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Comparison of optic coherence tomography results in patients
diagnosed with OCD: findings in favor of neurodegeneration

Murat Eren OZEN,’ Aysun KALENDEROGLU,?
Ayse Sevgi KARADAG,® Mehmet Hamdi ORUM?

ABSTRACT

Objective: Optic coherence tomography (OCT) is a contactless and fast neuroimaging method. Previous studies
have observed thinning of the ganglion cell layer (GCL) and inner plexiform layer (IPL) in many neurodegenerative
diseases. The aim of this study was to compare the GCL volume, retinal nerve fiber layer (RNFL), and IPL thickness
in obsessive compulsive patients and controls using OCT to demonstrate neurodegeneration in obsessive compul-
sive disorder (OCD). Methods: This study involved 50 OCD patients who were being followed by the Psychiatry
Department of Adiyaman University Medical School and 50 healthy volunteers as control. OCT measurements were
performed for both groups. The RNFL, IPL thickness, and GCL volumes were measured and recorded automatically
by a spectral OCT device. Results: The RNFL thickness was lower in patients compared with controls at all mea-
sured regions, and this decrease statistically significant in a few regions (left temporo-superior, left mean). The left
and right choroid layer thickness acquired from three regions of choroid layer was higher in patients compared with
controls. The GCL and IPL volumes were also significantly lower in the patient group. There was a significant nega-
tive correlation between the disease duration and OCT results. Discussion: These findings suggest that neurode-
generation occurs during the course of OCD. This degeneration may be demonstrated by decreased GCL at early
stages, and as the disease progresses, involvement of other retinal layers, such as the RNFL and IPL, may be
observed. (Anatolian Journal of Psychiatry 2019; 20(2):166-174)
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Obsesif kompulsif bozukluk hastalarinda optik koherans tomografi

sonuglarinin karsilastiriimasi: Norodejenerasyon lehine bulgular

0z

Amag: Optik koherans tomografi (OCT), temassiz ve hizl bir gériintiileme yéntemidir. Onceki ¢alismalarda birgok
nérodejeneratif hastalikta ganglion hiicre tabakasi (GCL) ve i¢ pleksiform tabakasinda (IPL) incelme gézlemlemisgtir.
Bu ¢alismanin amaci obsesif kompulsif bozuklukta (OKB) nérodejenerasyonun ortaya konulmasi amaciyla OKB
hastalarinda GCL hacmi, retina sinir lifi tabakasi (IVFL) ve IPL kalinhigi ile OCT kullanilarak yapilan kontrollerin
karsilastirimasidir. Yéntem: Calismaya Adiyaman Universitesi Tip Fakiiltesi Psikiyatri Anabilim Dalinda tedavi
edilen 50 OKB hastasi ve 50 saglikli géniillii kontrol olarak alindi. Iki grup igin de OCT élgiimleri yapildi. RNFL, IPL
kalinligi ve GCL hacimleri, bir spektral OCT cihazi tarafindan otomatik olarak 6lglilmiis ve kaydedilmistir. Sonuglar:
RNFL kalinhig, tiim élgiilen bélgelerdeki kontrollere gére daha diigiiktii ve bu, birkag bélgede (sol temporo-superior,

sol ortalama) istatistiksel olarak anlamli bir diigiis gésterdi. Koroid tabakanin li¢ bélgesinden elde edilen sol ve sag
koroid tabaka kalinhigi, kontrol grubuna gére daha yiiksekti. GCL ve IPL hacimleri de hasta grubunda anlamli olarak
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diiglikti. Hastalik siiresi ile OCT sonuglari arasinda anlamli negatif korelasyon vardi. Tartisma: Bu bulgular, OKB
strecinde nérodejenerasyonun meydana geldigini diisiindiirmektedir. Bu dejenerasyon, erken evrelerde azalmis
GCL ile gbsterilebilir ve hastalik ilerledikge, RNFL ve IPL gibi diger retinal tabakalarin katilimi gézlenebilir. (Anadolu

Psikiyatri Derg 2019; 20(2):166-174)

Anahtar sézciikler: Koroid tabaka, nérodejenerasyon, obsesif kompulsif bozukluk, optik koherans tomografi, retina

INTRODUCTION

Several theories have been developed to explain
obsessive compulsive disorder (OCD). The parts
of the brain effected due to the obsessions and
compulsions observed in OCD have not been
completely explained yet. OCD is considered to
have a neurological characteristic due to causes
such as symptoms occurring despite the pa-
tient's conscious will, frequency of unclear
neurological symptoms and presence of obsess-
sive compulsive symptoms in some neurological
disorders.’® With the improvement in imaging
methods in recent years, it has been stated that
there are structural or functional deviations in the
brain in many psychiatric disorders.* These
findings acquired from brain imaging studies
make it easier for us to understand the patho-
physiology of the disease. Especially with func-
tional brain imaging studies, it was shown that
there is an abnormal operation in certain frontal-
subcortical brain circuits in OCD.> Also the
connection of OCD with Parkinson's disease and
Tourette syndrome point out the basic role of
basal ganglions in OCD pathogenesis.®’

Magnetic resonance spectroscopy (MRS) is an
effective technique which measures metabolites
in the brain such as N-acetyl-aspartate (NAA, a
marker of neuronal viability), glutamate ve gluta-
mine, choline (CHO, a marker of cell membrane
turnover), myo-inositol, and creatine-phospho-
creatine (CRE, a marker of cellular energy).®
Particularly, NAA is an indicator of axonal dege-
neration and neurodegeneration and decreases
in the cingulate gyrus, left or right striatum, and
medial thalamus of OCD patients.®® Although
the results acquired by different imaging meth-
ods are different, all these data show that OCD
symptoms are caused by functional disorder in
fronto-striato-thalamic circuits and especially the
decrease in metabolites such as NAA/CRE and
NAA/CHO demonstrate the decrease in hippo-
campal neuronal density or at least it may be the
demonstrator of neuronal dysfunction in OCD
patients.'®

In many neurodegenerative diseases such as
multiple sclerosis,'! Alzheimer's disease,'? Par-
kinson's disease,’”® and restless legs syn-
drome,'™ a severe myelin loss has been ob-

served in retinal nerve fiber layer (RNFL) thick-
ness in the eye with optical coherence tomog-
raphy (OCT) in recent years. So, neurodegene-
ration follow-up was made with OCT measure-
ments in many diseases with neurodegeneration
and a significant relation was detected.'®>'® Be-
cause when the anatomical structure of retinal
neural network is observed, ganglion cell and its
branches make synapses and leave the eye
after forming the optical nerve and connect with
different parts of the brain. Nerve fibers coming
from other sources in thalamus lateral geniculate
body primarily form synapses and end up in
occipital lobe. Activation occurs not only in the
occipital lobe, but also in inferior temporal cortex,
postero-infero-parietal cortex sections and some
parts of frontal lobe.®

On the other hand, the main neurotransmitter of
photoreceptors responsible for sight in retina
physiology is glutamate and neurotransmitters
such as serotonin, dopamine, g-amino butyric
acid, glycine, acetylcholine and taurine were
detected in amacrine cells.'® But their functions
have not been completely understood yet. So
when the explanations of OCD symptoms
through the functional disorder in fronto-striato-
thalamic circuit and OCD physiopathology
through serotonin and dopamine systems are
considered, some changes may be expected in
the mechanisms responsible for the neuronal
structure and physiology of retina.2%2"

More recently OCT was used to detect neuronal
degeneration in psychiatric disorders.?? Spatial
resolution of OCT devices increased with new
spectral domain OCT and this enabled separa-
tion of other retinal sublayers such as GCL and
IPL was shown to have better structure function
correlation in neurodegenerative diseases such
as multiple sclerosis then RNFL.2> Our group
demonstrated reduced GCL and IPL volumes in
schizophrenia patients compared with controls
using spectral OCT.?* We also detected signifi-
cant negative correlations between disease sev-
erity parameters and GCL and IPL volumes. In
our another study, it is suggested that the neuro-
degeneration occurred during the course of
bipolar disorder may be demonstrated by de-
creased GCL at early stages, and as the disease
progresses, involvement of other retinal layers,
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such as the RNFL and IPL, may be observed.?®
Again, our research team demonstrated that
OCT finding of decreased GCL and IPL volumes
supports previous research suggesting degene-
ration in major depressive disorder. According to
this study, considering RNFL to be the latest
layer that will be affected during course of
degeneration, GCL and IPL volumes appear to
be better parameters follow. In addition, choroid
may be an important structure to detect acute
attack period and to follow inflammatory process
in major depressive disorder like in systemic
inflammatory diseases.?®

The aim of this study was to compare the RNFL,
GCL, IPL, and choroidal thickness of patients
with motor OCD and controls to assess the use-
fulness of these measurements to demonstrate
neurodegeneration in OCD.

METHODS

Study design

This case-control study compared patients with
OCD who were followed in the Psychiatry
Department at our University Medical School
with a control group. The patients with OCD were
consecutive patients who were being followed at
our outpatient clinic at least for last six months.
The OCD group consisted of 50 patients (20
males and 30 females). After being seen during
the baseline visit by the treating psychiatrist,
each patient's eligibility for the study was
evaluated, and if they were eligible, they were
invited to participate in the study. The control
group consisted of 50 healthy volunteers (28
males and 22 females) without a history of an
OCD who were recruited from the hospital staff.
OCT measurements were made in the Ophthal-
mology Department at Adiyaman University
Faculty of Medicine. Sociodemographic Data
Form was filled for all study group. All study
protocols were approved by the ethics commit-
tee of Adiyaman University Medical School
(Dated 14 September 2015 and enumerated as
2015/06-2). All subjects provided written in-
formed consent for OCT measurement. In strict
accordance with the Declaration of Helsinki, the
decision to have OCT was made by the experts
in agreement with the free will of the patient
and/or their family, completely independently
from study participation.

Inclusion/exclusion criteria

Patients with OCD who were diagnosed ac-
cording to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revi-

sion (DSM-IV-TR) criteria were included.?’” Pa-
tients who had comorbid first axis diagnoses
(past or current diagnosis), severe neurological,
immunological or systemic diseases, and pri-
mary ophthalmological diseases (glaucoma or
retinal diseases) were excluded. Again, healthy
subjects who had severe neurological, immune-
logical or systemic diseases, and primary oph-
thalmological diseases (glaucoma or retinal
diseases) were excluded. Patients and controls
with risk factors (non-psychotropic drug use,
cancer, alcohol and substance use-before or at
the moment, pregnancy) that may have an
impact on OCT measurements were not in-
cluded. Smoking was not considered as an inclu-
sion or exclusion criterion, nor was it questioned
in the control group or the patient group. Patients
with refraction errors >1 prism dioptre were also
excluded. Both the patient and the control
groups were examined in ophthalmology clinic
and best corrected visual acuity (BCVA), intra-
ocular pressure, slit lamb bio-microscopy, and
fundus examination by eye dilatation were mea-
sured. Patients and controls with normal eye
findings were included. The control group was
similarly distributed to the patient group in regard
to age and gender.

OCT measurements

A spectral-OCT device (SpectralisTM OCT,
Version 6.0, Heidelberg Engineering, Germany)
was used to assess the RNFL and choroid
thicknesses and GCL and IPL volumes in both
eyes. The RNFL includes temporal (T), nasal
(N), temporo-superior (TS), temporo-inferior (TI),
naso-superior (NS), naso-inferior (NI) and global
(G) segments. Therefore, 7 measurements were
made for each eye (i.e., N, NS, NI, T, TS, Tl, G).

The choroid structure was also measured with
OCT. The choroidal thickness was measured
manually. A perpendicular line was drawn sub-
foveal from the outer edge of the retinal pigment
epithelium to the choroid-sclera junction. Two
additional lines were drawn at the nasal and
temporal sides at 500 pm intervals from the
subfoveal line. The mean value of these three
measures was accepted as the choroidal thick-
ness. All measurements were performed by the
same author (ASK) who was blinded to the diag-
noses of the patients. The choroidal measure-
ment method used with the spectral-OCT de-
vices has been previously explained.?

Lastly, we measured the GCL and IPL volumes
with an OCT device. Segmentation of the retina
into 6 layers (GCL, IPL, RNFL, inner nuclear
layer, outer plexiform layer, and outer nuclear
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layer) was performed automatically with the de-
vice. Because the between-group comparisons
provided similar results for the right and left eyes,
only the results of right eye are provided in the
tables and discussed to decrease the complexi-
ty of the tables. Patients were taking medication
(psychotropic drugs) when OCT was performed.

Statistical methods

To evaluate the assumption of normality in the
data, the Kolmogorov-Smirnov test was used;
and to describe the data, frequency (percent),
meantSD, median, and range were used. For
evaluation of the differences between the two
groups, we utilized t-test, Mann-Whitney U, and
chi-square tests; and to compare groups while
considering the correlation of eyes in one sub-
ject, generalized estimating equation (GEE) ana-
lysis was used. P-value less than 0.05 was con-
sidered as statistically significant. All statistical
analysis was performed by SPSS software
(Version 22.0, Microsoft Co., Chicago, IL, USA).

RESULTS

Sociodemographic data

The study group included 50 patients and 50
controls. The mean age of the patient group was

33.6649.85, and that of the control group was
37.96+15.88. The patient group consisted of 20
males (40%) and 30 females (60%). The control
group consisted of 28 males (56%) and 22
females (44%). The sociodemographic features
of the patient and the control groups are given in
Table 1. No significant difference was found be-
tween group according to age, sex, or marital
status. The percentage of active workers was
higher in the patient group than the control group
(p=0.016).

OCT findings

The RNFL thickness was decreased at all mea-
sured regions (TS, TI, T, NS, NI, N) in the pa-
tients with OCD compared with the controls, and
this difference reached the level statistical signi-
ficance for the left TS and left mean RNFL thick-
nesses (Table 2) (Figure 1).

The mean choroidal thickness, which is the
mean values of the measurements from three
regions, was higher in all OCD patients group
than controls (p<0.05) (Table 2 and 3) (Figure 2).

Both GCL and IPL volumes were smaller in OCD
patients than controls (p<0.05).

We detected significant negative correlation
disease duration and GCL volume. The mean

Table 1. Sociodemographic features of patient and control groups

Patient (n=50)

Control (n=50)

n % n p
Gender 0.108
Male 20 40 28 56
Female 30 60 22 44
Education (years) 0.542
No 0 0 5 10
Primary 7 14 11 22
Secondary 12 24 10 20
High school 22 44 17 34
College 9 18 7 14
Job 0.016
Unemployed 32 64 18 36
Worker 9 18 19 38
Officer 3 6 9 18
Farmer 5 10 0 0
Housewife 1 2 3 6
Other 0 0 1 2
Marital status 0.151
Married 27 54 34 68
Single 20 40 14 28
Widow 3 6 2 4
Age (MeanzSD) 33.66+9.85 37.96+£15.88 0.108
Female 33.03+£7.93 39.59+12.97
Male 34.60+12.35 36.67£17.97

Anadolu Psikiyatri Derg 2019; 20(2):166-174



170 Comparison of optic coherence tomography results in patients diagnosed with OCD: ...

Peripapillary RNFLT Classification

TS NS
129 96
(135)  (102)

Peripapillary RNFLT Classification

TS NS
155 101
(135) (102)

Tl NI
167 123
(143)  (106)

Within Normal Limits

Figure 1. Comparison of retinal nerve fiber layer (RNFL) thicknesses measured at 6 regions using spectral optic
coherence tomography (OCT) of obsessive compulsive disorder (OCD) patient (A) and a control subject (B).

Table 2. Mean measurement results of right RNFL-right choroid

Group Mean+SD p

Right NS Patient 110.22+17.07 0.518
Control 112.60+19.49

Right N Patient 83.04+27.48 0.229
Control 83.541+15.88

Right NI Patient 117.72+27.19 0.082
Control 127.78+27.32

Right T Patient 74.18+10.79 0.554
Control 75.3418.62

Right Tl Patient 148.38+22.76 0.123
Control 154.70+17.55

Right TS Patient 138.22+27.09 0.230
Control 145.76+14.77

Right mean Patient 103.74+9.80 0.152
Control 107.22+8.82

Right choroid mean Patient 292.54+53.67 <0.001
Control 249.16+31.67

RNFL: Retinal nerve fiber layer; NS: Naso-superior; N: Nasal;

NI: Naso-inferior; T: Temporal; TI: Temporo-inferior; TS: Temporo-superior

duration of disease was 8.58+5.74. r=-0.322,
p=0.022 for right GCL and r=-0.389, p=0.005 for
left GCL. On the other hand, there was not a
correlation between disease duration and IPL
and RNFL thickness (p>0.05).

DISCUSSION

Evidence from different lines of research has
supported the finding of neurodegeneration in
patients with OCD. While neuropsychiatric dis-
eases are being investigated, radiological meth-
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Table 3. Mean measurement results of left RNFL-left choroid

Group Meant+SD p

Left NS Patient 118.34+19.73 0.107
Control 124.88+20.43

Left N Patient 75.36+£13.65 0.255
Control 78.02+14.69

Left NI Patient 112.38+27.66 0.164
Control 123.48+27.11

Left T Patient 72.46+£14.79 0.934
Control 73.48+9.16

Left Tl Patient 149.46+20.66 0.245
Control 154.24+20.16

Left TS Patient 137.36+21.40 0.030
Control 146.78+14.16

Left Mean Patient 105.781£27.98 0.034
Control 106.92+10.25

Left Choroid Mean Patient 289.06+49.14 <0.001
Control 247.66+37.02

RNFL: Retinal nerve fiber layer; NS: Naso-superior; N: Nasal;

NI: Naso-inferior; T: Temporal; TI: Temporo-inferior; TS: Temporo-superior

Figure 2. Comparison of choroidal thicknesses of a control subject (A) and of a patient with obsessive compulsive
disorder (OCD) (B) measured by spectral optic coherence tomography (OCT) device.

ods like magnetic resonance spectroscopy are
frequently used. In the studies on chemicals
such as NAA, glutamine, CHO, creatine-phos-
phocreatine used for evaluating the neuronal
structure, a decrease was observed in the ratio
of these chemicals in the brain and this was
interpreted as loss of neuron or axon in OCD
patients and the possibility of a neuronal dys-
function in OCD pathogenesis was tried to be
shown.8?

We wanted to examine retinal neural network
with OCT method to be able to demonstrate a
possible neurodegeneration, since with its re-
ceptors, ganglion cells, glial support cells and
axons, retina is regarded as an extension of
brain by many anatomists. From this point of

view, retina is regarded as an easily observable
part of the brain. Although it doesn't contain
myelin, retina is an ideal model of a nerve tissue
in which degeneration can be observed with the
ganglion cell neurons and axons it contains.?%3!
The basic finding in our study is the detection of
a significant decrease in GCL and IPL thick-
nesses when patients diagnosed with OCD were
compared with the healthy group. As a result, the
decrease in IPL formed by the dendritic structure
and GCL constituting the retinal neural structure
soma is a demonstrator of a neuron loss. An-
other finding in our study was the fact that al-
though there was a decrease in RNFL layer com-
pared to the control group, this decrease was not
significant when compared with the control
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group (Table 2, 3). But it was detected that the
significant decrease was in some sub-layers (left
TS, left mean) of RNFL layer (p<0.05) (Table 3).

According to our hypothesis, there may be some
reasons for GCL and IPL decreasing more signi-
ficantly compared to RNFL sublayers consti-
tuting axonal structure. First, it is known that pro-
inflammatory cytokines play a role in OCD patho-
genesis.®? This inflammatory phase in which
cytokines play a role may have caused the delay
of axonal degeneration by causing an increase
in retinal blood flow and thus improving the
retinal structure nourishment. So RNFL sub-
layers may be measured as a thicker layer than
normal due to inflammation. According to our
findings, it was detected that choroid layer thick-
ness showing retinal blood flow increases signifi-
cantly in patients diagnosed with OCD compared
to the control group, although there is no sys-
temic disease (Table 2, 3). Choroid is one of the
most vascularized tissues of human body and it
plays important roles in nutrition and oxygena-
tion of outer retina, disposal of waste products
out of retina and secretion of growth factors.33
Choroid tissue is affected by any inflammatory or
autoimmune conditions affecting blood flow. Re-
search in some autoimmune diseases with
retinal involvement (e.g. Behget's disease) also
demonstrated that choroid thickness increases
during acute attack periods due to increased in-
flammation but then decreases with progressing
disease.*%

Secondly, in different studies, it was demon-
strated that RNFL in which damage was de-
tected with fundus examination and photos is
possible only after 50% ganglion cell damage.
So it can be anticipated that ganglion cell
damage in a level which would cause a signifi-
cant decrease or axonal degeneration did not
occur in RNFL, but RNFL damage may also be
observed in latter stages of the disease.®”*® So
a longitudinal OCT follow-up study is required in
OCD patients.

When we observed the correlation of disease
duration and OCT parameters, it was demon-

strated that the thinning in GCL increased in
correlation with disease duration (r=-0.322 and
p=0.022 for right GCL; r=-0.389, p=0.005 for left
GCL) and thus the conclusion that the area
primarily effected in neuronal degeneration is
ganglion cell soma can be reached from here.
Finally, if we consider RNFL layer as one of the
parameters which can be damaged last in ad-
vanced cases in degeneration follow-up, GCL
and IPL appear to be more important parameters
in the degeneration follow-up of the diseases in
early phase.

As a result, we detected that neurodegeneration
occurred in certain layers of retinal neural net-
work which is an extension of the brain in pa-
tients diagnosed with OCD. In near future, OCT
can be used as a new method in OCD patients
for degeneration follow-up or for observing the
progression of the disease.

Limitations

Maijor limitation of this study is its cross-sectional
design. A prospective design starting from early
periods of disease with regular follow-up OCT
measurements would yield more convincing
results about progressive degenerating nature of
OCD. The diagnosis of patients were made
clinically. In further studies, a scale can also be
used when diagnosing. Again, we have not used
a semistructured interview like structured clinical
interview for DSM-5 or else. Another limitation of
our study is lack of control measurements to
increase validity and reliability of OCT to detect
inflammation and degeneration. Inclusion of
other neuroimaging methods such as magnetic
resonance imaging to detect neurodegeneration
and inflammatory markers such as interleukins
or acute phase reactants to detect inflammation
in future studies will provide better clues about
utility of OCT as a tool in neuropsychiatric dis-
orders. Direct effects of psychotropic medica-
tions on retina cannot be excluded and this
should be assessed in further studies. Smoking
may have an impact on OCT measurements.

Authors’ contributions: M.E.Q.: carried out the design and coordinated the study, participated in the analysis,
examination of subjects, last revisions; A.K.: patient sampling, prqparation of statistical analysis, and literature
review; A.S.K.: examination and evaluation by means of OCT; M.H.O.: psychiatric examination of subjects, sample

collection
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