chez des
patients avec de I'cedéme maculaire diabétique que chez des témoins sains du
méme age.

3. L’épaisseur choroidienne suit un patron ellipsoidal aux yeux non-diabétiques et
diabétiques. Ces-ci montrent des mesures plus maigres diffusément.

4. L'épaisseur choroidienne n’est pas corrélée avec la duration du diabéte. Les
niveaux de HbA1c montrent seulement des corrélations faibles avec quelques
mesures centrales d’épaisseur choroidienne.

5. Le patron choroidien chez des sujets jeunes sains ressemble une chaine
montagneuse ; avec I'age, un sommet ; et chez des patients agés avec DM 2,

collines regroupées.
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d)

Fazit (DE)

. Die intrasitzunge Wiederholbarkeit der Vermessungen der Aderhautdicke in

Gesdunden und in Patienten mit DM Type 2, die durch SS-OCT aufgenommen

werden, sind ausgezeichnet.

. Die Aderhaut wird diinner in Patienten mit DM 2, in Patienten mit mafiger

nichtproliferativer diabetischer Retinopathie, und in Patienten mit

diabetischem Makulaédem als in gesunden altergleichen gesunden Personen.

. Die Aderhautdicke befolgt ein ellipsoides Muster in beiden nicht diabetischen

und in diabetischen Augen. Die Letztere zeigen diinnere Vermessungen

Uberall.

. Die Aderhautdicke correliert sich nicht mit der Diabetesdauer. Die HbA1lc

Spiegel zeigen nur eine schwache Korrelation mit ein paar zentralen

Vermessungen der Aderhaut.

. Die Aderhautdicke bei jungen Personen sieht wie eine Bergkette aus; mit Alter,

wie einen Berggipfel aus; und beim alteren Patienten mit DM 2, wie einen

umgekehrter Engpass aus.
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¢) Concllusions (AR)

1. La repetitibilidat intrasesién de las mediziéns de gordaria coroidea a sanos i
paziéns con DM 2 obtenidas con SS-OCT e eszelén.

2. La coroides esta enfllacada a paziéns con DM, paziéns con retinopatia
diabetica no proliferatiba amoderada i a paziéns con edema macula diabetico
que a controls sanos achustaus per edat.

3. La gordaria coroidea sigue un patron elipsoide tanto a uellos no diabeticos i
diabeticos. Istos zagueros muestran medizions enflacadas difusamén.

4. La gordaria coroidea no esta correlazionada con la durazién de la diabetes. Los
nibels de HbAlc solo muestran correlaziéns débils con bellas medizidns
zentrals de gordaria coroidea.

5. El patréon coroideo a indibiduos chobes sanos pareix una cadena montanosa;
con la edat, una tuca montanosa; y a paziéns mayos con DM 2, pueyos

agrupaus.
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d) Information sheet for the patient

salud Migue! Servet 0

Hospital Universitario Miguel Servet _— "
Unidad oftaimoidgica de diabetes g
0

HOJA DE INFORMACION AL PARTICIPANTE SIN :_
DIABETES ®
Thulo de! estudio: Relacion de los parametros antropométricos, citocinas g
plasmaticas y morfologia retinlana con el grado de retinopatia diabética, o
Responsable del estudio: Dr. Anlorio Femeras Tino: 976 76 55 58 g
Puede llevarse este documento )
0

o

La diabetes es una enfermedad en la que se preduce un aumento de 'os niveles de azicar en sangre, SI
no se conold adecusdamenia, pusde afectar a Is vista dafando la redng (relinopatia diabética), b que
puede ocasionar una dlsmirucicn de la visdn y en Casos graves, caguers.

Se han demostrado varadones en la concentaddn phasmdfica ce delerminacas susiarcias entre
indviduos sancs y disbalicos, com y sn refncpatis dishdtica, cuyo concomienio podria contribur a
optimizar o maneyo do & diatetes. Por esie motivo, y con ol objetvo de mejorar a caldad asistoncial, los
Servicos ce Oftaimologia y Endocrinologla del hospital universiano Miguel Servet de Zamgoza essn
desarroiando esle estudc de westipeciin en el que 59 comparardn 105 rivelss de delrmnados
marcadores, meckoones oftaimoligicas y anvopométncss, enTe sujios 5an0s y pacentes disbdticos.

Usted no fene dabetes y su participacion aportani datos de normalidad pam ser comparadcs ton los de
pacentes con diabeles. Bisicamenie, su parficpacion en & esiudio corsstrd en realizar unas pruebses:

1. Unanalss o sangre y onna.
2. Uma exploracion fisica generst: toma de presién artanal, medda de pliegues, y bioimpedandia,
3. Una evahusciin ohsimolbgica completa, con evaluacide de ia agudeza visual medda ce @
presitn inkaocular, fonda de ofo, refnografias, y omografia dptica de ocherenca. Todas estas
pruedes son inocuss,
En caso de que alguna prusba salera alierda. 36 le Bvisira parm Mmalzar wna evaluacion mas
oxhaustva. Si aparociera cualguier ofro hatazgo casua, serd citado en la wdad comespandenie del
hospital para hacer & seguimiento cportuno,

La particpacién en este estudio no implca ura dismnucion en su segundad, sino 13 acepiacitn de 8
realzacién de las pruebas propuesias, La recogica de dalas se hard de modo atsoutamente confidencial
y & anonmalo de los dalos estard garanlizada.

Su particpactn en est estudio es WEkments voluntana y puede abandonaro en of mamente en que asl
lo decida, sin que es%0 anga epercasitn alguna en sy alercion sanitana fturg,

Versidn 1; 10/06/2015
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La disbeles es una enfermadad en la que se preduce un aumento de los niveles de azicar e sangm. SI
no se convula acecuadamenie, puede afectar a |3 vista dafando (s retna (retnopatla disbética), o cue
puede ocasonar una dismrucon de la Vision y en cascs graves, ceguena. Exswen dsbntos 5pos ce
tratamientos de |2 retincpatia disbélica segin su gravedad. Mser, inyecciones inraoculares e Mrmacos
o drugla. A esto siempre 52 debe sumar un bueo control ce 13 debetes, de 18 wnsion aterial y de ks
lidos sanguineas.

ety b stan
salud Miguel Servet ®
Hospital Universitario Miguel Servet —— g o
Unidad oftaimoldgica de diabetes P
(¢
HOJA DE INFORMACION AL PACIENTE :
Tihulo del estudio: Relaclén de los parametros antropométricos, citocinas o
plasméticas y morfologia retiniana con el grado de retinopatia diabética, g
Responsable del estudio: Or. Antoro Ferreras Téno: 976 76 55 58 8
Puede Novarse este documento g
o
o
)

Se han demdcelrado varaciones én la concentadén plsmdtica ce delerminscas susltancias ente
Indwduos sancs y disbaticos, con y 8N retnopatia diabética, cuyo conocmiento podria contribur 8
oplimizar ¢f maneso de & diabetes. Por esle motive, y con el objeivo de mejorar |a calidad asistandial los
Servicios e Ofisimologia y Endocnnologia del hospital unhverstsno Miguel Servet de Zaragoza esin
desarolando este estudo do evestigaciin on ol que s¢ compararan los riveles do delerminados
marcaderes, mediciones oftaimoligicas y antroparmétricas, enre supelos sands y pacenies disbéticos.

Se o realzard e anallica de sangre y onna y una exploracion Asica general y oftalmologica, medisnta
ol uso de aparstos especificos completaments nocuss. Si en of fondo de o aparodemn ksones de
rednopatia disbélica relevanes o ecema macular ciabidco tambeén se le realizand uns angiografa
fluorescednica. Antes de reaizar |a angografia se le explcara con delale en qué coneists y tandrd que
firmar un consentimienio especifico,

En caso de que alguna prusba salera shecads e le avisard para reailar una evaluacion més
exhaustva. Si apareciers cualquiler oo halazgo casusl, serd citado en la undad comespondents del
hospial para hacar ef seguimient oportuno

La particpacién en este estudo no mplica una dismnucdn en su segundsd, snc Is acepiacdn de &
realizackdn ce las pruebas propuesias. La recogida de datos se hard ce modo absokutamenie confdencial
y @ anonimato 0o los dats estand garantzado.

Su participacdn en est estudio es Diaiments volunisna y puade abandonaro en el momento en que asi
lo decida, sin que esio ENga repercusin alguna an su alencidn sanitans Atura.

Versidn 1; 10/06/2015
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¢) Informed consent

ety beve itain
salud Miguel Servet
Hospital Universitario Miguel Servet | — vy
Unidad oftaimoldgica de dlabetes

CONSENTIMIENTO INFORMADO

Thulo del esiudio: Relaclén de los pardmetros antropométricos, citocinas
plasmaéticas y morfologia retiniana con el grado de retinopatia diabética,

/Nombn y apefidos: \

He leido la hoja de informacidn que se me ha entregado. He recibikdo suficante
informacién scbre al estudio y han contestado adecuadamenta a mis preguntas.

n
o
=
S!
Q.
o
o
m
o
=
=
3
>
o
s
Y

He hablado can (nombre del médico informante):

Firma del mAtoo iNfOMmMANTE: ... ......o.vveeienrenemraarrramarrysanans

Comprendo que m¥ particpecion es voluntaria, Comprendo que puedo retiremme del
estudio cuando quiera sin tener gue dar explicaciones y sin que esto repercuta en mis
cuidados médicos.

Por aste consentimiento, presto lbremente mi conformidad para participar en al esludio

¥ para que mis datos dlinicos sean revisados para los fines del mismo, consciente de
que esta consentimiento se puede revocar en cualquier momento,

Flrma: Fecha:

/nomonmdnnmm \ ’

Por s presente NO AUTORIZO / ANULO cusiquier consentimiento plasmado en el presente
Impreso, que queds sin efecto a partir de este momento.

En Zaragoza, a de de
Firma del paciente o representante legal

Version 1; 10/06/2015



