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n'entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai
pour assurer au mieux les services qui me seront demandés.

J'apporterai mon aide a mes confréres ainsi qu'a leurs familles dans I'adversité.

Que les hommes et mes confreres m'accordent leur estime si je suis fidele a mes promesses ;

que je sois déshonorée et méprisée si j'y manque ».
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I. INTRODUCTION

Le cerveau est tres difficile d’acces, ce qui en fait aujourd’hui encore 1’un des organes
les plus mystérieux du corps humain. Son étude fait donc 1’objet de nombreuses recherches et
est a I’origine de I’essor de nouvelles techniques d’imageries anatomiques ou fonctionnelles
(1). Ces outils sont essentiels pour le développement des neurosciences mais ne trouvent pas
toujours leur place en pratique clinique (2). En effet, leur colt important et 1’organisation
complexe qu’ils nécessitent ne permettent souvent pas leur utilisation en pratique clinique de
routine (3). Des examens peu invasifs, reproductibles et simples d’utilisation, doivent donc

étre identifiés afin de permettre une utilisation plus large.

Un candidat est 1’¢lectrorétinogramme, outil qui enregistre la réponse de la rétine a des
stimuli lumineux (4). En effet, la rétine fait partie du systeéme nerveux central (SNC). Elle est
constituée d’un réseau neuronal complexe, organisé en étages, dont les axones de la dernicre
couche, celle des cellules ganglionnaires, forment le nerf optique (5). Les neurones de la
rétine présentent des propriétés anatomiques et fonctionnelles similaires aux neurones du
cerveau (5). La rétine et le cerveau sont notamment tous deux dotés d’un systeme de
neurotransmission proche (6). L’analyse du fonctionnement de la rétine rend donc accessible
la compréhension d’un réseau neuronal complexe appartement au SNC (7). Les
photorécepteurs (batonnets et cones) convertissent la lumiere en signal électrique, ce qui
module la libération de neurotransmetteurs (8). Les photorécepteurs transmettent ensuite le
signal aux cellules horizontales qui modulent la transmission synaptique avec les cellules
bipolaires (9). Les cellules amacrines modulent ensuite [’excitation des cellules
ganglionnaires, dont les axones forment le nerf optique (9). En réponse a une stimulation

lumineuse, les cellules ganglionnaires photosensibles vont exprimer un potentiel d’action qui
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sera transféré au cortex visuel (5). Plusieurs étapes de ce fonctionnement rétinien peuvent étre
mesurées par 1’¢lectrorétinogramme (ERG) (5). Les protocoles standards pour I’ERG sont
définis par l'International Society for Clinical Electrophysiology of Vision (ISCEV) (10) (11)
(12). Différentes séquences d’ERG permettent d’analyser le fonctionnement des différentes
couches de la rétine. Le Pattern ERG (PERG) évalue la fonction maculaire et les réponses des
cellules ganglionnaires (13). La stimulation se fait par un damier noir et blanc inversé (14). La
trace PERG typique se compose d’une onde positive P50, suivie une onde négative N95. Le
flash ERG (fERG) enregistre les photorécepteurs (batonnets et cones) et les cellules
bipolaires, soit les premiers stades du traitement rétinien (10). La stimulation est une série de
flash lumineux de fréquences et d'intensités variables. La trace fERG typique se compose
d'une premicre onde négative, l'onde a, suivie d’une onde positive, I'onde b (11). Enfin,
I’ERG multifocal (mfERG) enregistre 1’hyperpolarisation et la dépolarisation des cellules
bipolaires. Une trace mfERG typique se compose d’une onde €lectronégative N1, suivie d’une
onde électropositive P1, puis d’une 2° onde électronégative N2 (15). N1 provient
principalement de 1’hyperpolarisation des cellules bipolaires OFF et P1 en grande partie de la
dépolarisation des cellules bipolaires ON (16). La stimulation se fait par une cible rouge
centrale autour de laquelle un ensemble de 61 hexagones est modulé entre le blanc et le noir
pseudo-aléatoirement (17). Pour chaque séquence ERG et pour chaque onde d’intérét,
I'amplitude et la latence, c'est-a-dire le temps pour atteindre 1'amplitude maximale de 1'onde,

sont mesurées (5).

Le fonctionnement des cellules rétiniennes, notamment leur adaptation a la lumiére et
a Dobscurit¢ et la transmission du signal visuel (9), est médi¢ par plusieurs
neurotransmetteurs (6). La dopamine (18) et la sérotonine (19) sont les catécholamines

principales détectées dans la rétine des mammiféres. Les neurotransmetteurs excitateur
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glutamate, et inhibiteur acide gaba amino-butirique GABA sont également présents dans les
cellules rétiniennes (20), notamment les cellules ganglionnaires (21). Or la physiopathologie
des troubles mentaux implique souvent des dysfonctionnements de ces voix de signalisation
(22). C’est pourquoi la fonction rétinienne dans les maladies psychiatriques commence a étre
¢tudiée et donne des résultats prometteurs (5). Par exemple, plusieurs études ont montré des
résultats significatifs dans le trouble affectif saisonnier (23) (24) (25), dans la schizophrénie
(26), dans les addictions (27) ou encore dans le trouble bipolaire (28). Des modifications de la
fonction rétinienne, visibles a I’ERG, ont aussi été observées dans le Trouble Dépressif
Majeur (TDM). Par exemple une étude cas-témoins a montré une différence de gain de
contraste en PERG entre le groupe de patients atteints de TDM et les témoins, sans
différences entre les patients traités et non traités (29). La corrélation entre la gravité¢ de la
maladie et le gain de contraste était significative (29). Une seconde analyse, a réévalué les
PERG de 14 des patients de la premiere étude et des 40 témoins et a montré une normalisation
du gain de contraste uniquement chez les patients en rémission (30). Ces anomalies électro-
physiologiques observées dans le TDM ont été peu étudiées mais ont comme probable
substrat moléculaire, un déficit en dopamine et/ou sérotonine (22). En effet, le développement
des traitement antidépresseurs est basé sur I’hypotheése d’une carence de la neurotransmission
en monoamines (31), et la dopamine et la sérotonine sont normalement présentes dans la
rétine et impliquées dans son fonctionnement (6). Toutefois, jusqu’ici, aucune étude n’a

évalué I’effet des médicaments, et notamment des antidépresseurs, sur la fonction rétinienne.
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1. ABSTRACT

Background: One goal of research into major depressive disorder (MDD) is to develop
markers to predict and monitor the response to psychotropic treatments. The retina is
endowed with a complex neurotransmission system, composed of the main neurotransmitters
involved in the pathophysiology of MDD. The retina is therefore a relevant site of
investigation for the identification of reliable and robust markers. However, the effects of
antidepressants on the human retina are poorly studied. Here, we seek to study the potential

specific effects of various antidepressants on retinal function in MDD patients.

Methods: We assessed retinal function using flash (fERG), pattern (PERG) and multifocal
(mfERG) electroretinogram in 24 MDD patients treated using antidepressants at baseline and

at weeks 4, 8 and 12.

Results: We observed reduced b-wave amplitude of photopic fERG 3.0 in patients treated
with Selective Serotonin Reuptake Inhibitor (SSRI) in comparison with patients treated with
Serotonin-Norepinephrine Reuptake Inhibitor (SNRI) or Tricyclic Antidepressant (TCAD).
We also showed that SNRIs were associated both with a decrease in PERG P50 implicit time
and an increase in fERG 3.0 b-wave amplitude. TCADs were associated with an increase in

fERG flicker 3.0 a- and b-wave amplitude.

Conclusions: This is the first study in real-life conditions to show a specific effect of various
antidepressants on retinal function evaluated by electroretinogram. Further investigations
should be led to specify the effects of antidepressants on ERG in order to isolate reliable and

reproducible markers for predicting and monitoring the response to antidepressants.

Key-words: Major Depressive Disorder; Electroretinography; Retina; Synaptic transmission,

antidepressants, biomarkers.
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2. INTRODUCTION

Major depressive disorder (MDD) has a prevalence of 4.7% in the general population (1),
and is ranked as the leading cause of disability worldwide (2). The individual and public
health consequences are major, since the disorder is associated with an alteration in the
quality of life and greater morbidity and mortality (3). Current antidepressants are
insufficient. It has been shown that up to 50%-60% of patients do not obtain an adequate
response to antidepressant treatment (4): 12% obtain only a partial response, whereas 19%-
34% do not respond at all (5). In addition, the clinical effects of these different therapies are
only observed after several weeks of treatment (6). Moreover, clinicians cannot predict the
therapeutic response a patient will obtain to a molecule, which results in more therapeutic
trials until clinical efficacy is achieved. Clinicians are therefore faced with a challenge of
therapeutic choice. Obtaining faster efficacy may limit the risk of chronicization, the impact
of MDD on quality of life, and the development of secondary comorbidities (7). To meet
these challenges in the future, precision psychiatry must allow for the individualized and
personalized follow-up of each patient, drawing on early identification of both prediction of

response and therapeutic resistance.

To this end, we need to identify predictive markers of the response to psychotropic
treatment and to monitor the effectiveness of the treatment. To date, no biological marker has
occupied such a place in current clinical practice (8). The retina is a promising site to
investigate in the search for routine clinical use markers since it is an integral part of the
central nervous system. It is made up of a complex neural network, arranged in stages, whose
neurons exhibit anatomical and functional properties similar to brain neurons (9). The retina is
endowed with a complex neurotransmission system composed of neurotransmitters involved

in the pathophysiology of MDD (10). These are monoamine neurotransmitters such as
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dopamine, norepinephrine and serotonin (11), which are targeted by the main antidepressants

used currently (12).

Functional analysis of the retina could therefore enable the indirect study of the effects of
antidepressants on the neurotransmission pathways of the brain. Indeed, the retina is already
used for the study of functional abnormalities of the central nervous system in MDD (13).
The functioning of the various cells constituting the retina is evaluated using the
electroretinogram (ERG). ERG is a non-invasive and reproducible electrophysiological
technique that studies retinal function by recording the electrical response to light stimuli of
various retinal neurons (14). It offers several test sequences, making it possible to analyse the
specific functioning of different cells and therefore to study the different individual
neurotransmitters involved in their functioning. The benefit of ERG in the study of
antidepressant treatments in MDD has already been suggested. For example, one study has
shown that patients responding to treatment with duloxetine, a serotonin-norepinephrine
reuptake inhibitor (SNRI), have specific changes in flash ERG (fERG) compared to non-
responders (15). In this study, before treatment, the amplitude of the b-wave of the rod system
was increased in patients responding to duloxetine compared to non-responsive patients (15).
Unfortunately, there is a lack of clinical data obtained in real-life conditions on the effect of
antidepressants classes on retinal function (16). To identify retinal predictive markers of the
response to psychotropic treatment and to monitor the effectiveness of the treatment, the next
stage will seek to sepecify the retinal effects of various antidepressant pharmacological
classes. Our work therefore aims to study specific retinal functional effects according to the
different classes of antidepressants in MDD. We hypothesize that given the different
neurotransmitters detected in the various retinal neuronal layers, there is a specific effect of

the different classes of antidepressants on the retinal function as assessed by ERG.
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3. MATERIAL AND METHODS

3.1. Population and ethics statement

This was an ancillary study conducted with data collected during the single-center,
prospective double-blinded randomized LUMIDEP study (NCT03685942) at the Nancy
Psychotherapeutic Center (NPC), France to assess the efficacy of light therapy in non-
seasonal MDD. Participants with MDD were recruited from in- and outpatients of the NPC
and from outpatients of physicians in private practice. Participants included in the present
study were recruited from January 2019 to July 2020. Prior to inclusion, all participants were
asked for details of their medical history and treatments and underwent a psychiatric
interview. All participants signed consent. Participants agreeing to take part in the ancillary
study signed consent forms specific to that study. All participants received compensation in
the form of €15 in gift vouchers. The study protocol met the requirements of the Helsinki
Declaration and was approved by the Ile de France X Ethics Committee (no. 34-2018). Full

protocol of this study is described in Cosker et al. (17).

3.2. Inclusion and exclusion criteria

The inclusion criteria for the LUMIDEP study were: an actual diagnosis of unipolar MDD
according to the Diagnostic and Statistical Manual of Mental Disorders IV (DSM-IV),
assessed by means of the Mini Neuropsychiatric International Interview (MINI) (18) and age
between 18 and 60 years. The exclusion criteria were: a diagnosis of a progressive psychiatric
disorder (other than MDD and anxiety disorder) according to Axis I of the DSM-IV, assessed
by means of the MINI; seasonal affective disorder; a high suicide risk; an absence of routine
care for MDD; previous or current light therapy treatment; an ongoing neurological disease

and a retinal pathology. All participants underwent an ophthalmic evaluation including visual
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acuity measurement and a fundoscopic examination. Their visual acuity had to be at least
10/10 with optic correction in each eye measured with the Monoyer scale, and the

fundoscopic examination had to be normal.

In the present analysis, we consider ERG of participants treated with antidepressants and

without antipsychotics or mood stabilizers or vortioxetine.

3.3. Assessment for participants with MDD

On inclusion an interrogation was carried out. The Montgomery-Asber Depression Rating
Scale (MADRS) and self-assessed MADRS (self-MADRS) were quantified to measure
depressive disorder’s intensity (19). The Hamilton anxiety scale (HAM-A) was performed to
measure the level of anxiety. These three scales were repeated in the 4th, 8th and 12th weeks.
Likewise, sleep quality was assessed at baseline and after 4, 8 and 12 weeks by two scores:
the Pittsburgh Sleep Quality Index (PSQI) (20). Alcohol consumptions in number of glasses
per week and tobacco in packets years (PA) were collected on inclusion.

From inclusion to week 8 participants benefited from active or placebo light therapy
according to their randomization group. They also continued to receive their usual care from
their responsible physician. The LUMIDEP study did not regulate pharmacotherapy. The
responsible doctor decided and prescribed pharmacotherapy. Drug therapy received by
patients was documented in terms of type and dosage at each visit throughout the study. In
order to take into account the possible effects of the doses of the different antidepressants,
their dosages were converted into Fluoxetine equivalents in milligrams according to the

recommendations of Hayasaka et al (21).
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3.4. Experimental protocol for functional retinal assessment

Retinal data included in this report for the LUMIDEP study were recorded at baseline, and
at week 4, 8 and 12 (17). Pattern ERG (PERG), flash ERG (fERG) and multifocal ERG
(mfERG) were performed according to the standards of the International Society for Clinical
Electrophysiology of Vision (ISCEV) (22) (23) (24) (25) (26). The MonPackOne system was
used for the stimulation, the recording and the analysis. Both eyes were recorded
simultaneously except for the mfERG, where each eye was recorded separately. Dawson-
Trick-Litzkow (DTL) electrodes (Metrovision, Pérenchies, France) were placed at the bottom
of the conjunctival sac, and ground and reference electrodes were attached to the forehead and
external canthi (27). Data were analyzed with Ophthalmic Monitor (Metrovision, France).
Averaged retinal responses were first obtained from each eye and then parameter, implicit

time and amplitude values were averaged over both eyes for analysis.

3.4.1. Pattern ERG (PERG) measurements

Participants were positioned 1 m from the screen. Their pupils were non-dilated.
Appropriate optic correction was provided for participants with refractive disorders. The
stimulus was a black and white contrast reversible checkerboard, with 0.8° check size, 93.3%
contrast level, 100 candela/m? (cd/m?) constant luminance white area, and 4 reversals per
second. At least 220 responses were reported for each participant, with constant ambient

lighting to achieve the best signal-to-noise ratio.

There are two principal segments in a typical PERG trace: P50, an electropositive
wave, followed by N95, which is electronegative. The P50 wave reflects the macular function
and N95 the function of the retinal ganglion cells (23) (28). Two main parameters are derived
from P50 and N95 waves: the amplitude measured in uV and the implicit time measured in

ms. P50 amplitude is measured from the trough of the inconstant N35 or from the baseline to
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the peak of the P50 wave. N95 amplitude is measured from the peak of the P50 to the trough
of the N95 wave. Implicit time is the time taken to reach the maximum P50 and N95

amplitudes.

3.4.2. flash ERG (fERG) measurements

Pupils were dilated with tropicamide 0.05%. Participants were positioned 30
centimeters from the screen. After 20 minutes of dark adaptation, dark-adapted 0.01 fERG
and dark-adapted 3.0 fERG were performed. The stimulus in each case was a flash with a
strength of 0.01 and 3.0 candela.m?.s™!, respectively. At least eight responses were recorded
for each participant. Then, after 10 minutes of light adaptation with a light background set at
30 cd/m? managed by the MonPackOne system, light-adapted 3.0 fERG and light-adapted 3.0
flicker fERG were recorded. The stimulus was a flash with a strength of 3.0 candela.m?.s™. At

least 16 responses were recorded for each participant.

There are two main components on a fERG trace: an electronegative component, the
a-wave, followed by an electropositive component, the b-wave; in the case of the dark-
adapted 0.01, however, the a-wave is masked by the b-wave. The a-wave reflects
photoreceptors activity. Depending on the lighting environment and the flash intensity, the
cones or the rods are preferentially recorded. The b-wave reflects the activity of bipolar cells
(25) (22). Two parameters are derived from the a- and b-waves: the amplitude measured in
puV and the implicit time measured in ms. The a-wave amplitude is measured from the
baseline to the trough of the a-wave. The b-wave amplitude is measured from the trough of
the a-wave to the peak of the b-wave. The implicit time is the time taken to reach the

maximum a- and b-wave amplitudes.
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3.4.3. multifocal (mfERG) measurements

Pupils were dilated with tropicamide 0.05%. Pupil size was systematically noted
before and after recordings and remained constant throughout the testing period. Participants
were positioned 30 centimeters from the screen, were fully corrected optically for the viewing
distance and asked to fixate on the central red target. Stimulation was a set of 61 scaled
hexagons, corresponding to the central 20°, modulated between white and black in a pseudo-
random sequence. The luminance of the stimulation was 100 cd/m?. The screen was
surrounded by a uniformly illuminated background cover with a luminance set of 30 cd/m?,
managed by the MonPackOne system, in order to eliminate rod response. The stimulus
frequency was set at 75 Hz. Any segments associated with blinks or eye movements were
rejected. At least 5000 responses were recorded for each eye of each participant, with a level
of noise maintained below 5 kiloohm (k) to achieve the best signal-to-noise ratio. The
computer provides a control video that can be used track participants’ visual fixation during
the online recordings by giving the position of the eyes. Responses were rejected in the case

of abnormal fixations.

mfERG signals were averaged over 5 retinal regions: <2°, 2-5°, 5-10°, 10-15° and > 15°.
A typical mfERG trace is composed of an electronegative wave, N1, followed by an
electropositive wave, P1, and lastly an electronegative wave, N2 (29). N1 originates mostly
from the hyperpolarization of the OFF-bipolar cells and P1 largely from the depolarization of
the ON-bipolar cells (30). Two main parameters are derived from these waves: the amplitude
measured in microvolts (uV) and the implicit time measured in milliseconds (ms). N1
amplitude was measured from the baseline to the trough of N1. P1 amplitude was measured

from the trough of N1 to the peak of P1. N2 amplitude was measured from the peak of P1 to
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the trough of N2. Implicit times are the times taken to reach the maximum amplitudes of N1,

P1 and N2.

3.5. Statistical analysis

All parameters were described as percentages % for the categorical variables and by mean

and standard deviation for the continuous variables.

Next, the CHI2 test for categorial variables and the Student test for continuous variables
were used to compare variables between different treatment groups. A generalized linear
model then made it possible to test the group effect on the electroretinographic variables, after
adjustment for those socio-demographic variables that were significantly different between
the treatment groups and liable to impact the ERG. The model used the socio-demographic
variables that previously differed significantly different between the groups in the Student
test, and which could influence the ERG, as independent explanatory variables, and used the
electroretinographic variables that differed significantly between the groups in the Student

test as dependent variables. The results obtained were multivariate and univariate.

The significance threshold was set at 5%. Statistical analysis was performed using

Statistica® -v10.
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4. RESULTS

4.1. Sociodemographic data

For 24 patients, we analysed 56 ERGs, of which 19 at inclusion, 14 at week 4, 11 at week

8, 12 at week 12.

4.1.1. Distribution of treatments in the study population according to the

records:

37 ERGs were recorded in participants treated with a Selective Serotonin Reuptake
Inhibitor (SSRI). Among these 37 ERGs: 22 were recorded in patients not treated with any
other psychotropic drug; 10 were recorded in patients treated with benzodiazepines or
hypnotics; 2 were recorded in patients treated with antihistamines; 2 were recorded in patients
treated with antihistamine and benzodiazepines or hypnotics; and 1 were recorded in patient
treated with serotonin and norepinephrine reuptake inhibitor (SNRI), antihistamine and

benzodiazepines or hypnotics.

15 ERGs were recording in participants treated with Serotonin and Noradrenaline
Reuptake Inhibitor (SNRI). Among these 15 ERGs: 2 were recorded in patients not treated
with any other psychotropic drug; 3 were recorded in patients treated with benzodiazepines or
hypnotics, 4 were recorded in patients treated with antihistamine and benzodiazepines or
hypnotics, 1 were recorded in patient treated with SSRI, antihistamine and benzodiazepine or
hypnotics, 1 were recorded in patients treated with another antidepressant and
benzodiazepines or hypnotics, 4 were recorded in patients treated with tricyclic

antidepressants (TCAD) and benzodiazepines or hypnotics.
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9 ERGs were recording in participants treated with TCAD. Among these 9 ERGs: 5
were recorded in patients treated with benzodiazepines or hypnotics, 4 were recorded in

patients treated with SNRI and benzodiazepines or hypnotics.

The treatment groups were therefore constituted as follows:

- patients treated with SSRIs (SSRI+ group, n = 37) and those not treated with SSRIs (SSRI-
group, n = 19).

- patients treated with SNRIs (SNRI+ group, n = 15) and those not treated with SNRIs (SNRI-
group, n =41).

- patients treated with TCADs (TCAD+ group, n = 9) and those not treated with TCADs
(TCAD- group, n = 47).

- patients receiving SSRIs and treated with benzodiazepines or hypnotics (BZD+ group, n =
10) and those receiving SSRIs not treated with benzodiazepines or hypnotics (BZD- group, n

=22).

4.1.2. Socio-demographic analyses according to treatment groups:

The socio-demographic data of the participants were analysed and compared
according to their treatment group. The socio-demographic data are summarized in Table 1

below:
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Table 1 : Socio-demographic characteristics of participants according to their treatment group,

(percentage, means, standard deviations).

SSRI+ group  SSRI-group p SNRI+ group SNRI-group p
(n=37) (n=19) (n=15) (n=41)
Gender (% male) ® 18,92 0,00 0,00 17,07
Age (years) * 45,41 (7,65) 38,63 (10,90)  0,01* 35,53 (7,22) 45,88 (8,54) <0,01*
MADRS score * 14,89 (10,19) 21,95 (12,07)  0,03* 25,20 (12,00) 14,39 (9,60) <0,01*
MADRS-self score 8,96 (5,33) 12,11 (7,40) 0,07 13,70 (7,11) 8,68 (5,36) 0,01*
HAM-A score ? 8,27 (5,76) 11,53 (6,41) 0,06 13,33 (6,31) 7,93 (5,45) <0,01*
PSQI score ® 8,65 (3,55) 10,58 (5,65) 0,12 12,00 (4,57) 8,32 (3,98) <0,01*
Antidepressant dosage in Fluoxetine
equivalent (mg) ? 35,63 (15,68)  41,43(28,72) 0,33 45,17 (32,03) 34,83 (14,65) 0,10
Alcohol consumption (glasses per week)? 3,1 (4,17) 2,63 (4,99) 0,69 3,33 (5,43) 2,83 4,07) 0,71
Tobacco consumption (Packets Years) ? 10,33 (12,41) 4,41 (9,25) 0,08 7,19 (11,05) 8,35(11,90) 0,75
TCAD+group TCAD- group p BZD+ group  BZD- group p
(n=9) (n=47) (n=10) (n=22)
Gender (% male) ® 0,00 14,89 0,00 27,27
Age (years) * 41,78 (12,86) 43,66 (8,70) 0,65 46,70 (7,24) 44,55 (7,60) 0,46
MADRS score * 24,00 (13,05) 16,00 (10,57) 0,05 18,10 (8,28) 11,50 (8,79) 0,05
MADRS-self score 14,33 (8,71) 9,20 (5,38) 0,02* 10,85 (3,32) 7,00 (4,54) 0,02+
HAM-A score ? 11,00 (6,50) 9,06 (6,08) 0,39 10,20 (5,73) 6,23 (4,22) 0,04*
PSQI score 10,89 (7,13) 9,00 (3,73) 0,24 9,90 (2,60) 7,55 (3,56) 0,07
Antidepressant dosage in Fluoxetine 59,40 (31,71) 33,42 (15,44) <0,01* 26,45 (8,47) 33,98 (12,51) 0,09
equivalent (mg) ?
Alcohol consumption (glasses per week)? 0,00 (0,00) 3,53 (4,63) 0,03* 6,30 (6,78) 2,18 (1,56) 0,01*
Tobacco consumption (Packets Years) ? 0,62 (0,74) 9.69 (12,19) 0,03* 23,62 (9,70) 2,36 (4,68) <0,01*

Table 1 : SSRI+ group, n = 37: ERG from patients receiving SSRI treatment; SSRI- group, n = 19: ERG from patients not
receiving SSRI treatment; SNRI+ group, n = 15: ERG from patients receiving treatment with SNRI; SNRI- group, n = 41:
ERG of patients not benefiting from treatment with SNRI; TCAD+ group, n = 9: ERG from patients receiving treatment with
TCAD; TCAD- group, n = 47: ERG from patients not receiving treatment with TCAD; BZD+ group, n = 10: ERG from
patients treated with SSRI alone and receiving treatment with benzodiazepine or hypnotic; BZD- group, n = 22: ERG from
patients treated with SSRI alone and not receiving treatment with benzodiazepine or hypnotic; * Student's test, ® Chi-square

test, * significant differences
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The SSRI+ and SSRI- groups differed in gender, age (p = 0,01) and MADRS score (p
= 0,03). The SNRI+ et SNRI- groups differed in gender, age (p < 0,01), MADRS score (p <
0,01), MADRS-self score (p = 0,01), HAM-A score (p < 0,01) and PSQI score (p < 0,01). The
TCAD+ et TCAD- groups differed in gender, in the antidepressant dosage in Fluoxetine
equivalent in mg (p < 0,01), the alcohol consumption in glasses per week (p = 0,03), the
tobacco consumption in Pack Years (p = 0,03) and the MADRS-self score (p = 0,02). The
BZD+ and BZD- groups differed in gender, in alcohol consumption in glasses per week (p =
0,01), tobacco consumption in Pack Years (p < 0,01), MADRS-self score (p = 0,02) and

HAM-A score (p = 0,04); Student’s test.

These differences were considered by the generalized linear model in section 3.3.

4.2. Electroretinographic data

The clinically relevant electroretinographic data are shown in Table 2. All results are

presented in supplementary materials.
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Table 2 : Comparison of ERG parameters according to treatment group, means and standard deviations

PERG
P50 implicit time
P50 amplitude ®

fERG scotopic 3.0

a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

fERG photopic 3.0

a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

fERG flicker 3.0
a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

SSRI+ group
n=37)

53,89 (3,66)
2,89 (0,85)

18,95 (2,87)
-108,90 (35,68)
41,47 (8,95)
214,00 (55,15)

14,98 (0,80)
-17,00 (5,11)
30,70 (1,16)
83,54 (19,67)

15,65 (1,87)
-38,50 (11,06)
28,56 (1,57)
68,67 (20,70)

SSRI- group
(n=19)

51,15 (3,89)
2,11(0,52)

20,16 (2,80)
-131,31 (53,26)
40,92 (2,64)
244,62 (68,09)

15,24 (0,80)
20,62 (7,62)
30,45 (0,97)
101,63 (22,38)

15,55 (1,55)
-50,14 (16,49)
28,62 (1,47)
77,90 (17,09)

T value

2,53
3,62

-1,50
1,84
0,26
-1,79

-1,09
2,02
0,77
-2,96

0,20
2,99
-0,13
-1,63

p

0,01*
<0,01*

0,14
0,07
0,79
0,08

0,28
0,049+
0,44
<0,01*

0,84
<0,01*
0,90
0,11

SNRI+ group
(n=15)

50,73 (4,40)
2,18 (0,44)

19,35 (3,20)
-134,95 (56,67)
40,87 (2,37)
247,33 (59,98)

15,10 (0,86)
-20,46 (8,90)
30,21 (0,97)
100,45 (25,11)

15,45 (1,71)
-44,93 (13,97)
28,41 (1,55)

73,65 (16,17)

SNRI- group
(n=41)

53,76 (3,42)
2,78 (0,89)

19,39 (2,79)
-109,79 (35,88)
41,43 (8,54)
216,09 (60,15)

15,05 (0,79)
-17,44 (4,94)
30,76 (1,12)
85,84 (20,04)

15,68 (1,77)
42,06 (14,69)
28,66 (1,52)
71,54 (21,29)

T value

2,65
2,45

0,04
1,95
0,25
-1,71

-0,17
1,53
1,59
-2,13

0,43
0,64
0,54
-0,34

p

0,01*
0,02*

0,97
0,06
0,81
0,09

0,86
0,13
0,12
0,04+

0,67
0,52
0,59
0,73




PERG
P50 implicit time
P50 amplitude ®

fERG scotopic 3.0

a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

fERG photopic 3.0

a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

fERG flicker 3.0
a-wave implicit time *
a-wave amplitude °
b-wave implicit time

b-wave amplitude ®

TCAD+group
(n=9)

50,21 (2,59)
1,90 (0,52)

21,85 (0,45)
-118,32 (28,00)
40,56 (2,60)
229,97 (67,43)

15,46 (0,49)
-18,88 (3,64)
30,55 (1,05)
96,29 (15,20)

15,45 (1,71)
-53,25 (17,03)
28,41 (1,55)

85,20 (13,02)

TCAD- group
(n=47)

53,44 (3,97)
2,75 (0,81)

18,88 (2,91)
-116,47 (46,33)
41,42 (7,97)
223,73 (60,63)

14,98 (0,83)
-18,06 (6,68)
30,63 (1.12)
88,13 (23,24)

15,68 (1,77)
-40,65 (12,91)
28,66 (1,52)
69,32 (19,93)

T value

2,33
3,02

-3,04
0,11
0,32
-0,28

-1,66
0,36
0,20
-1,00

0,67
2,50
0,54
-2,28

p

0,02*
<0,01*

<0,01*
0,91
0,75
0,78

0,10
0,72
0,84
0,32

0,50
0,02*
0,79
0,03*

BZD+ group
(n=10)

53,27 (3,93)
3,09 (0,76)

20,17 (2,33)
-141,12 (35,74)
40,82 (1,15)
249,38 (51,62)

14,97 (0,54)
21,35 (3,95)
31,27 (1,02)
98,89 (17,56)

16,66 (2,02)
-49,06 (9,83)
28,64 (0,62)

82,86 (17,62)

BZD- group
(n=22)

54,51 (3,40)
2,85 (0,90)

18,63 (2,95)
-98,57 (32,26)
41,98 (11,31)
203,17 (55,18)

14,91 (0,90)
-16,02 (4,80)
30,40 (1.23)
79,29 (19,98)

14,92 (1,48)
-35,79 (9,38)
28,35 (1,93)
68,54 (19,06)

T value

-0,85
0,70

1,33
-3,11
-0,28
2,06

0,18
-2,80
1,78
2,43

2,48
-3,28
0,40
1,81

0,40
0,49

0,20
0,01*
0,78
0,049+

0,86
0,01*
0,09
0,02*

0,02*
<0,01*
0,69
0,08
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mfERG N1 wave
Amplitude < 2°°

implicit time <2° ?
Amplitude 2-5°°
implicit time 2-5° ?
Amplitude 5-10°°
implicit time 5-10° *
Amplitude 10-15°°
implicit time 10-15° *
Amplitude > 15°°

implicit time > 15° ?

mfERG P1 wave
Amplitude <2 °°
implicit time <2 ° *#
Amplitude 2-5 °°
implicit time 2-5 © 2
Amplitude 5-10°°
implicit time 5-10° 2
Amplitude 10-15°°
implicit time 10-15° 2
Amplitude > 15°°

implicit time > 15 ° 2

BZD+ group
(n=10)

-815,69(291,23)
29,31 (2,13)
-280,03 (88,83)
26,40 (1,63)
267,27 (76,35)
26,99 (1,71)
219,82 (73,85)
25,71 (3,04)
244,25 (46,07)
25,50 (0,84)

1055,63 (264,10)
51,07 (3,48)
606,8 (60,75)
47,41 (1,51)
437,38 (170,46)
44,68 (1,17)
428,81 (145,45)
44,03 (1,52)
463,94 (116,38)
44,56 (0,80)

BZD- group
(n=22)

-488,87 (416,87)
28,09 (4,39)
-208,19 (84,06)
27,24 (4,65)
-175,71 (85,03)
25,37 (1,82)
-127,57 (38,09)
25,91 (3,55)
-138,69 (45,01)
24,99 (2,15)

732,34 (290,15)
51,58 (4,19)
410,82 (148,75)
47,48 (3,89)
305,72 (74,57)
43,67 (2,37)
301,12 (84,98)
44,48 (3,20)
324,86 (89,35)
43,77 (2,11)

T value

2,03
0,75

2,04
-0,50
2,67
2,20

451
-0,14
-5,65
0,65

p

0,05
0,46
0,05
0,62
0,01*
0,04*
<0,01*
0,89
<0,01*
0,52

0,01*
0,76
<0,01*
0,96
0,01*
0,26
0,01*
0,71
<0,01*
0,31
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mMfERG N2 wave

Amplitude <2 °° -1058,06(296,66) -760,05(301,83) -2,40 0,02*
implicit time <2 © *# 73,94 (3,24) 72,51 (4,22) 0,87 0,39
Amplitude 2-5 °®° -493,13(138,45) -359,19(100,71) -2,89 0,01*
implicit time 2-5° ? 72,61 (6,00) 69,23 (3,92) 1,79 0,09
Amplitude 5-10 °® -401,38 (78,12) -260,10 (70,31) -4,73 <0,01*
implicit time 5-10 © ? 66,29 (5,01) 64,73 (6,25) 0,63 0,53
Amplitude 10-15°° -426,38(140,39) -274,29(101,03) -3,28 <0,01*
implicit time 10-15° 2 65,76 (10,86) 69,01 (6,83) -0,98 0,34
Amplitude > 15°° -355,00(101,68) -286,98 (94,22) -1,71 0,10
implicit time > 15 ° @ 71,01 (9,53) 64,30 (6,05) 2,30 0,03*

Table 2: SSRI+ group, n = 37: ERG from patients receiving SSRI treatment; SSRI- group, n = 19: ERG from patients not receiving SSRI treatment; SNRI+ group, n = 15: ERG from patients
receiving treatment with SNRI; SNRI- group, n = 41: ERG of patients not benefiting from treatment with SNRI; TCAD+ group, n = 9: ERG from patients receiving treatment with TCAD,;
TCAD- group, n = 47: ERG from patients not receiving treatment with TCAD; BZD+ group, n = 10: ERG from patients treated with SSRI alone and receiving treatment with benzodiazepine or

hypnotic; BZD- group, n =22: ERG from patients treated with SSRI alone and not receiving treatment with benzodiazepine or hypnotic; Student test ; * significant differences

In part 3.3, we further consider the socio-demographic data that differed in section 3.1
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4.3. Generalized Linear Model

4.3.1. SSRIs
After adjustment for age and MADRS score, the group effect was maintained for
PERG P50-wave implicit time (F = 5,37; p = 0,03), PERG P50-wave amplitude (F = 8,81; p <
0,05), fERG photopic 3.0 a-wave amplitude (F = 6,37 ; p = 0,02), fERG photopic 3.0 b-wave

amplitude (F = 8,03 ; p =0,01), fERG flicker 3.0 a-wave amplitude (F = 14,35 ; p <0,05).

These results are shown in figure 1.
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Figure 1 : Representation of the univariate results of the generalized linear model for the SSRI+ and

SSRI- groups. Vertical bars represent the 95% confidence interval.

A) Implicit time (ms) between groups EPERG P50-wave

B) amplitudes (V) between groups. EPERG P50-wave , —— fERG photopic 3.0 a-wave,

E JERG photopic 3.0 b-wave, == JERG flicker 3.0 a-wave.



4.3.2. SNRIs

After adjustment for age, and MADRS, MADRS self, Hamilton and PSQI scores,

the group effect was maintained for PERG P50-wave implicit time (F = 5.50; p = 0.02), and

for fERG photopic 3.0 b-wave amplitude (F = 6.29; p = 0.02).
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These results are shown in Figure 2.
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4.3.3. TCADs

After adjustment for dosage of antidepressants in Fluoxetine equivalent, alcohol
consumption, tobacco consumption and MADRS-self score, the group effect was maintained
for PERG P50-wave amplitude (F = 6.93; p = 0.01), fERG scotopic 3.0 a-wave implicit time
(F = 6.26; p = 0.02), fERG flicker 3.0 a-wave amplitude (F = 16.44; p <0.05) and fERG

flicker 3.0 b-wave amplitude (F = 24.24; p <0.05).

These results are shown in Figure 3.
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Figure 3 : Representation of the univariate results of the generalized linear model for the TCAD+ and

TCAD- groups. Vertical bars represent the 95% confidence interval.

A) Implicit time (ms) between groups. =+ fERG scotopic 3.0 a-wave

B) amplitudes (uV) between groups. == PERG P50-wave, —*- fERG flicker 3.0 a-wave,
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4.3.4. Benzodiazepines or hypnotics

After adjustment for the MADRS-self and Hamilton-scale score, the group effect was
maintained, for mfERG P1-wave amplitude in the 10-15° degrees region (F = 7.01; p = 0,02),
and for mfERG N2-wave amplitude in the 5-10° region (F = 5.29; p = 0.04). The model could
not be adapted to tobacco and alcohol consumption for these waves.

After adjustment for the MADRS-self score, the group effect was maintained for
mfERG N2-wave amplitude in the < 2° region (F = 8.96; p = 0.01). The model could not be

adapted for tobacco and alcohol consumption, or the Hamilton scale score for this wave.

These results are shown in Figure 4.
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Figure 4 : Representation of the univariate results of the generalized linear model for the BZD+ and

BZD- groups. Vertical bars represent the 95% confidence interval. Amplitudes (uV) between groups.
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S. DISCUSSION

The results showed that patients treated with SSRIs presented an increase in the
PERG P50-wave implicit time and amplitude of respectively 5 % and 37 %; a decrease in the
fERG photopic 3.0 a- and b-wave amplitudes of respectively 18 % and 18 %; and a decrease
in the fERG flicker 3.0 a-wave amplitude of 4 %, compared to patients not treated with SSRI
treatment. The results showed that the patients treated with SNRI presented a decrease in
PERG P50-wave implicit time of 6 % and an increase in fERG photopic 3.0 b-wave
amplitude of 17 %, compared to patients not treated with SNRI. The results also showed that
patients treated with TCADs presented a decrease in PERG P50-wave amplitude of 31 %, an
increase in the fERG scotopic 3.0 a-wave implicit time of 16 %, and an increase in the fERG
flicker 3.0 a- and b-wave amplitude of respectively 31 % and 23 %, compared to patients not
treated with TCAD. Finally, the results showed that in the SSRI+ group, the patients treated
with benzodiazepines or hypnotics presented an increase in the mfERG P1-wave amplitude of
42 % in the 10-15° degrees region, an increase of N2-wave of 39 % in the < 2° region and an
increase of N2-wave of 54 % in the 5-10° region compared to patients in the SSRI+ group not

treated with benzodiazepines or hypnotics.

These results are summarized in figure 5.
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Figure 5 : summary of clinically relevant results

This is the first study performed in real-life conditions to evaluate the effects of
antidepressants on retinal function in major depressive disorder. Studies in humans evaluating
the impact of antidepressants on the retinal function are limited (16). In our study, 1- the
intake of SSRIs was associated with a significant decrease in fERG photopic 3.0 b-wave
amplitude in comparison with the intake of SNRIs or TCADs; 2- the intake of SNRIs was
linked to a significant increase in fERG photopic 3.0 b-wave amplitude in comparison with
the intake of SSRIs or TCADs; 3- the intake of TCADs was not associated with change in
fERG photopic 3.0 b-wave amplitude in comparison with the intake of SSRIs or SNRIs.
These results are consistent with the current literature in the field. In humans, a slight increase

in the cones b-wave amplitude after administration of a single dose of agomelatine 25 mg —a
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serotoninergic and melatoninergic antidepressant— was observed in 23 healthy volunteers
(31). In animals, the injection of serotonin into the vitreous cavity of the cat was significantly
associated with a slow and pronounced increase in the amplitude of the fERG photopic 3.0 b-
wave (32). Taken together, these results suggest that the intake of SSRIs is associated with an
increase in fERG photopic 3.0 b-wave amplitude but this increase seems to be less
pronounced than the fERG photopic 3.0 b-wave amplitude increase induced by SNRI intake.
The modulation of b-wave amplitude induced by the intake of SSRIs or SNRIs can impact

functioning of the bipolar cells (25).

Another result of this study supports that: 1- the intake of SSRIs was associated with
a significant increase in PERG P50 implicit time in comparison with the intake of SNRIs or
TCADs; 2- the intake of SNRIs was associated with a significant decrease in PERG P50
implicit time when compared with the intake of SSRIs or TCADs. Unfortunately, we have not
found any studies evaluating the effects of SSRI or SNRI intake on the PERG in the current
literature. Here, we observed that the P50 implicit time was reduced by the intake of SNRIs in
comparison with the intake of SSRIs. Finally, the intake of TCADs was associated with an
increase in fERG flicker 3.0 a- and b-wave amplitude when compared with the intake of
SSRIs or SNRIs. Thus, the transmission of retinal signal from the cones to bipolar cells
seems to be modulated by TCAD intake (25). From our results, we can deduce that SSRIs and
SNRIs alter the bipolar cells of the cone system —fERG photopic 3.0 b-wave amplitude —
whereas TCADs modulate the transmission of retinal information from the cone to the bipolar
cellsfERG flicker a- and b-wave amplitude —. Interestingly, TCADs act on several
neurotransmitters — serotonin, dopamine and noradrenaline —, which could explain that their

intake modulates the complete transmission of retinal information between cone and bipolar
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cells. We suppose that SSRIs or SNRIs, which act on serotonin or serotonin-noradrenaline,

alter the unique stage of bipolar cells.

Here, we compared the ERG of patients treated with SSRIs and
benzodiazepines/hypnotics (BZDs) with the ERGs of patients treated with SSRIs without
BZDs. The patients with BZD had no change in PERG and fERG compared to patients
without BZD. The long-term use of benzodiazepines had no effects on PERG and scotopic or
photopic fERG, which is consistent with our results (33). However, another study supports a
dose-dependent decrease of a- and b-wave amplitude and implicit time in fERG photopic 3.0
after an intake of BZDs (34). The effect was more profound under conditions of light
adaptation than dark adaptation (34). In scotopic conditions, serotonin could decrease the
effects of the GABAergic system (35). As a consequence, the SSRI-BZD interaction in our
study would explain the lack of retinal abnormalities as measured with fERG scotopic 3.0.
We also showed that the intake of BZDs was associated with a significant increase in mfERG
amplitudes. We observed an increase of P1-wave amplitude in the 10-15° region; an increase
of N2 wave amplitude in the < 2° region; and an increase of N2 wave amplitude in the 5-10°
region. Unfortunately, we have not found studies evaluating the effects of BZD intake on the

mfERG in the current literature.

This study has certain limitations and perspectives. Firstly, the patients were
receiving multiple pharmacological treatments, which could lead to confusion bias.
Nevertheless, this situation is frequently encountered in routine psychiatric care and
corresponds to a real-life situation. Future studies should multiply the associations of
antidepressants to individualize the effects of various molecules while considering their

possible interactions. Secondly, the number of subjects was low, thus limiting our statistical
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power. Therefore, the number of subjects should also be increased and the distribution of men
and women should be balanced. Thirdly, at this stage of the study, the blind was not lifted and
we do not know which patients benefited from an active light therapy device or from a
placebo device. At the end of this study, these analyzes will be repeated, taking this factor
into account. Our results are interesting since they offer the opportunity to consider retinal
electrophysiological markers as indicators of the therapeutic response in depressed patients in
real-life care conditions. Investigations must therefore be prolonged and replicated to
ascertain the precise effect of antidepressants on ERG. These results also support the use of
ERG as a tool for monitoring and predicting therapeutic response in major depressive

disorder.
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7. SUPPLEMENTARY MATERIAL

Table 3 : Comparison of ERG parameters according to treatment group for SSRI and SNRI groups,

means and standard deviations

SSRI+ group SSRI- group T p SNRI+ group SNRI- group T p
(n=37) (n=19) value (n=15) (n=41) value
PERG
NOS5 implicit time 99,26 (8,69) 98,64 (8,93) 0,24 0,81 97,07 (8,23) 99,85 (8,87) 1,04 0,30
N95 amplitude -3,40 (1,12) -3,12 (0,85) -0,94 0,35 -3,14 (0,81) -3,37(1,11) -0,71 0,48
fERG scotopic 0,01
a-wave implicit time * | 34,12 (3,84) 35,77 (2,46) -1,69 0,10 35,36 (3,04) 34,45 (3,64) -0,86 0,40
a-wave amplitude ® -9,58 (7,36) -12,82 (10,60) 1,31 0,20 -12,88 (10,17) -9,91 (8,05) 1,12 0,27
b-wave implicit time* | 75,25 (13,83) 73,11 (5,22) 0,65 0,52 71,92 (5,10) 75,49 (13,11) 1,02 0,31
b-wave amplitude ® 144,23 (60,36) 163,42 (57,15) -1,13 0,26 163,91 (56,05) 146,05 (60,65) -0,99 0,33
mfERG N1 wave
Amplitude < 2°° -565,95 (488,26) -492,13(222,30)  -0,76 0,45 -506,93(242,07)  -552,33(370,83) -0,44 0,66
implicit time <2°? 28,15 (3,81) 29,25 (8,24) -0,67 0,51 27,14 (3,32) 29,10 (6,41) 1,12 0,27
Amplitude 2-5°° -229,42 (85,16) -243,44 (88,95) 0,57 0,57 -249,49 (96,03)  -228,51(82,25) 0,80 0,43
implicit time 2-5°# 26,86 (3,84) 29,13 (10,13) -1,17 0,25 27,46 (8,20) 27,76 (6,27) 0,15 0,88
Amplitude 5-10°° -199,10 (88,84) -203,74 (82,91) 0,19 0,85 -210,97 (94,61)  -196,74 (83,34) 0,54 0,59
implicit time 5-10°* 25,59 (1,89) 29,66 (10,48) -2,22 0,03* 28,59 (9,32) 26,44 (5,27) -1,06 0,29
Amplitude 10-15°° -149,20 (62,52) -194,84 (69,75) 2,45 0,02* -189,67 (81,58)  -156,05(60,77) 1,64 0,11
implicit time10-15° 25,68 (3,20) 26,41 (7,78) -0,48 0,63 24,49 (2,43) 26,51 (5,95) 1,27 0,21
Amplitude > 15°° -162,69 (63,63) -192,59 (69,99) 1,58 0,12 -189,28 (76,08)  -167,15(62,89) 1,09 0,28
implicit time > 15°2 25,07 (1,80) 26,99 (6,42) -1,65 0,11 27,36 (7,24) 25,13 (1,70) -1,80 0,08
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mfERG P1 wave
Amplitude <2°°
implicit time <2° *
Amplitude 2-5°°
implicit time 2-5° 2
Amplitude 5-10°°
implicit time 5-10° *
Amplitude 10-15°°
implicit time 10-15° 2
Amplitude > 15°°

implicit time > 15° *

mfERG N2 wave
Amplitude < 2°°
implicit time <2° *
Amplitude 2-5°°
implicit time 2-5° 2
Amplitude 5-10°°
implicit time 5-10° *
Amplitude 10-15°°
implicit time 10-15° 2
Amplitude > 15°°

implicit time > 15° *

832,12 (306,21)
51,10 (3,94)
463,50 (148,54)
4734 (3,23)
346,10 (116,38)
43,87 (2,03)
338,77 (111,36)
44,17 (2,71)
360,03 (109,95)

43,84 (1,80)

-842,15 (314,50)
72,93 (3,91)
-390,64 (118,83)
70,02 (4,53)
-304,89 (94,42)
64,86 (5,60)
-321,65 (125,32)
68,47 (7,76)
-310,16 (95,84)

65,72 (7,28)

919,42 (299,92)
53,78 (11,03)
484,68 (142,47)
53,15 (24,07)
427,47 (119,59)
52,40 (24,53)
413,84 (106,93)
47,46 (13,52)
425,55 (113,30)

46,65 (11,06)

-1017,66 (334,74)
76,17 (17,25)
-430,26(107,86)
69,23 (14,20)
-387,97 (81,80)
65,72 (7,00)
-346,50(116,11)
71,74 (30,90)
-364,34(102,89)

69,06 (28,41)

-1,00
-1,30
-0,51
-1,40
2,42
2,03
2,39
-1,38
2,06

-1,46

1,90
-1,06
1,20
0,29
3,16
-0,46
0,71
-0,59
1,92

-0,65

0,32
0,20
0,62
0,17
0,02*
0,047*
0,02*
0,17
0,045%*

0,15

0,06
0,30
0,24
0,77
<0,01%
0,65
0,48
0,56
0,06

0,52

990,20 (293,88)
51,58 (8,95)
496,67 (158,45)
48,67 (12,71)
439,37 (130,77)
48,68 (16,04)
415,67 (120,47)
45,07 (7,96)
418,93 (125,64)

47,24 (12,48)

-1071,63 (349,68)
75,03 (17,98)
-427.00(122,11)
70,39 (15,86)
-390,86 (91,87)
67,19 (8,58)
-350,40(128,33)
70,39 (30,48)
-360,77(113,38)

71,27 (31,87)

813,37 (296,87)
52,22 (6,71)
461,00 (140,82)
49,71 (15,52)
349,96 (111,47)
46,23 (14,87)
345,95 (107,59)
45,46 (8,66)
369,54 (108,44)

43,90 (1,69)

-839,32(301,54)
73,72 (6,23)
-396.24(113,21)
69,47 (4,59)
-312,57 (92,53)
64,41 (5,43)
-322,72(119,65)
69,34 (13,03)
-317,28 (94,31)

65,19 (6,95)

-1,96
0,28
-0,80
0,23
-2,50
-0,53
2,05
0,15
-1,43

-1,64

2,41
-0,40
0,87
-0,33
2,71
-1,39
0,74
-0,18
1,43

1,12

0,06
0,78
0,43
0,82
0,02*
0,60
0,045%*
0,88
0,16

0,11

0,02*
0,69
0,39
0,75
0,01*
0,17
0,46
0,86
0,16

0,27

Table 3 : : SSRI+ group, n = 37: ERG from patients receiving SSRI treatment; SSRI group-, n = 19: ERG from patients not

receiving SSRI treatment; SNRI+ group, n = 15: ERG from patients receiving treatment with SNRI; SNRI - group, n = 41:

ERG of patients not benefiting from treatment with SNRI; * implicit time in ms ; ® amplitude in pV ; Student test ; *

significant differences.
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Table 4 : Comparison of ERG parameters according to treatment group for TCAD and BZD groups,

means and standard deviations

TCAD+group TCAD- group T p BZD+ group BZD- group T p
(n=9) (n=47) value (n=10) (n=22) value
PERG
NOS5 implicit time 100,72 (7,88) 98,67 (8,91) -0,64 0,53 98,72 (9,32) 100,41 (8,30) -0,48 0,64
NO95 amplitude -3,07 (0,89) -3,35(1,06) -0,72 0,47 -3,76 (1,24) -3,31 (1,15) -0,93 0,36
fERG scotopic 0,01
a-wave implicit time * | 36,54 (2,04) 34,34 (3,61) -1,77 0,08 33,76 (3,81) 34,37 (3,99) -0,37 0,71
a-wave amplitude ® -12,65 (9,46) -10,36 (8,60) 0,71 0,48 -11,44 (9,57) -8,51 (6,50) -0,95 0,35
b-wave implicit time* | 75,57 (3,39) 74,26 (12,53) -0,31 0,76 73,26 (6,00) 76,45 (17,10) -0,51 0,61
b-wave amplitude ® 149, 69 (53,00) 151,39 (61,19) 0,08 0,94 160,47 (46,58) 140,54 (70,26) 0,74 0,47
mfERG N1 wave
Amplitude <2°° -364,78 (154,66) -575,22(354,64) -1,74 0,09
implicit time <2°? 31,06 (11,32) 28,03 (3,81) -1,46 0,15
Amplitude 2-5°° -218,94 (53,04) -237,62(91,38)  -0,59 0,56
implicit time 2-5° 2 30,16 (10,67) 27,17 (5,75) -1,21 0,23
Amplitude 5-10°° -194,56 (42,85) -202,03 (92,68)  -0,24 0,81
implicit time 5-10° 2 28,86 (10,30) 26,68 (5,73) -0,89 0,38
Amplitude 10-15°° -184,44 (17,37) -161,70 (74,03) 0,91 0,37
implicit time10-15°* 28,57 (10,79) 25,41 (3,16) -1,67 0,10
Amplitude > 15°° -186,50 (35,40) -170,73 (71,66) 0,64 0,52
implicit time > 15° 2 25,10 (0,71) 25,89 (4,54) 0,52 0,60
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mfERG P1 wave

Amplitude <2°° 745,50 (182,06) 887,53 (319,53) 1,29 0,20
implicit time < 2° * 54,83 (11,77) 51,47 (6,10) -1,26 0,21
Amplitude 2-5°° 455,17 (55,67) 474,35 (157,85) 0,36 0,72
implicit time 2-5° 2 56,12 (31,85) 48,05 (7,75) -1,52 0,13
Amplitude 5-10°° 390,61 (42,51) 372,12 (133,65) -0,41 0,68
implicit time 5-10° * | 53,50 (30,48) 45,58 (9,58) -1,45 0,15
Amplitude 10-15°° 387,83 (42,80) 361,15 (124,24)  -0,63 0,53
implicit time 10-15° 2 | 48,78 (17,38) 44,64 (5,10) -1,36 0,18
Amplitude > 15°° 418,00 (45,04) 376,47 (123,25)  -0,99 0,33
implicit time > 15° * | 43,39 (0,98) 45,14 (7,43) 0,70 0,49
mfERG N2 wave

Amplitude <2°° -877,28 (201,88) -910,75(351,81)  -0,27 0,78
implicit time <2° ? 75,03 (10,86) 73,90 (10,81) -0,29 0,78
Amplitude 2-5°° -419,00 (41,53) -402,21(125,76) 0,39 0,70
implicit time 2-5° 2 65,21 (2,99) 70,68 (9,76) 1,65 0,10
Amplitude 5-10°° -352,56 (36,80) -329,69(106,29) 0,63 0,53
implicit time 5-10° * | 62,41 (4,20) 65,73 (6,74) 1,42 0,16
Amplitude 10-15°° -328,67 (47,22) -330,94(132,12)  -0,05 0,96
implicit time 10-15° 2 | 68,91 (24,02) 69,79 (18,48) 0,12 0,90
Amplitude > 15°° -359,06 (42,78) -323,56(108,41) 0,96 0,34
implicit time > 15° * | 61,27 (1,35) 68,07 (19,32) 1.05 0,30

Table 4 : TCAD+ group, n = 9: ERG from patients receiving treatment with TCAD; TCAD- group, n = 47: ERG from
patients not receiving treatment with TCAD; BZD+ group, n = 10: ERG from patients treated with SSRIs alone and receiving
treatment with benzodiazepine or gabaergic hypnotic; BZD- group, n = 22: ERG from patients treated with SSRIs alone and
not receiving treatment with benzodiazepine or gabaergic hypnotic;  implicit time in ms ; ® amplitude in uV ; Student test ; *

significant differences
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II1. DISCUSSION

Les hypotheses résultantes de notre étude peuvent étre résumées ainsi :

Table 5 : résumé des hypotheses résultantes de [’étude des effets des traitements antidépresseurs sur
Iélectrorétinogramme (ERG), pour les Inhibiteurs Sélectifs de la recapture de la Sérotonine (ISRS),
les Inhibiteurs de la Recapture de la Sérotonine et de la Noradrénaline (IRSNa) et les antidépresseurs

tricycliqgues (AD3C).

Classe d’antidépresseur Principales modifications de la fonction rétinienne associées a la
Mode d’action prise de I’antidépresseur
ISRS
Serotoninergique - Augmentation de I’amplitude de I’onde b du fERG photopique 3.0
IRSNa
Serotoninergique, - Augmentation de I’amplitude de I’onde b du fERG photopique 3.0
noradrénergique supérieure a celle induite par la prise d’ISRS
AD3C
Serotoninergique, - Augmentation de I’amplitude des ondes a et b du fERG flicker 3.0
noradrénergique, - diminution de I’amplitude de I’onde P50 du PERG
dopaminergique

Les modifications de 1’¢lectrorétinogramme (ERG) pourraient donc étre des
marqueurs de 1’effet des antidépresseurs. Fait intéressant, nous supposons que les Inhibiteurs
de la recapture de la Sérotonine (ISRS) ou les Inhibiteurs de la Recapture de la Sérotonine et
de la Noradrénaline (IRSNa), qui agissent sur la sérotonine ou la sérotonine-noradrénaline,
modifient le stade unique des cellules bipolaires (10), tandis que les antidépresseurs

tricycliques (AD3C) agissent sur plusieurs neurotransmetteurs — sérotonine, dopamine et
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noradrénaline-, ce qui pourrait expliquer que leur apport module la transmission compléete de
l'information rétinienne entre le cone et les cellules bipolaires (10). En effet, les récepteurs de
la Sérotonine sont localisés pour la plupart au niveau des cellules bipolaires (19) — la
Noradrénaline étant présente en quantité limitée dans la rétine (32)-, tandis que la Dopamine
est libérée par les cellules amacrines et active les récepteurs de la Dopamine D1 et D2 répartis

dans toute la rétine (18).

La localisation des récepteurs de la Dopamine et de la Sérotonine dans la rétine est

schématisée dans la figure 6.

-
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Figure 6 : Localisation simplifiée des récepteurs de la Dopamine et de la Sérotonine dans la rétine
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D’autres arguments sous-tendent que les anomalies ¢électro-physiologiques
rétiniennes refléteraient la modulation de la neurotransmission monoaminergique,
sérotoninergique et dopaminergique principalement, -la noradrénaline étant présente en
quantité limitée dans la rétine (32)-. La dopamine est la catécholamine la plus exprimée dans
la rétine. Elle a un role dans la physiologie rétinienne, pour 1’adaptation a la lumicre, la
trophicité, la rythmicité circadienne et la survie cellulaire notamment (18). Des études ERG
sur des patients atteints de la maladie de Parkinson, au cours de laquelle le fonctionnement
dopaminergique est altéré, ont montré que le gain de contraste en PERG pourrait étre un
marqueur de la neurotransmission dopaminergique rétinienne (33). Les différences de gain de
contraste en PERG observées entre les patients atteints de TDM et les témoins (29) et
résolutives au décours du TDM (30) pourraient donc étre le reflet de modifications de la
neurotransmission dopaminergique. Un argument supplémentaire en faveur de cette
hypothese est que la dopamine serait impliquée dans la physiopathologie de la dépression

(34).

Le deuxiéme neurotransmetteur détecté dans la rétine est la sérotonine qui joue
¢galement un role dans la physiologie rétinienne (19), ainsi que dans la physiopathologie du
trouble dépressif majeur (34). Plusieurs articles suggerent que des modulations de la voie
sérotoninergique auraient des effets sur le fERG. Par exemple, il a été observé que
I’administration de Duloxétine, un inhibiteur de la recapture de la Sérotonine et de la
Noradrénaline, a des patients atteints de TDM était associée a une diminution significative de
I’amplitude de ’onde b du fERG photopique et a I’amélioration des symptomes dépressifs
(35). La faible quantité¢ de Noradrénaline dans la rétine (32), et I’identification de récepteurs
sérotoninergiques dans les cellules bipolaires (19), dont le fonctionnement est reflété par le

fERG (10), suggerent que les modulations de la voie sérotoninergique pourraient étre
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traduites par des modification du fERG. Des études sur 1’animal ont confirmé que la
diminution de la sérotonine cérébrale chez des souris knockin a la tryptophane hydroxylase 2-
qui est un précurseur de la sérotonine- présentent des modifications de la latence de I’onde b
du fERG photopique (22). De méme 1'injection de sérotonine dans la cavité vitréenne du chat
a ¢été significativement associée a une modulation de 1'onde b d fERG photopique 3.0 (36).
Les dysfonctionnements cérébraux sérotoninergiques pourraient donc étre reflétés par le

fERG.

Or une hypothese physiopathologique est qu’une carence en monoamines (dopamine
et/ou sérotonine et/ou noradrénaline) pourrait €étre un substrat organique possible de la
dépression (34). Il s’agit probablement d’une vision simplifiée de la physiopathologie du
trouble dépressif majeur, mais le développement des antidépresseurs est basé sur cette
hypothése (31). Comme les éléments ci-dessus le montrent, 1’électrorétinogramme pourrait
donc refléter les modulations monoaminergiques liées directement a la dépression ou a
I’administration des traitements antidépresseurs. Ensemble, nos résultats et cette hypothése
suggerent, que 1’identification d’anomalies de ’ERG, avant traitement, pourrait orienter la
stratégie thérapeutique a condition de connaitre précisément les effets électro-
rétinographiques des antidépresseurs. Une étude a déja suggéré que 1’¢électrorétinogramme
pourrait permettre de prédire la réponse thérapeutique du patient a un traitement donné (35).
Dans cette étude, 60 mg de Duloxétine, un inhibiteur de la recapture de la sérotonine et de la
noradrénaline, ont été administrés a deux groupes de 20 sujets, un groupe de témoins et un
groupe de patients atteints d’'un TDM pendant 12 semaines. Au décours des 12 semaines de
traitement, 12 des 20 patients atteints de TDM avaient répondu positivement au traitement,
selon les scores de 1’échelle de dépression de Hamilton. Les auteurs se sont intéressés aux

éventuelles différences ERG qu’il y avait avant traitement entre les patients atteints de TDM
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répondeurs et ceux non-répondeurs au traitement. Ils se sont aper¢us que les patients ayant
répondu positivement au traitement par 60 mg de Duloxétine présentaient, avant traitement,
une amplitude de ’onde b du fERG scotopique et photopique 3.0 plus ¢élevée que les patients
non répondeurs avant traitement et les témoins (35). De plus seuls les répondeurs présentaient
une diminution significative de 1'amplitude des ondes b des batonnets de la ligne de base a la
semaine 12, a laquelle le traitement a pris fin, alors qu'il n'y a eu aucun changement dans les
résultats fERG des non-répondeurs (35). Cette étude suggere donc que le fERG pourrait non
seulement suivre 1’efficacité du traitement par Duloxétine mais aussi prédire sa réponse en

identifiant avant traitement les patients susceptibles ou non d’y répondre positivement.

Notre ¢étude, en montrant qu’il est possible d’identifier des effets électro-
rétinographiques des antidépresseurs, permet d’envisager 1’¢lectrorétinogramme comme un
futur outil de prédiction et donc d’orientation de la stratégie thérapeutique. Notre étude
présente des limites et des perspectives. Premierement, les patients ont eu plusieurs
traitements pharmacologiques, ce qui pouvait entrainer un biais de confusion. Néanmoins,
cette situation est fréquemment rencontrée dans les soins psychiatriques de routine et
correspond a une situation réelle. Les futures études devraient multiplier les associations
d'antidépresseurs afin d'individualiser les effets de différentes molécules tout en considérant
leurs interactions possibles. Deuxiémement, le nombre de sujets était faible, limitant ainsi
notre puissance statistique. Le nombre de sujets doit donc également Etre augmenté.
Troisiémement, a ce stade de I'étude, 1'aveugle n’a pas été levé et nous ne savons pas quels
patients ont bénéficié dun dispositif de luminothérapie actif ou d'un dispositif placebo. A

l'issue de cette étude, ces analyses seront reconduites en tenant compte de ce facteur.
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Nos résultats sont intéressants car ils offrent l'opportunité de considérer les
marqueurs ¢€lectro-physiologiques rétiniens comme indicateurs de la réponse thérapeutique
chez les patients déprimés en situation réelle de soins. Les investigations doivent donc étre
prolongées et répliquées afin de déterminer 1'effet précis des antidépresseurs sur 'ERG. Ces
résultats soutiennent €galement l'utilisation de 'ERG comme outil de surveillance et de

prédiction de la réponse thérapeutique dans le trouble dépressif majeur.
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RESUME DE LA THESE

Il s'agit de la premiére €tude, a notre connaissance, évaluant en conditions réelles les effets
rétiniens de divers antidépresseurs et benzodiazépines chez des humains atteints de troubles
dépressifs majeurs (TDM). Dans cette ¢tude, nous avons évalué les effets des antidépresseurs
et des benzodiazépines sur la fonction rétinienne en utilisant un électrorétinogramme flash
(fERG), pattern (PERG) et multifocal (mfERG) chez des patients atteints de TDM. Nous
avons trouvé une réduction de I’amplitude d'onde b du fERG photopique 3.0 chez les patients
traités avec des inhibiteurs sélectifs de la recapture de la sérotonine (ISRS). Nous avons
¢galement montré que la prise d'inhibiteurs de la recapture de la sérotonine et de la
noradrénaline (IRSNa) était associée a une diminution de la latence de I’onde P50 du PERG
et a une augmentation de 1'amplitude de 1'onde b du fERG photopique 3.0. Enfin, nous avons
constaté que la prise d'antidépresseurs tricycliques (AD3C) était associée a une augmentation
de l'amplitude des ondes a et b du fERG flicker 3.0. Sur la base de ces résultats, nous
soutenons que l'¢lectrophysiologie rétinienne peut fournir des marqueurs fiables et

reproductibles pour surveiller la réponse aux antidépresseurs et aux benzodiazépines.
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