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ABSTRACT

Aim: To examine the morphologic variations of occipital sulci patterns in patients with schizophrenia and 

migraine haeadache regarding gender and laterality as well as damage of visual pathway in patients with 

schizophrenia using magnetic resonance imagining (MRI) and visual evoked potentials (VEPs). Methods: 

This study included 80 patients and brain scans and visual evoked potential responses recorded over the 

occipital cortex were performed to analyze the occipital region of both hemispheres. Average total volumes 

of both hemispheres and average values of amplitude of the healthy population for the comparasion were 

used. Results: There was statistically significant difference between subjects considering gender (p=0.012). 

Parameters of parieto-occipital fissure (p=0.0314) showed statistically significant positive correlation with 

P100 amplitude (p=0.05), body of the calcarine sulcus (p=0.0213) had significant positive correlation with 

P100 amplitude (p=0.04), retro calcarine sulcus (p=0.0516) and P100 amplitude (p=0.03) showed statistically 

significant difference only of left hemisphere in male patients with schizophrenia with shallower depth of the 

sulcus and P100 amplitude reduction. Conclusion: Schizophrenia is associated with the volume changes 

of the occipital lobe. Comparative analysis of morphologic differences in the gray matter of occipital lobe 

using MRI and VEPs revealed changes especially of the left hemisphere (shallower depth of sulcus and 

P100 amplitude reduction) only among a group of male patients.

Keywords: morphologic differences, visual pathway, neuroradiology, neurophysiology.

1. INTRODUCTION
Schizophrenia is a neurodevelop-

mental disorder featuring complex ab-
errations in the structure, wiring, and 
chemistry of multiple neuronal sys-
tems. Dysfunctional neuronal networks 
are involved in the pathophysiology of 
the disease and releted to symptom di-
mensions. Neurodevelopmental distur-
bances and additional neurodegenera-
tive processes in subgroups of patients 
are hypothesised to be underlying 
pathophysiological mechanisms (1, 2). 
Synaptic pathology, oligodendrocyte 
dysfunction and decreased neurogen-
esis may lead to disconnection syn-
drome as a basis of symptoms and cog-
nitive deficits. On the functional level, 
deficits are evident in symptom dimen-
sions, a subtle loss of volumes in specific 
brain regions, and in the activation pat-
tern of neuronal networks (3). Imaging 
studies suggest that the subtle morpho-
logical correlates of schizophrenia out-
lined above sit beside localized alter-
ations in the morphology and molec-

ular composition of specific neuronal, 
synaptic and glial populations. Recent 
work has also shown basic sensory pro-
cessing deficits which are particularly 
prominent in the visual system and may 
be related to cognitive deficits and out-
come (4). A primary approach to ana-
lyzing integrity of visual processing is 
use of visual evoked potentials (VEPs).

The VEPs provide an objective mea-
sure of brain function, as early vi-
sual processing dysfunction in schizo-
phrenia, with preferential deficits being 
found in the magnocellular pathway, 
though parvocellular deficits have been 
found as well (5).

Understanding the nature of sen-
sory processing deficits may provide 
insight into mechanisms of pathology 
in schizophrenia, impaired signal am-
plification, and could lead to treatment 
strategies including sensory processing 
rehabilitation that may improve out-
come (6). Preferential magnocellular 
dysfunction may provide a substrate 
for dorsal stream dysfunction as well as 
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higher level cognition deficits and outcome (7).
The aim of the study was to determine the morphologic 

differences in the brain structures of occipital region re-
garding laterality and P100 amplitude between patients (in 
the Clinical Center University of Sarajevo, in three diferent 
clinical departments) with schizophrenia and patients with 
migraine headache using MRI and VEPs. Structural deficits 
in occipital cortex, particularly in optic radiations, and their 
relationship to early visual processing deficits, document the 
importance of subcortical as well as cortical dysfunction in 
schizophrenia. These findings may provide understanding 
the nature of sensory processing deficits and pathophysiology 
of schizophrenia.

2. MATERIALS AND METHODS
Patients and study design
This prospective, comparative study included 80 subjects 

(31 males and 49 females), 21-67 years old, diagnosed with 
schizophrenia and migraine headache, in the period from 
2011 to 2015. All subjects signed a written informed consent 
and the Ethics Committee of the University Clinical Center 
University of Sarajevo gave an ethical consent to perform the 
study. It was conducted at the Department of Psychiatry, De-
partment of Neurology, Department of Radiology Clinical 
Center University of Sarajevo.

The study sample was divided into two groups:
S group included 40 patients with schizophrenia (21 males 

and 19 females) ) who were on the hospital treatment and 
under antipsychotic drugs, diagnosed with schizophrenia 
according to ICD-10 criteria (8), the average age was 41.50 
years (SD±10.44; range 22-67).

M group included 40 patients with migraine headache (10 
males and 30 females), hospitalized at the Department of 
Neurology, diagnosed with migraine headache criteria (9), 
the average age was 38.50 years (SD±6.59; range 30-53).

Magnetic resonance imaging (MRI) scans of occipital 
lobe of 80 human brains (the left and the right hemispheres) 
were examined at the Department of Radiology, Clinical 
Center University of Sarajevo. The sulci (regions) of interest 
of the occipital lobe (coronal sections and descriptive anal-
ysis) through the magnetic resonance imaging volume of a 
single patient were identified (ROI): parieto-occipital fis-
sure (POF), body of the calcarine sulcus (BCS), retrocalcarine 
sulcus (RCS) according to gender.

Visual Evoked Potentials (VEPs),  as a measurement of 
the electrical signal, recorded at the scalp over the occipital 
cortex of 80 human brains in response to light stimulus, were 
examined at the Department of Neurology, Clinical Center 
University of Sarajevo.  

The VEPs were used primarily to measure the functional 
integrity of the visual pathways from retina via the optic 
nerves to the visual cortex of the brain and recorded from oc-
cipital scalp overlying the calcarine fissure.

3. METHODS
Neuroradiology method-magnetic resonance im-

aging (MRI). 
The MRI scans were perfomed on a Siemens 3T supracon-

ducting magnet system to get very strong and homogeneous 
field T2TSE3D-RST-TRA (Avanto, Siemens, Erlangen, 

Germany). It was applied the relaxation time T2 (TR=750/
TE114) with sequences of turbo spin echo (TSE) in transverse 
planes and layer thickness of 0.6 mm, T1 sequence (voxel res-
olution: 1mm×1mm×1.25mm, TI: 20ms, TD: 500ms, TR: 
9.7ms, TE: 4.0ms, FLIP: 10, Matrix: 256×256, Rect. FOV: 
7/8, Partitions: 128, Time=13 min and 12 seconds). For the 
purpose of group analysis sulcus depth (mm), t-statistical 
map was generated for each hemisphere by application of 
t>2.66 (p<0.01, with the rate of freedom of 61). Two statis-
tical methods, group analysis of size and interhemispheric 
symmetry, were used in order to test significant differences 
of sulcus depth between groups. Volumes of the sulcal pa-
terns of the occipital region (cc) of both the left and the right 
hemispheres for each patient were investigated to provide a 
quantitative description of the variability of the location of a 
given brain structure.

The image data were resampled onto a standard grid with 
cubical voxels 1 mm wide. The gray-matter voxels extending 
for 1 mm on either side of the banks of the sulcus were in-
cluded in the set of voxels constituting the sulcus. We iden-
tified occipital sulci and marked their corresponding gray 
matter voxel on magnetic resonance images around POF, 
BCS and RCS. Average total volumes (cubic centimeters, cc) 
of both the left and the right hemispheres of the healthy pop-
ulation for the comparasion were as follows: POF 24.0, BCS 
11.2, RCS 2.7.

Neurophysiological method - Visual evoked poten-
tials (VEPs). 

Patients were subjected to examination by Visual evoked 
potentials (VEPs) and patterns for psychophysical and elec-
trophysiological experiments were generated using a Medelec 
Synergy, Version 10.1 (Oxford Instruments Medical, United 
Kingdom). The pattern used was alternate pattern, each 
evoked potential recorded right and left eyes was recorded 
and processed, then the evoked potential was recorded from 
both eyes, and processed to calculate P100 amplitude. For all 
experimental runs, the stimulus consisted of a checkerboard 
pattern with equal numbers of light and dark checks (16 black 
and 16 white, size 2x2 cm). Luminance was 50 cd/m2, Mi-
chelson contrast = 80%. Each check subtended a visual angle 
of 0.65° both horizontally and vertically, while the checker-
board as a whole subtended visual angles of 5.25° vertically 
and horizontally. In all experimental runs the checkerboard 
was presented in the center of a monitor with a gray back-
ground. The stimulation of the entire field of view with both 
eyes, then the whole field of view individually for left and 
right and for the halves of the visual fields both eyes. Eye that 
was not watching was covered. Average values of amplitude 
(the entire eye field both eyes) of the healthy population for 
the comparison were as follows - P100 amplitude (µV): entire 
field of view (both eyes) 3.3, left eye: 3.4, right eye 3.4, right 
field of view (left eye) 3.7, right eye 3.8, left field of view (left 
eye) 3.1, right eye 3.1.

Statistical analysis
The research task was to define the differences between pa-

tients with schizophrenia and patients with migraine head-
ache according to morphology of the brain regions using 
MRI and VEPs of both groups. For the purposes of correla-
tion and associative analysis multivariate analysis of vari-
ance, Pearsons correlation coefficient and Point-biserial cor-
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relation was applyed using χ2 test, T-test of independent sam-
ples, T-test of paired samples, Kolmogorov-Smirnov test and 
Levenè s test for equality of variances. Statistically significant 
differences were considered those in which the p value was 
less than 0.05 (p<0.05).

4. RESULTS
The study was conducted on a group of 80 subjects divided 

into two groups: among 40 patients with schizophrenia 21 
(52.5%) were males and 19 (47.5%) females; in the control 
group 10 (25.0% ) patients were males and 30 (75.0%) females 
(p=0.012). Average age of patients with schizophrenia was 
41.50±10.43 years, and of controls 38.50±9.48 years (Table 
1). The morphological variation of the sulci of the occipital 
region and P100 amplitude of the human brain was exam-
ined in 80 patients (patients with schizophrenia and controls) 
using magnetic resonance imaging and visual evoked poten-
tials. Significant differences between the groups were regis-
tered of occipital lobe with some specific regions (left hemi-
sphere) and P100 amplitude (left side) only in male patients 
with schizophrenia. Patterns of parieto-occipital fissure 
(m=22.490; SD=84.872; p=0.0314) 
showed statistically significant pos-
itive correlation with P100 ampli-
tude (m=2.83; SD=0.412; p=0.05) 
regarding gender only in male pa-
tients with schizophrenia only 
on the left side, without differ-
ences on the right side in the same 
group based on parameters of MRI 
(m=22.403; SD=85.513), and VEP 
analysis (m=3.43; SD=0.271) (Table 
2). In parameters of body of the cal-
carine sulcus (m=9.713; SD=33.411; 
p=0.0213) regarding gender statis-
tically significant positive correla-
tion with P100 amplitude (m=1.40; 
SD=1,272; p=0.04) was noticed 
only on the left side in male pa-
tients with schizophrenia without 
differences on the right based on 
parameters of MRI (m=10.218; 
SD=5.977), and VEP analysis 
(m=3.48; SD=0.271) (Table 2). Sta-
tistically significant positive cor-
relation in parameters of retrocal-
carine sulcus (m=2.883; SD=2.244; 
p=0.0516), and P100 amplitude 
(m=2.71; SD=1.442; p=0.03) re-
garding gender was noted only 

in male patients with schizophrenia, with no differences on 
the right side of these patients based on parameters of MRI 
(m=2.035; SD=6.587) and VEP analysis (m=3.36; SD=0.200) 
(Table 2). In schizophrenia group, all investigated parameters 
only on the left side, showed statistically significant differ-
ences in comparation with the right side of the same group. 
All correlations of occipital sulci patterns and P100 ampli-

 No (%) of patients

 Schizophrenia group  Control group

Age (years) Male Female Male Female

20-30 5 (23.8) 1 (5.3) 4 (0.4) 6 (0.2)

30-40 8 (38.1) 5 (26.3) 1 (0.1) 12 (0.4)

40-50 5 (23.8) 8 (42.1) 3 (0.3) 9 (0.3)

50-60 2 (9.5) 4 (21.1) 2 (0.2) 3 (0.1)

60-70 1 (4.8) 1 (5.3) / /

Total 21 19 10 30

Table 1. Age distribution of subjects

Group of patients / variables
Mean (m) of a 

population
SD (standard 

deviation)
p

Schizophrenia

Parieto-occipital fissure (POF)-left 
(male)
P100 amplitude

22.490
2.83

84.872
0.412

0.0314
0.05

Control

Parieto-occipital fissure (POF)-right 
(male)
P100 amplituda

22.403
3.43

85.513
0.271

Schizophrenia

Body of the calcarine sulcus (BCS)-
left (male)
P100 amplitude

9.713
1.40

33.411
1.272

0.0213
0.04

Control

Body of the calcarine sulcus (BCS)-
right (male)
P100 amplitude

10.218
3.48

5.977
0.271

Schizophrenia

Retrocalcarine sulcus (RCS)-left 
(male)
P100 amplitude

2.883
2.71

2.244
1.442

0.0516
0.03

Control

Retrocalcarine sulcus (RCS)-right 
(male)
P100 amplitude

2.035
3.36

6.587
0.200

Table 2. Morphologic structures of occipital lobe and P100 amplitude 
according to gender

Group of patients/variables
Parieto-occipital 
fissure (POF) left 
(male)

p

Body of the cal-
carine sulcus 
(BCS)
left (male)

p

 Retro cal-
carine sulcus 
(RCS)
left (male)

p

Sc
hi

zo
ph

re
ni

a

P100 amplitude (µV) whole view 
field-both eyes

0.038 0.214 -0.260

P100 amplitude (µV) whole view 
field-left eye

0.008 0.249 -0.223

P100 amplitude (µV) whole view 
field-right eye

-0.048 0.235 -0.170

P100 amplitude (µV) right view 
field- left eye(mean)

0.328*

(84.87)
0.031

0.421*

(33.41)
0.021 -0.143

P100 amplitude (µV) right view 
field- right eye(mean)

0.178 0.302
-0.353*

(2.24)
0.051

P100 amplitude (µV) left view 
field-left eye

-0.041 0.239 -0.131

P100 amplitude (µV) left view 
field-right eye

-0.097 0.291 -0.140

Co
nt

ro
l

P100 amplitude (µV) whole view 
field-both eyes

-0.062 -0.065 -0.049

P100 amplitude (µV) whole view 
field-left eye

-0.021 -0.020 0.037

P100 amplitude (µV) whole view 
field-right eye

-0.105 -0.062 -0.135

P100 amplitude (µV)) right view 
field- left eye

-0.019 0.048 -0.004

P100 amplitude (µV) right view 
field- right eye

-0.077 0.022 -0.232

P100 amplitude (µV) left view 
field-left eye

-0.011 0.051 0.069

P100 amplitude (µV) left view 
field-right eye

-0.211 -0.138 -0.048

Table 3. Correlation of P100 amplitude with MRI. * Statistical correlation on 0.05
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tude (whole view field of the left eye, whole view fields of 
both eyes, whole view field of right eye and left view field of 
left eye) were positive. Negative correlations were found in 
the control group with no statistically significant differences 
(Table 3).

5. DISCUSSION
Schizophrenia is a serious and chronic brain disorder whose 

underlying neuropathology has proven difficult to identify. 
As distributed structural circuits of cortical and subcortical 
areas serve normal brain functions, disrupted communication 
within and between brain regions may be the core pathology 
of schizophrenia. Altered connectivity and brain network to-
pology has been described in the brains of schizophrenia pa-
tients. Widespread alterations in connectivity are present in 
the brains of chronic schizophrenia patients and there is some 
evidence that patterns of reduced connectivity cut across the 
different stages of the disorder, including those with an in-
creased risk of developing the illness. Structural connectomic 
studies have identified altered connectivity within sub-net-
works in chronic patients (10, 11, 12). These studies provide 
insight into structural connectivity based brain correlates of 
schizophrenia. There are associations between brain imaging 
and psychopathological findings and also between the pro-
gression of neuroradiological and psychopathological changes 
(13-18). This observation supports the alternative view that 
a variety of different pathoplastic factors generate multiple 
dimensions of variation in brain structure and function in 
schizophrenia. In schizophrenia there is a range of struc-
tural brain changes with severe neurophysiological deficits 
in brain information processing at perceptual levels (19-24). 
Structural deficits in occipital cortex, particularly in optic 
radiations, and their relationship to early visual processing 
deficits, document the importance of subcortical as well as 
cortical dysfunction in schizophrenia. Magnetic resonance 
imaging (MRI) and VEP studies also suggest that many of 
the structural brain abnormalities in schizophrenia occur in 
„areas that are normally sexually dimorphic“. These results 
may suggest that normal sexual dimorphism may help to pro-
tect schizophrenic women from some of the more severe cog-
nitive consequences of brain abnormalities associated with 
the disorder (25). Our research conducted using MRI and 
VEPs revealed changes in the occipital lobe, especially of the 
left hemisphere (shallower depth of sulcus and P100 ampli-
tude reduction) among a group of male patients with schizo-
phrenia with significant differences in the area of the parie-
to-occipital fissure, body of the calcarine sulcus, and the retro 
calcarine sulcus (26, 27). This results were consistent with a 
study that compared the morphology of the cerebral cortex 
(gyri and sulci depth) of the occipital lobe and differences in 
visual structures of P100 amplitude in patients with schizo-
phrenia (28, 29). Visual evoked potential measured in our 
study has shown that P100 (amplitude reduction) was only 
on the left eye in patients with schizophrenia. Our findings 
are consistent with studies that examined the morphology of 
the cortical surface, and which recorded a reduction of the 
gyrus index in both cerebral hemispheres of 3%-4.5%, but it 
was more pronounced in the area of   the left side (30), which 
is consistent with the findings of five studies conducted in re-
lation to the volume of the occipital lobes in schizophrenia 

(31). In our study a descriptive comparative analysis of mor-
phological variations were correlated with asymmetry of the 
left hemisphere with a statistically significant P100 amplitude 
reduction on the left eye only in male subjects (32).

6. CONCLUSION
The neurodevelopmental hypothesis of schizophrenia pro-

vided a valuable framework that allowed a condition that 
usually presents with frank disorder in adolescence or early 
adulthood to be understood at least in part as a consequence 
of events occurring early in development. The leading hy-
pothesis for the aetiology of schizophrenia is related to distur-
bance in normal brain development. The principal assump-
tion is that normal brain development is disrupted in specific 
ways at critical periods and the resulting lesion produces the 
symptoms of schizophrenia only through interaction with 
the normal maturation processes in the brain, which occur 
in late adolescence or early adulthood. Schizophrenia is as-
sociated with the volume changes of the occipital lobe, and 
findings of our study support the view that schizophrenia  is 
associated with impairment of early visual stream processing. 
Recent findings suggest that we now need to go further and 
view the functional psychoses as members of a group of re-
lated and overlapping syndromes that result in part from a 
combination of genetic and environmental effects on brain 
development and that are associated with specific and general 
impairments of cognitive function.
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