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INTRODUCTION

Psychiatric disease is a serious public health problem, since it ranks third in disease frequency, after cancer and cardiovascular disease [START_REF]Mental health: new understanding[END_REF]. According to the World Health Organization (WHO), 25% of the world's population will experience mental problems at some point in their lives [START_REF] Saravane | Élaboration de recommandations pour le suivi somatique des patients atteints de pathologie mentale sévère[END_REF]. In addition, psychiatric disease is associated with a significant functional handicap and has major socio-professional repercussions. The pathophysiology of these disorders includes genetic factors, environmental factors and central nervous system (CNS) involvement, particularly abnormalities of neurotransmission.

Looking at current knowledge, it appears that the main neurotransmitter pathways that are altered in psychiatric disease are the dopamine, serotonin, glutamate and GABA axes [START_REF] Hamon | Monoamine neurocircuitry in depression and strategies for new treatments[END_REF][START_REF] Choudary | Altered cortical glutamatergic and GABAergic signal transmission with glial involvement in depression[END_REF]. A better understanding of these various pathways at the origin of psychiatric diseases constitutes a major current thrust in the neurosciences.

The retina is now considered a site pertinent to the study of neurotransmission in psychiatric and substance abuse disorders [START_REF] Lavoie | The brain through the retina: The flash electroretinogram as a tool to investigate psychiatric disorders[END_REF][START_REF] Schwitzer | The cannabinoid system and visual processing : A review on experimental findings and clinical presumptions[END_REF][START_REF] Laprevote | Flash electroretinogram and addictive disorders[END_REF]. Essentially, the retina is an integral part of the central nervous system, with which it shares the same embryologic origin. In addition, it is connected to the brain through the optic nerve made up of ganglion cell axons [START_REF] Hoon | Functional architecture of the retina: Development and disease[END_REF]. Retinal and cerebral neurons share similar anatomic and functional properties [START_REF] London | The retina as a window to the brain-from eye research to CNS disorders[END_REF]. Retinal neurons notably employ a system of neurotransmission resembling that in the brain. Furthermore, abnormalities of retinal structure and function have been seen in patients with psychiatric disease [START_REF] Schwitzer | The emerging field of retinal electrophysiological measurements in psychiatric research: A review of the findings and the perspectives in major depressive disorder[END_REF][START_REF] Schönfeldt-Lecuona | Optische Kohärenztomografie (OCT) -ein neues diagnostisches Instrument in der Psychiatrie ?[END_REF][START_REF] Schwitzer | Looking into the brain through the retinal ganglion cells in psychiatric disorders: A review of evidences[END_REF]. In this article, we address depression, bipolar disease and schizophrenia, which are among the most frequent psychiatric diseases in adults and the most concerning in modern times in terms of morbidity and disability [START_REF] Lamboy | La santé mentale : état des lieux et problématique[END_REF]. They thus represent the majority of the studies published currently on retinal structure and function in psychiatry.

For the study of the anatomic and functional properties of retinal neurons, we have a wide range of ancillary tests available in ophthalmology today. They have the advantage of being relatively noninvasive, quickly performed, easily reproducible, and able to provide reliable results which are comparable between patients. They allow us to study the retina from a purely anatomic point of view, through the thickness of each retinal layer as measured by optical coherence tomography (OCT), and from a purely functional point of view, through the electrical response of the retina to a light stimulus as recorded by an electroretinogram (ERG).

The use of these examinations in psychiatry represents an emerging subject in this field. Thus, our article aims to review the literature so as to compile a list of retinal abnormalities observed in patients with psychiatric disease such as depression, bipolar disorder and schizophrenia. This might provide a basis for one or more pathophysiologic hypotheses and to determine what role these studies may have in the diagnosis and monitoring of these psychiatric diseases.

MATERIALS & METHODS

In order to demonstrate the potential for use of these ophthalmological examinations in depression, bipolar disorder and schizophrenia, we performed searches on the Pubmed and Google Scholar data bases using the following key words ("ophthalmologic examinations" OR "optical coherence tomography" OR "electroretinogram" OR "flash electroretinogram" OR "pattern electroretinogram") AND "major depressive disorder" OR "depression" OR "mood disturbance" OR "bipolar disorder" OR "schizophrenia").

SUMMARY OF RESULTS

DEPRESSIVE DISORDER

Analysis of studies utilizing OCT (Table 1)

A decrease in the thickness of retinal layers in patients with depressive disease has been shown in several studies. Kalenderoglu et al. (14) showed lower ganglion cell layer (GCL) and inner plexiform layer (IPL) volumes in affected patients compared to controls. This decrease appears more severe in patients with higher disease severity scores. Two depression grading scales have been used: the Ham-D questionnaire, equivalent to the HDRS (Hamilton Depression Rating Scale) index, and the CGI (Clinical Global Impression) score, based on current symptomatology, behavior and impact of the disease on functionality. These results are in agreement with the study by Yildiz et al. [START_REF] Yıldız | Duration of the depressive episode is correlated with ganglion cell inner plexifrom layer and nasal retinal fiber layer thicknesses: Optical coherence tomography findings in major depression[END_REF], which found a negative correlation between thickness of the GCIPL (ganglion cell and inner plexiform layers) and the duration of the most recent depressive episode. This decrease in retinal thickness persists on antidepressant medication and appears more marked at the time of the first depressive episode. This retinal fiber atrophy might thus constitute cellular loss at the cerebral level in patients with depressive disorder. At present, no significant difference has been shown with regard to global peripapillary ganglion cell fiber (RNFL) thickness [START_REF] Yıldız | Duration of the depressive episode is correlated with ganglion cell inner plexifrom layer and nasal retinal fiber layer thicknesses: Optical coherence tomography findings in major depression[END_REF][START_REF] Sonmez | Retinal Nerve Fiber Layer Thickness Measurement by Spectral-Domain Optical Coherence Tomography in Patients with Major Depressive Disorder[END_REF][START_REF] Schönfeldt-Lecuona | Retinal changes in patients with major depressive disorder -A controlled optical coherence tomography study[END_REF]. However, volumetric cerebral imaging studies by MRI have revealed a loss of cortical gray matter in these patients [START_REF] Bora | Gray matter abnormalities in Major Depressive Disorder: A meta-analysis of voxel based morphometry studies[END_REF].

Analysis of studies utilizing fERG and PERG (Table 2)

A number of studies have demonstrated electrophysiologic abnormalities common to patients with depressive disease [START_REF] Schwitzer | The emerging field of retinal electrophysiological measurements in psychiatric research: A review of the findings and the perspectives in major depressive disorder[END_REF]. One of these, performed by Fountoulakis et al. [START_REF] Fountoulakis | Is there a dysfunction in the visual system of depressed patients?[END_REF], compared results of flash ERG performed in 50 depressed patients to 15 controls. It showed a positive correlation between disease severity as measured by the HDRS index and the increase in amplitude of the photopic b wave. This association between ERG parameters and depressive disease severity is confirmed by the presence of a significant lengthening of b wave peak time in patients with more marked symptomatology of depressive disorder according to the DSM-IV (Diagnostic and Statistical Manual of Mental Disorders).

Thus, ERG abnormalities might provide clinical information complementary to the history performed by a physician and might help to characterize the depressive status of the patient. This hypothesis is supported by a more recent study [START_REF] Hébert | Electroretinographic anomalies in medicated and drug free patients with major depression: Tagging the developmental roots of major psychiatric disorders[END_REF] of 100 patients with depressive disorder, 83 of which were treated with antidepressants (serotonin and/or norepinephrine reuptake inhibitors, tetracyclics) or antipsychotics, compared to an equal number of controls. It found a decrease in a and b wave amplitudes on scotopic 3.0 ERG sequence in all the patients with depressive disorder. These results differ between medicated and treatment-naïve patients on photopic 3.0 sequence. An increase in b wave peak time was observed only in the 83 medicated patients and might be related to a potential effect of the medication. The decrease in a and b wave amplitude persisted only in the 17 unmedicated patients, suggesting a possible normalization of the cone response once adapted to medication.

The team of Fornaro et al. [START_REF] Fornaro | Electroretinographic assessment in major depressed patients receiving duloxetine: Might differences between responders and non-responders indicate a differential biological background?[END_REF] studied ERG results of 20 patients with depressive disorder compared to an equal number of controls, before and after three months of antidepressant treatment.

Only 12 patients were duloxetine responders by HDRS index and showed particular scotopic b wave amplitude kinetics. Prior to treatment, they showed an increase in b wave amplitude compared to controls and non-responders, which normalized by the end of the follow-up period. This seems to confirm the hypothesis of a difference in sensitivity to neurotransmitters, in particular serotonin and norepinephrine, whose reuptake is modulated by duloxetine in patients who respond to the antidepressant medication. ERG may thus be an interesting screening test to predict the response to proposed pharmacologic therapy in the management of depressive disorder [START_REF] Schwitzer | The emerging field of retinal electrophysiological measurements in psychiatric research: A review of the findings and the perspectives in major depressive disorder[END_REF].

Bubl et al. studied the function of retinal ganglion cells by performing pattern ERG in 40 patients

with depressive disorder and 40 controls [START_REF] Bubl | Seeing Gray When Feeling Blue? Depression Can Be Measured in the Eye of the Diseased[END_REF]. They found a decrease in retinal contrast sensitivity in patients with depressive disorder, whether on medication or not. These results agree with those obtained by visual evoked potentials (VEP) in the same group of patients [START_REF] Bubl | Retinal dysfunction of contrast processing in major depression also apparent in cortical activity[END_REF]. Patients with depressive disorder thus appear to exhibit decreased retinal contrast sensitivity, negatively correlated with clinical depression severity scores (BDI, Beck Depression Inventory and Ham-D). This suggests that depressive disorder might be manifested by a double involvement: retinal, as shown on PERG, and cortical, as shown on VEP.

This group of studies has demonstrated characteristic ERG abnormalities. This test would thus appear to be useful for monitoring, from the initial stage throughout the course of treatment of the disease.

BIPOLAR DISORDER (Table 3)

Analysis of studies utilizing OCT

A decrease in peripapillary ganglion cell fiber thickness is frequently found in patients with bipolar disease. One study compared 43 patients with bipolar disease in the euthymic phase (no abnormal mood in the 6 months preceding the study) to an equal number of controls. OCT measurements included global and quadrant peripapillary thickness, GCL thickness and mean choroidal thickness. It was able to demonstrate a significant decrease in the RNFL and GCL in patients with bipolar disorder [START_REF] Kalenderoglu | Can the retinal ganglion cell layer (GCL) volume be a new marker to detect neurodegeneration in bipolar disorder?[END_REF]. They were negatively correlated with disease duration as well as severity defined by YMRS (Young Mania Rating Scale) and CGI scores. The same year, Mehraban et al. [START_REF] Mehraban | Peripapillary retinal nerve fiber layer thickness in bipolar disorder[END_REF] studied the total RNFL in 30 patients with bipolar disease compared to an equal number of healthy subjects.

They showed a negative correlation between total RNFL and disease duration in patients followed for a mean of 10.6 years. A difference between the 2 groups was found in terms of the proportions of smokers and non-smokers. However, the hypothesis of smoking as a confounding factor was excluded, as no relationship between retinal thickness and smoking was observed. These results suggest progressive axonal degeneration, demonstrated by GCL thinning and retinal atrophy beginning with the first episode (manic or depressive), which increases with disease duration and severity. The longer the time since the onset of bipolar disorder, the greater the decrease in measured retinal fiber thickness.

Analysis of studies utilizing ERG

The team of Balogh et al. evaluated the effects of bipolar disorder on the retina by studying cone activity. In this study, a flash ERG was performed after a period of light adaptation in 17 patients with bipolar disorder compared to 20 controls [START_REF] Balogh | Retinal dysfunctions in schizophrenia[END_REF]. No significant difference was shown with regard to the a wave amplitude, that of the b wave, or their peak times. However, since no dark-adapted measurements were performed, so as to shorten the examination and render it more tolerable, total photoreceptor activity could not be analyzed. This may explain why, at present, retinal electrophysiology has shown no abnormalities in bipolar patients [START_REF] Lavoie | The brain through the retina: The flash electroretinogram as a tool to investigate psychiatric disorders[END_REF]. These results deserve to be complemented by simultaneous analysis of the cones and rods, while recognizing the risk of artifact under scotopic conditions, with the b wave being more readily influenced by dopaminergic medications [START_REF] Holopigian | The effects of dopamine blockade on the human flash electroretinogram[END_REF]. Other studies of larger groups with a more complete electrophysiologic examination might be able to demonstrate abnormalities characteristic of patients with bipolar disorder.

SCHIZOPHRENIA Schizophrenia & OCT (Table 4)

More recently, studies have looked at the role of OCT in the analysis of schizophrenia. Three of them have demonstrated a significant decrease in global peripapillary ganglion fiber thickness in patients with schizophrenia compared to controls [START_REF] Celik | Decreases in ganglion cell layer and inner plexiform layer volumes correlate better with disease severity in schizophrenia patients than retinal nerve fiber layer thickness: Findings from spectral optic coherence tomography[END_REF][START_REF] Ascaso | Retinal nerve fiber layer and macular thickness in patients with schizophrenia: Influence of recent illness episodes[END_REF][START_REF] Lee | Retinal Nerve Fiber Layer Structure Abnormalities in Schizophrenia and Its Relationship to Disease State: Evidence From Optical Coherence Tomography RNFL Structure in Schizophrenia[END_REF]. The most recent compared 81 schizophrenia patients, including 41 responders to medication and 40 deemed medication-resistant (no clinical response to at least 2 antipsychotics at an adequate dose for at least 6 weeks), to 41 healthy volunteers.

The antipsychotic medications included clozapine, risperidone, olanzapine, zuclopenthixol, haloperidol, chlorpromazine, amisulpride and paliperidone. This study found a decrease in ganglion cell and inner plexiform layer thickness in patients with schizophrenia. A decrease in mean choroidal thickness was also shown in medication-resistant patients compared to responders [START_REF] Celik | Decreases in ganglion cell layer and inner plexiform layer volumes correlate better with disease severity in schizophrenia patients than retinal nerve fiber layer thickness: Findings from spectral optic coherence tomography[END_REF]. These results correlated negatively with several parameters of disease severity, such as disease duration, PANNS (Positive and Negative Syndrome Scale) and CGI severity scores, and number of admissions related to the disease. This decrease in retinal thickness is confirmed at the macular level as well, with a foveolar thickness [START_REF] Samani | Retinal Layer Abnormalities as Biomarkers of Schizophrenia[END_REF] and macular volume lower in these patients than in healthy controls [START_REF] Ascaso | Retinal nerve fiber layer and macular thickness in patients with schizophrenia: Influence of recent illness episodes[END_REF][START_REF] Lee | Retinal Nerve Fiber Layer Structure Abnormalities in Schizophrenia and Its Relationship to Disease State: Evidence From Optical Coherence Tomography RNFL Structure in Schizophrenia[END_REF]. It is even greater the longer and more severe the disease becomes, which may explain the absence of significant difference in the very first study performed by Chu et al. [START_REF] Chu | A window into the brain: An in vivo study of the retina in schizophrenia using optical coherence tomography[END_REF]. In fact, it was performed on 49 patients with schizophrenia or schizoaffective disorder followed for a mean of only 4.4 years (+/-3.6), compared to a follow-up of over 10 years in the subsequent studies. Thus, disease progression appears to be accompanied by progressive axonal loss in schizophrenia [START_REF] Schönfeldt-Lecuona | From Imaging the Brain to Imaging the Retina: Optical Coherence Tomography (OCT) in Schizophrenia[END_REF].

Schizophrenia & ERG (Table 5)

The performance of a global ERG initially was able to show a decrease in scotopic a and b wave amplitude on 3.0 flash ERG, and a decrease in only the a wave amplitude on the photopic ERG sequence, by comparing 9 schizophrenia patients with 9 age-and sex-matched controls [START_REF] Warner | Retinal function as a marker for cell membrane omega-3 fatty acid depletion in schizophrenia: a pilot study[END_REF]. Similarly, the team of Balogh et al. found a significant decrease in a-wave amplitude on photopic flash ERG in 26 schizophrenia patients compared to 20 controls [START_REF] Balogh | Retinal dysfunctions in schizophrenia[END_REF]. In the acute stage of the disease, they found a negative correlation between the a wave amplitude and patient symptomatology, characterized by the PANSS score, which is consistent with the more recent study by Demmin et al. [START_REF] Demmin | Electroretinographic anomalies in schizophrenia[END_REF]. Then, the examination was repeated throughout follow-up, and after a mean of 4.6 weeks of antipsychotic treatment, the ERG normalized, with no significant difference between the 2 groups.

These results have been confirmed on a larger sample, with a decrease in scotopic b amplitude, photopic a and b waves, and an increase in b wave peak time in 105 schizophrenia patients compared to 150 controls [START_REF] Hébert | Light evoked potentials measured by electroretinogram may tap into the neurodevelopmental roots of schizophrenia[END_REF]. Thus, all of these studies show a decrease in cone response and bipolar cell activity, common to patients with schizophrenia. They point to a dysfunction in retinal synaptic transmission, causing an early defect in visual image processing in the acute stage of the disease, which may then regress in response to adapted pharmacotherapy.

DISCUSSION

This group of studies appears to show that retinal structure and function in patients with depression, bipolar disorder or schizophrenia may support several hypotheses regarding the pathophysiology of these conditions.

From an anatomic point of view, we have seen a loss of retinal fibers in patients with depressive disorder, bipolar disorder or schizophrenia [START_REF] Pan | Retinal nerve fiber layer thickness changes in Schizophrenia: A meta-analysis of case-control studies[END_REF], with a decrease in global RNFL thickness or total macular volume on OCT. Indeed, work on multiple sclerosis has already demonstrated the utility of OCT as an indicator of cerebral neuronal tissue lesions [START_REF] Saidha | Optical coherence tomography reflects brain atrophy in multiple sclerosis: A four-year study: Retinal Atrophy Reflects Brain Atrophy in MS[END_REF]. These results may thus be correlated with the numerous neuroimaging studies already performed, which have been able to show a decrease in gray matter density in the amygdala, anterior cingular cortex, prefrontal cortex and hippocampus, explaining the occasional memory issues in certain patients with depressive disorder [START_REF] Bora | Gray matter abnormalities in Major Depressive Disorder: A meta-analysis of voxel based morphometry studies[END_REF][START_REF] Campbell | The role of the hippocampus in the pathophysiology of major depression[END_REF][START_REF] Arnone | Magnetic resonance imaging studies in unipolar depression[END_REF][START_REF] Kempton | Structural Neuroimaging Studies in Major Depressive Disorder: Meta-analysis and Comparison With Bipolar Disorder[END_REF]. The anterior cingular cortex also plays a key role in the regulation of mood, with evidence of a decrease in its volume in patients with depressive disorder [START_REF] Hajek | Reduced subgenual cingulate volumes in mood disorders: a meta-analysis[END_REF]. This cerebral cell loss also appears to increase over time [START_REF] Frodl | Depression-Related Variation in Brain Morphology Over 3 Years[END_REF], suggesting progressive neurodegenerative involvement. It has also been shown that this decrease in total RNFL is correlated with the number of manic or depressive relapses in bipolar disorder, corresponding to a disease severity factor [START_REF] Moorhead | Progressive Gray Matter Loss in Patients with Bipolar Disorder[END_REF]. This hypothesis might be explained by an initial inflammatory process [START_REF] Zorrilla | The Relationship of Depression and Stressors to Immunological Assays: A Meta-Analytic Review[END_REF], which would cause secondary glial degeneration, similar to that seen in degenerative neurologic diseases such as Alzheimer's (46) or Parkinson's. In fact, an increase in cerebrospinal fluid and blood cytokines has been demonstrated in patients in the acute stage of depressive disorder [START_REF] Raison | Cytokines sing the blues: inflammation and the pathogenesis of depression[END_REF], which may explain the significant increase in mean choroidal thickness observed in depressive patients at the time of their first episode.

From a functional point of view, retinal electrophysiologic testing has been able to show abnormalities in photoreceptor response, with a decrease in a and b wave amplitude, but different characteristics depending on the presence of depressive disorder [START_REF] Schwitzer | The emerging field of retinal electrophysiological measurements in psychiatric research: A review of the findings and the perspectives in major depressive disorder[END_REF] or schizophrenia [START_REF] Balogh | Retinal dysfunctions in schizophrenia[END_REF]. The retinal abnormalities found might thus reflect a defect in neurotransmission. Indeed, we know that retinal function shares similar properties with brain function, notably the neurotransmission system, mediated by numerous neurotransmitters such as dopamine, serotonin, glutamate and gamma-aminobutyric acid (GABA) [START_REF] Hoon | Functional architecture of the retina: Development and disease[END_REF].

Currently, the most agreed upon pathophysiologic explanation is that of a defect in transmission of monoamines in patients with depressive disorder. The majority of antidepressants are based on this theory [START_REF] Hamon | Monoamine neurocircuitry in depression and strategies for new treatments[END_REF][START_REF] Thase | Molecules that mediate mood[END_REF][START_REF] Belmaker | Major depressive disorder[END_REF][START_REF] Aan Het Rot | Neurobiological mechanisms in major depressive disorder[END_REF][START_REF] Friedman | Antidepressants' black-box warning--10 years later[END_REF]. A meta-analysis also confirms that a monoamine deficiency may be responsible for a state more vulnerable to the advent of major depressive disorder [START_REF] Ruhe | Mood is indirectly related to serotonin, norepinephrine and dopamine levels in humans: a meta-analysis of monoamine depletion studies[END_REF]. However, the absence of complete remission on monotherapy leads us to consider that the monoamine transmission defect cannot alone explain the pathophysiology of depressive disorder, and to thus consider the involvement of other factors of neurotransmission. Among the more important is dopamine, the primary monoamine expressed in the retina, responsible for retinal contrast sensitivity [START_REF] Djamgoz | Neurobiology of retinal dopamine in relation to degenerative states of the tissue[END_REF]. The decrease in contrast sensitivity observed in patients with depressive disorder has allowed the hypothesis of a defect in dopaminergic neurotransmission, which still remains to be confirmed [START_REF] Schwitzer | The emerging field of retinal electrophysiological measurements in psychiatric research: A review of the findings and the perspectives in major depressive disorder[END_REF].

Another neuromediator widely present in the retina and implicated in retinal image processing, glutamate is currently a pathophysiologic area of interest in depressive disorder and schizophrenia [START_REF] Schwartz | Glutamate Neurocircuitry: Theoretical Underpinnings in Schizophrenia[END_REF].

In the brain, it is indispensable for cellular survival and growth, and activates the excitatory pathways linking the cortex, limbic system and thalamus, cerebral regions affected in schizophrenia [START_REF] Heckers | Functional imaging of memory retrieval in deficit vs nondeficit schizophrenia[END_REF][START_REF] Heckers | Abnormalities in the thalamus and prefrontal cortex during episodic object recognition in schizophrenia[END_REF].

Several post-mortem studies comparing cerebral glutamate levels between subjects with schizophrenia and control subjects show conflicting results [START_REF] Perry | Normal cerebrospinal fluid and brain glutamate levels in schizophrenia do not support the hypothesis of glutamatergic neuronal dysfunction[END_REF][START_REF] Tsai | Abnormal excitatory neurotransmitter metabolism in schizophrenic brains[END_REF]. Nonetheless, the clinical impact of stimulation or blockage of the N-methyl-D-aspartic (NMDA) subtype of the glutamate receptor on the symptomatology of normal subjects and subjects with schizophrenia (59) encourages us to consider the role of glutamate in the onset of this disease. Conversely, in patients with depressive disorder or bipolar disorder, glutamate levels were significantly higher than in the control group [START_REF] Hashimoto | Increased Levels of Glutamate in Brains from Patients with Mood Disorders[END_REF]. These results might be explainable by conservation of glutamate secondary to the use of thymoregulators (lithium, sodium valproate), masking a probable deficit. Indeed, glutamate, which is secreted by the photoreceptors, is responsible for either a hyperpolarization or depolarization of post-synaptic retinal cells (horizontal and bipolar cells). Thus, these variations in concentration may be responsible for the abnormalities observed on ERG is patients with depressive disorder, bipolar disorder or schizophrenia. The recent meta-analysis by the team of Treen et al. [START_REF] Treen | Are there glutamate abnormalities in subjects at high risk mental state for psychosis? A review of the evidence[END_REF] supports this idea, bringing together several studies which show significant changes in glutamate metabolites within the brain (frontal lobe, thalamus and associative striatum) in patients at risk of developing psychosis (patients with a first-degree relative with psychotic disease or schizoid personality disorder associated with a significant decrease in functioning during the preceding year) [START_REF] Tibbo | 3-T Proton MRS Investigation of Glutamate and Glutamine in Adolescents at High Genetic Risk for Schizophrenia[END_REF][START_REF] Stone | Glutamate Dysfunction in People with Prodromal Symptoms of Psychosis: Relationship to Gray Matter Volume[END_REF].

Another hypothesis remains to be explored to explain the loss of retinal fibers and electrophysiologic abnormalities shown at the photoreceptor level: that of a phospholipid deficit within the neuronal cell membranes, in particular, essential fatty acids. Among these, docosahexaenoic acid (DHA) is normally found in particularly high concentrations in the membranes of the photoreceptor outer segments, which is not the case in schizophrenia patients, in whom an enhanced degradation of these phospholipids has been demonstrated in the frontal cortex by magnetic resonance spectroscopy [START_REF] Pettegrew | Alterations in brain high-energy phosphate and membrane phospholipid metabolism in firstepisode, drug-naive schizophrenics. A pilot study of the dorsal prefrontal cortex by in vivo phosphorus 31 nuclear magnetic resonance spectroscopy[END_REF].

A mechanism of oxidative stress might be responsible for photoreceptor apoptosis through activation of phospholipase C in patients treated with selective serotonin reuptake inhibitors [START_REF] Trindade | Adverse effects associated with selective serotonin reuptake inhibitors and tricyclic antidepressants: a meta-analysis[END_REF][START_REF] Guclu | Effects of Selective Serotonin Reuptake Inhibitors on Macular Ganglion Cell Complex Thickness and Peripapillary Retinal Nerve Fiber Layer Thickness[END_REF], explaining the decrease in central foveal and RNFL thickness.

All of the studies performed confirm retinal involvement in psychiatric disease. They support the idea of a multitude of interconnected systems of neurotransmission and thus the role for retinal testing for a better understanding of the pathophysiology of psychiatric diseases (depressive disorder, bipolar disorder and schizophrenia) through anatomic and functional analysis of the retina.

CONCLUSION

Psychiatric diseases such as depressive disorder, bipolar disorder and schizophrenia are very heterogeneous in their clinical presentation and course, which probably underlies the various pathophysiologic profiles. They result from a complex interaction between genetic and environmental factors and changes in the brain. Nonetheless, we observe that a number of studies provide increasing support in favor of a process of functional and structural neuronal loss, which might be secondary to abnormalities present in the molecular pathways of neurotransmission.

The retina, which is an anatomic and functional extension of the CNS, thus constitutes an ideal site of research, offering us a complex neuronal network for which the anatomic and functional properties may be studied. As opposed to cerebral imaging, in ophthalmology we have simple, low-cost, accessible and easily reproducible examinations such as OCT to indirectly measure axonal and gray matter loss, as has already been performed in neurologic diseases such as Alzheimer's, Parkinson's or multiple sclerosis. With regard to ERG, it allows us to assess functional retinal involvement and direct molecular studies of the neurotransmitter system.

The collection of studies presented here, performed in patients with psychiatric disease, already suggests that anatomic and functional analysis of retinal neurons might provide useful tools for diagnosis and monitoring of psychiatric disease, as potential markers of neuronal degeneration and thus of the

various stages of disease progression. However, these data need to be confirmed by studies of retinal structure and function in larger patient populations with longer follow-up.
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