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Abstract

Optical coherence tomography (OCT) is a non-invasive imaging technique 
recently used to investigate neurodegenerative disorders, such as Alzheimer’s 
disease, Parkinson’s disease or multiple sclerosis. Over the last years it has been 
used in schizophrenia research due to the potential utility of its measurements 
as biomarkers of the disease. From the first publication by Ascaso et al. (Eur J 
Psychiat. 2010) until now, a number of papers have been published regarding 
this topic. Although the majority of them have found a reduction in the thickness 
or the volume of some retinal and optic nerve structures, there have also been 
some results with contradictory data. These could be due on the one hand to 
methodological factors such as the use of different OCT devices or the inclusion/
exclusion criteria. On the other hand, there could be an important limitation due to 
the fact that the different stages of the disorder and their different neurobiological 
correlates and biomarkers were not taken into consideration. Future longitudinal 
studies, that begin the assessments in the first psychotic episode (or even before, in 
ultra-high risk population) are needed in order to clarify the potential role of some 
OCT measures as biomarkers in schizophrenia.     

Introduction
Optical coherence tomography (OCT) is a non-invasive imaging 

technique that provides high-resolution cross-sectional images of 
the retinal nerve fiber layer (RNFL) and optic nerve head (see figures 
1,2). This technique was first described by Huang et al.1 from the 
Massachusetts Institute of Technology. The retina is anatomically and 
developmentally an extension of the central nervous system (CNS). Due 
to this fact, the retina is considered to be part of the CNS, and some 
authors have considered OCT as a “window into the brain”2,3. Several 
reports have been published showing a significant reduction in RNFL 
thickness and other retinal structures in some neurological disorders 
such as Alzheimer´s disease4-8, mild cognitive impairment7,9-11, multiple 
sclerosis12-14, or Parkinson´s disease15-20. Also, the OCT technique 
has been used in the study of some neuropsychiatric disorders as 
depression21,22, fibromyalgia23,24, anorexia nervosa25, bipolar disorder26-28, 
and schizophrenia. 

Studies of OCT in Schizophrenia
Regarding schizophrenia, the first paper published by Ascaso et al.29 

assessed retinal nerve fiber layer (RNFL) thickness in 10 patients affected 
by schizophrenia compared with 10 age-matched controls. The authors 
found that patients with schizophrenia showed a statistically significant 
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Figure 1: Measurement of retinal nerve fiber layer (RNFL) thicknesses with OCT.
1. A circle is drawn around the optic disc to measure peripapillary RNFL thickness.
2. A picture demonstrating the RNFL.
3. Seven measurements are performed for each eye, providing the RNFL thicknesses of the nasal superior (NS), nasal (N), nasal-inferior
(N) temporal inferior (TI), Temporal (T), temporal superior (TS) and global (G) sectors.
4. RNFL thickness map.

Figure 2: Anatomical correspondence between retinal layers and OCT: Retinal nerve fiver Layer (RNFL), ganglion cell layer (GCL), 
inner plexiform layer (IPL), retinal pigment epithelium (RPE), Choroid (Ch) and choroid-sclera junction. Measurement of the choroidal 
thickness:  perpendicular line (middle yellow line) is drawn subfoveal from the outer edge of retinal pigment epithelium to the choroid-
sclera junction.
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reduction of the overall RNFL thickness compared with 
controls. This reduction was observed in peripapillary 
RNFL thickness in the nasal quadrant in patients with 
schizophrenia, however the remaining peripapillary RNFL 
quadrants, the macular thickness and volume did not 
reveal differences between both groups. Although they 
used a small sample, the results were in the line of other 
studies in neurodegenerative disorders.  However, the 
second published paper on this topic by Chu et al.30 did 
not find similar results. This study was carried out in 49 
patients (38 with schizophrenia and 11 with schizoaffective 
disorder) compared with 40 healthy controls matched for 
age and gender. The authors found no differences between 
patients and controls in the whole RNFL thickness and in 
macular volume. The only difference found was that RNFL 
in the right nasal quadrant of the schizoaffective patients 
was thinner than in patients with schizophrenia.  In the 
patient’s group, the positive symptom severity assessed 
with the Schedule for the Assessment of Positive Symptoms 
(SAPS) was associated with a smaller macular volume. The 
difference found in these results compared to the work 
of Ascaso et al.29 could be attributed to the fact that they 
included patients with schizoaffective disorder and with a 
shorter mean illness duration.

In this controversial scenario, the work of Lee et al.31 
seemed to support the results of reduction in thickness of 
retinal structures. It was carried out in 30 patients with 
schizophrenia and 30 age-matched controls. The authors 
found that the patients with schizophrenia showed a 
statistically significant reduction in overall peripapillary 
RNFL thickness, macular thickness, and macular volume 
compared with controls. They described that these 
findings occurred in patients with a duration of more than 
2 years (but there were only 5 patients with a duration 
of illness of less than 2 years in this study). Furthermore, 
they also found that there was a negative correlation 
between peripapillary RNFL thickness, macular thickness, 
and macular volume reduction and the duration of 
schizophrenic illness. However, in the paper it is not clearly 
explained whether these results were age-corrected. Age 
may be a confounding factor since a thinning of retinal 
structures is observed with increasing age32,33 and this could 
affect the results. The study of Yilmaz et al.34 also seemed 
to support the results according to the neurodegenerative 
hypothesis. They compared measurements of peripapillary 
RNFL thickness, macular thickness, and macular volume in 
34 patients with schizophrenia and 30 randomly selected 
healthy volunteers. They found that average and nasal 
RNFL thicknesses were significantly lower in the patient 
group than in the control group; and macular thickness in 
the nasal outer and inferior outer quadrants in the patient 
group were significantly lower than in the control group. 

The new work published by Ascaso et al.35 introduced a 

very important methodological improvement: it took into 
account the clinical stage of 30 patients with schizophrenia. 
They evaluated the differences between 10 recent illness 
episode (RIE) schizophrenia patients, 20 non-recent illness 
episode (NRIE), and 30 matched controls. As a whole 
group, the patients had a significantly thinner retinal nerve 
fiber layer (RNFL) in overall measurements, and in the 
nasal, superior and inferior quadrants. Macular inner ring 
thickness and macular volume were also significantly lower 
in patients than in controls. However, when patients were 
compared with controls, only NRIE (but not RIE) patients 
had significantly reduced RNFL overall measures, superior 
RNFL, nasal RNFL, macular volume, and macular inner 
ring thickness. Thus, retinal parameters observed using 
OCT in schizophrenia patients could be different according 
to clinical status. These results, taking into account the 
clinical stage, could explain the contradictory results 
found previously. The authors proposed the hypothesis 
that the ongoing inflammatory processes during the acute 
psychotic episodes could also affect the retina, increasing 
its thickness, and that this fact could mask the RNFL 
thinning in these patients. Finally, contrary to the results of 
Lee et al.31, the authors did not find significant correlation 
between illness duration and retinal measurements, but in 
this work the results were controlled for age.

The technological advances in OCT devices resulted in 
the possibility of segmentation of the retina in the ganglion 
cell layer (GCL) and the inner plexiform layer (IPL). The 
GCL is the part of the retina constituted by ganglion cell 
bodies, and IPL is constituted by ganglion cell dendrites. 
Celik et al.36 carried out a study with RNFL thickness and 
with the segmentation of the retina in the GCL and the 
IPL. The authors compared the retinal measurements in 
40 treatment-refractory patients with schizophrenia, 41 
treatment responsive patients and 41 controls. They also 
studied the correlation between these measurements 
and the disease severity (assessed with the Positive and 
Negative Syndrome Scale (PANSS), the Clinical Global 
Impression (CGI), the disease duration, and the number 
of hospitalizations). They found that the global RNFL 
thickness was decreased in the patients with schizophrenia 
compared with the controls. Also, this decrement was 
found in both GCL and IPL volumes. In addition, although 
no differences were found in the RNFL measurements 
between the treatment-resistant and treatment-responsive 
patients, the GCL and IPL volumes were lower in the 
treatment-refractory patients compared to the treatment-
responsive patients. Finally, regarding the relationship 
between retinal measurements and clinical variables, they 
found no correlation between the RNFL and the disease 
parameters; however significant negative correlations 
were found between both the GCL and IPL volumes with 
almost all clinical severity variables.
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A critical point of view regarding the results that 
found alterations in retinal structures of patients with 
schizophrenia was shown by Silverstein et al.37. They 
hypothesized that these results could be due to the existence 
of medical comorbidities frequently present in patients with 
schizophrenia that affect the retina measurements, such 
as diabetes or hypertension. In their work, they assessed 
RNFL, macula and ganglion cell-inner plexiform layer 
(GCL-IPL) thickness, in 32 patients with schizophrenia and 
32 matched controls. They also assessed cup volume and 
the cup-to-disc ratio at the optic nerve head. The first could 
be an indicator of the overall size of the optic nerve, and the 
cup-to-disc ratio, if it is enlarged, can reflect neural tissue 
loss, vascular abnormalities, inflammation, or an enlarged 
optic nerve. No differences were found in RNFL, macula, 
or GCL-IPL thickness. However, thinning of these layers 
was related to the presence of diabetes or hypertension 
across the sample as a whole (regardless of whether 
they had or did not have schizophrenia). Regarding the 
optic nerve head measurements, the schizophrenia group 
demonstrated enlarged cup volume and an enlarged cup-
to-disc ratio in both eyes, which were unrelated to medical 
comorbidity, but were related to increased cognitive 
symptoms (assessed using the PANSS cognitive factor). The 
authors concluded that previous reports of retinal thinning 
may be artifacts of medical comorbidities and proposed 
the use of optic nerve head abnormalities as biomarkers of 
central nervous system abnormalities illnesses, including 
cognitive dysfunction.

The recent work of Topcu-Yilmaz et al.38 (2018) was 
carried out with inpatients. The authors assessed RNFL, 
macular, and subfoveal choroidal thickness (CT) in 59 
inpatients with schizophrenia and 36 age and gender-
matched controls. They found that the macular thickness in 
the superior inner, nasal inner, inferior inner, temporal inner 
and temporal outer segments was significantly decreased 
in schizophrenic patients. However, no differences in 
RNFL thickness and CT thickness measurements were 
found between patients and controls. There was no 
significant correlation found between clinical variables 
(illness duration, PANSS score, CGI score) and either RNFL 
thickness or macular thickness measurements. The only 
correlation, weak and negative, was found between disease 
duration and CT. The clinical stage of this sample of patients 
(inpatients) makes it difficult to compare these results with 
those of studies carried out with outpatients, presumably 
in the non-acute stage.

More recent advances in OCT scan resolution have 
allowed the measurement of thickness of all individual 
retinal layers using image segmentation. Samani et al.39 
(2018) assessed, for the first time, all individual retinal 
layers thickness at 3 macular regions in 35 patients with 
schizophrenia and 50 demographically matched controls. 
They looked for correlations between retinal layer 

measurements and symptoms severity, visual contrast 
sensitivity, illness duration, and the dose of antipsychotic 
drugs. They found that total retinal and photoreceptor 
complex thickness was reduced in patients in all regions. 
Segmentation revealed consistent thinning of the outer 
nuclear layer and inner segment layer, as well as a pattern 
of parafoveal ganglion cell changes. The authors found 
that retinal layer abnormalities were related to negative 
symptoms and to visual contrast sensitivity. Thus, negative 
symptom severity was inversely correlated with foveal 
photoreceptor complex thickness and outer nuclear layer 
thickness; and low spatial frequency contrast sensitivity 
was reduced in patients and correlated with temporal 
parafoveal ganglion cell complex thinning. 

Conclusion
OCT is a non-invasive imaging technique useful for 

approaching the study of the CNS in some neurodegenerative 
disorders like Parkinson´s disease15-20, Alzheimer´s disease4-8, 
or multiple sclerosis12-14. The measurements of the retinal 
layers, the macular thickness, or the optic nerve head have 
been proposed as biological markers of neurodegenerative 
diseases or their evolution40,41. OCT applied to schizophrenia 
has produced interesting results, but some of the published 
works showed apparently opposite results. In general 
terms, the results coincide with those found in other 
neurodegenerative disorders: a reduced thickness in global 
RNFL (or some of its quadrants) or other retinal layers, 
and similar reductions in macular thickness and volume 
and optic nerve abnormalities. However, not all published 
studies have found similar results.

This could be due to methodological factors such as the 
use of different OCT devices, differences in the inclusion/
exclusion criteria, or whether they took into account other 
factors that could affect retinal parameters such as medical 
or psychiatric comorbidities (diabetes, hypertension, 
depression) or the antipsychotic treatment. Nonetheless, 
OCT measures could be useful biomarkers in schizophrenia 
thanks to their correlation with clinical variables that has 
been found in some studies, as well as its relatively easy 
and affordable practicability (for example compared with 
magnetic resonance imaging). Future studies should take 
into account the fact that schizophrenia is diagnosed based 
on a sum of different clinical criteria, and this could lead to 
different types of schizophrenia with different biomarkers. 
Moreover, in schizophrenia different clinical stages 
have been described42,43 that could be based in different 
neurobiological alterations, and this could affect the retinal 
parameters. Finally, regarding this disease, some studies 
suggest that it is a neurodevelopment illness44,45 while 
others support a neurodegenerative component (Gupta et 
al., 2009). Thus, neurodevelopment and neurodegenerative 
components should be included in the etiopathogenesis 
of the disorder46. Future longitudinal studies, that begin 
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assessments in the first psychotic episode (or even before, 
in ultra-highrisk population) will help us answer some 
etiopathological questions and clarify the role of these OCT 
measurements as a biomarkers in schizophrenia. 
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