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ABSTRACT

Aim: We aimed to determine the difference between cerebral perfusion and cortical thickness between first attack and recurrent

in major depression patients.

Material and Method: Our study was conducted prospectively between 01.03.2017-03.03.2018 in Izzet Baysal University
Department of Psychiatry. 40 patients (21 first episodes and 19 recurrent episodes) diagnosed with depression according to
DSM 5 by the American Psychiatric Association and a control group of 16 healthy individuals were evaluated for cerebral
blood flow and cortical thickness with Perfusion MRI. Patients were also evaluated by Hamilton depression rating scale.

Findings: The cortical thickness was significantly decreased in recurrent attacks.There was no significant difference of CBF
in first episode and recurrent episodes, except cingulate cortex, which showed significantly reduced CBF values in recurrent
group. In patients with higher Hamilton depression scale points, the CBF values of insular cortex were decreased.

Conclusion: These findings suggests that cortical atrophy and activation of default mode network in recurrent episodes which

leads to decreased response to treatment.
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INTRODUCTION

Major depression (MD) is a common and episodic
disorder, which often causes a significant functional
loss and even death due to suicide (1,2). It is possible to
improve the quality of life of MD patients with a correct
diagnosis and treatment. There are many neuroimaging
studies evaluating the pathophysiological process of
depression using different imaging modalities (3-5).
Positron emission tomography (PET), single photon
emission computed tomography (SPECT), computed
tomography (CT) angiography and perfusion magnetic
resonance imaging (MRI) were often used to evaluate
cerebral blood flow (6,7) and some of these reports
showed alterations in both the cerebral blood flow and
cortical thickness in MD patients compared to healthy
controls (HC) (8-10). The decrease in cortical thickness
and limbic system volume was found to be associatied
with the number of the depression episodes in some of
these reports (10-12). Decreased blood flow to cerebral
cortical regions, such as frontal, cingulate and thalamic
cortices, were reported to be associated with depression
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and increased episode rate (13-15). The purpose of this
study was to determine whether there was a difference
in cerebral blood flow and cortical thickness between the
first and recurrent depressive episode patients compared
to healthy controls.

MATERIAL AND METHOD

The study was carried out with the permission of Clinical
Researches Ethics Committee of Bolu Abant Izzet Baysal
University (Date: 09.03.2017, Decision No: 2017/31).
All procedures were carried out in accordance with the
ethical rules and the principles of the Declaration of
Helsinki.

Participants

40 major depression patients who applied to psychiatry
clinic of our hospital between 01.03.2017-01.03.2018
were enrolled in the study and diagnosed with a semi-
structured clinical interview (SCID-I) according to
DSM-IV criteria by an expert psychiatrist of at least 4
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years of experience. 21 of these patients were in their
first depressive episode and 19 of them had recurrent
depressive episodes. Patients under antidepressant
treatment, with a diagnosis of psychiatric disorder
other than major depression, with a poor cognitive
performance, with a sleep disorder, with a history of
alcohol and drug abuse, with a diagnosis of other medical
disorders which might affect cerebral blood flow or
cortical thickness (infections, neoplasms, traumatic brain
injury, demyelinating diseases, hypertension, stroke,
vasculitis, diabetes mellitus), with a contradiction to
MRI scanning (pacemaker, MRI incompatible implants,
claustrophobia, physical deformation which do not allow
patient to get into MRI device), and patients below 18
or above 60 years of age were excluded from the study.
The control group consisted of 16 healthy subjects with
the same exclusion criteria. Depression severity of the
patients and controls were evaluated with Hamilton
Depression Rating Scale (HDRS).

Image Acquisition and Data Analysis

Imaging wasmadeina 1.5 Tesla MRImachine (Symphony;
Siemens Medical Systems, Erlangen, Germany). A head
and/or neck surface coil was used. Participants in first,
recurrent episode and control groups underwent MRI to
obtain isovolumetric 3D T1 MPRAGE on sagittal plane
(TR: 2400, TE: 3.61, FOV: 240x100, slice thickness: 1.2
mm) prior to contrast medium administration. After the
contrast medium (Gadovist 15 ml, 01. mmol/kg, injection
rate 3 ml/sn prior to 20 ml SF push), GE T2* DSC
perfusion sequence (TR:2410, TE: 47, FOV: 230x100,
slice thickness 5 mm) was obtained. MR images of
patients were uploaded to a workstation (syngoMMWP
VE25A, Siemens AG, Berlin and Munich, Germany) for
evaluations and measurements.

The thickness of bilateral prefrontal, insular,
parahippocampal and cingulate cortices were measured
using the T1 MPRAGE images on the axial plane. rCBF
values of the same regions were measured in the axial
plane of rCBF map generated in the workstation with
a region of interest smaller than 1.5 cm2. A radiologist
with at least 5 years of experience made the radiologic
evaluation.

Statistical Analysis

The normality of rCBF and cortical thickness
measurements for each location in different groups was
tested with the Shapiro-Wilk normality test. Normally
distributed rCBF and cortical thickness data were
compared with one way ANOVA test and posthoc
comparisons were done using Bonferroni correction.
Non-normal distributed data were compared with
Kruskal Wallis ANOVA test.
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According to normal distribution, either Mann
Whitney U test or student t test was used to compare
the data between the two groups. The relation between
rCBE cortical thickness, depression severity, number
of depressive episodes was analyzed with Pearson
correlation analysis. Statistical significance was accepted
as 0.05 in all statistical tests. The differences between the
groups were also summarized with boxplots.

RESULT

There was no significant difference in the cortical
thickness and rCBF values between the right and left
hemispheres for all locations. The mean rCBF value in
the right and left parahippocampal cortex were 9.9 ml/
min and 9.8 ml/min in HC’s; 12.9 ml/min and 13.1 ml/
min the first episode group and 14.2 and 15.0 ml/min in
the recurrent episode group. The mean rCBF value in
the right and left prefrontal cortex were 13.8 ml/min and
13.7 ml/min in HC’s; 22.0 ml/min and 25.1 ml/min in
the first episode group and 17.5 ml/min and 17.9 ml/min
in the recurrent episode group. The mean rCBF values
in the right and left insular cortex were 12.6 ml/min and
12.7 ml/min in HC’s; 22.8 ml/min and 21.6 ml/min in
the first episode group and 19.6 ml/min and 18.6 ml/min
in the recurrent episode group. The mean rCBF values in
the right and left cingulate cortex were 10.0 ml/min and
8.5 ml/min in HC’s; 21.2 ml/min and 21.6 ml/min in the
first episode group and 13.6 ml/min and 13.7 ml/min in
the recurrent episode group. The control group had the
lowest rCBF values for each location.

The mean rCBF of the parahippocampal area was lower
than the other regions in the first episode group (p <0.05).
The lowest mean rCBF was in the parahippocampal
area (13.04+6.17) and the highest mean rCBF was in
the prefrontal cortex (23.60+13.60) in the first episode
group. When the locations were compared in pairs,
rCBF measurements in the parahippocampal cortex in
the first episode group was found to be lower than the
measurements in the prefrontal cortex and insular cortex
locations (p values, 0.003 and 0.002, respectively).

In the recurrent episode group, the lowest mean rCBF
value was in the cingulate cortex (13.67+5.18); while
the highest mean rCBF value was in the insular cortex
(19.13+7.65) but, there was no significant difference
between the mean rCBF values of the different locations
in the recurrent episode group (p=0.059).

When the mean rCBF values of the first episode group
was compared with the recurrent episode group, the
mean rCBF values were lower in the prefrontal, cingular
and insular cortices in the recurrent episode group
compared to the first episode group but, a significant
difference was found only in the cingulate cortex region
(p<0.05) (Figure 1).
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Figure 1. Comparing box plots of mean rCBF values of each location in first and recurrent episode groups. Note: regional cerebral blood flow

(rCBF) value is expressed in ml/min.

In the first episode patient group, there was a significant
positive correlation between rCBF value of the right
prefrontal cortex and the Hamilton depression scale score
(p <0.05). In the recurrent depression group, a significant
negative correlation was found between rCBF value of
the left insular cortex and the Hamilton depression scale
score (p=0.040) (Table 1).

Table 1. rCBF values of the healthy control, first episode and
recurrent episode groups

Region Healthy First episode Ree;il;l(')rggt p
control group
group
Parahippocampus
Right 9.90+5.92 12.91£7.06 14.24+7.01 0.144
Left 9.81+5.41 13.17+5.95 15.096.66 0.081
Mean 9.86+5.60 13.04+6.17 14.67+6.43  0.096
Prefrontal cortex
Right 13.86+£89.7*  22.05%£12.26* 17.52+8.90  0.027*
Left 13.71£7.45*  25.15+15.70® 17.95+7.55* 0.002*
Mean 13.79+£80.40*  23.60+13.60° 17.74+8.09  0.006*
Insula
Right 12.61+8.53*  23.87+£14.00*  19.64+8.24  0.007*
Left 12.78+8.50*  21.58+11.32*  18.62+7.49  0.017*
Mean 12.70+£8.41*  22.72+12.56*  19.13+£7.65  0.009*
Cingulate cortex
Right 10.02£7.00°  21.20£12.50® 13.62+5.03* <0.001*
Left 8.47+5.69° 21.60+11.90® 13.73+5.93> <0.001*
Mean 9.38+6.28° 21.39+12.60® 13.6745.18" <0.001*
Values are means (standart deviation), regional cerebral blood flow (rCBF) value is
expressed in ml/min, p values obtained from One-way ANOVA test , *p significant
at <0.05. *,*Same superscript letter indicates statistically significant difference in the
post-hoc comparison between groups.

There were no significant differences between the
cortical thickness of all localizations in the first
episode group and the control group (p>0.05) (Table
2). However, the cortical thickness of all localizations
of the recurrent episode group was significantly lower
than both the first episode group and the control group
(p<0.05) (Figure 2).

Table 2. Correlation between rCBF measurements of different

locations and Hamilton depression rating scale score of the first
episode and recurrent episode patient groups

Location First Episode  Recurrent Episode

Group (n:21) Group (n:19)

r P r P

Right Parahippocampal 0.345  0.125 -0.244  0.314
Left Parahippocampal 0.247 0.280 -0.176  0.470
Right Prefrontal 0.434*  0.0049 -0.113 0.646
Left Prefrontal 0.361 0.108 -0.046 0.853
Right Insular 0.325 0.151 -0.423 0.072
Left Insular 0.331 0.143 -0.474*  0.040
Right Cingulate 0.248 0.279 -0.074 0.762
Left Cingulate 0.123 0.596 -0.062 0.802
Pearson’s correlation analysis, * correlation coefficients significant at a=0.05.
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Figure 2. Mean cortical thickness values of the locations in each
group. Note: Value of cortical thickness is expressed in mm.

Table 3. Comparison of the cortical thickness values of the groups

Location Groups Mean il p value
thickness (mm)
) Control 0.318
ﬁﬁgﬁippocampal First episode 0.317 0.003*
Recurrent episode 0.290
Control 0.320
Left First episode 0.319
Parahippocampal <0.001*
Recurrent episode 0.297
Control 0.317
Right Prefrontal  First episode 0.314 0.010*
Recurrent episode 0.298
Control 0.318
Left Prefrontal First episode 0.314 0.010%
Recurrent episode 0.299
Control 0.309
Right Insular First episode 0.316 0.028*
Recurrent episode 0.298
Control 0.311
Left Insular First episode 0.317 0.002%
Recurrent episode 0.294
Control 0.311
Right Cingulate  First episode 0.299 0.008*
Recurrent episode 0.288
Control 0.309
Left Cingulate First episode 0.300 0.025%
Recurrent episode 0.293
p values obtained from ANOVA test, * p significant at a< 0.05, cortical thickness value
is expressed in mms.

DISCUSSION

The mean rCBF value of the cingulate cortex was found
to be significantly lower in the recurrent episode group
compared to the first episode group and the cortical
thickness were found to be significantly lower in all
locations in the recurrent episode group compared to
both first episode group and the control group.

There are studies that report a decrease in volume in
certain cerebral regions in patients with depression. It
was reported that there was a decreased right and left
hippocampal volume in recurrent depressive patients (8).
It was also stated that there were structural changes in
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the hippocampus at the first episode, however there was
no change in the volume. They additionally stated that
the volume loss was added to this shape disorder with
recurrent episodes (10,11). Those reports were consistent
with the results of this study, which showed significantly
decreased thickness in the parahippocampal cortices in
the recurrent episode group compared to control and
first episode groups. Less hippocampal shrinkage was
reported in patients responding to treatment (12).

Structural MRI studies in patients with depression
were reviewed and it was reported that shrinkage in the
prefrontal, anterior cingulate and orbitofrontal cortex was
greater than the hippocampus in two different studies.
These findings suggest that frontal and cingulate cortex
may play a role as hippocampus in the pathophysiology
of depression (16,17). Volume reductions were detected
in subcortical structures and cortical brain structures,
such as the anterior cingulate cortex and the prefrontal
cortex, which have an important role in cognitive
function (18). It was reported that the frontal lobe was
7.2% smaller in patients with depression than in healthy
controls (9). We also detected a reduction in cortical
thickness in prefrontal, cingulate and insular cortex in
recurrent episode group in comparison to the remaining
two groups. There are also studies reporting that volume
loss in depression-related structures may be hereditary;
however, further studies on this subject are necessary
(19,20).

Cortical thinning is thought to occur with recurrent
episodes due to intermittent and continuous changes
in rCBF values. Excessive activity of the limbic system,
which plays an active role in anxiety and depression,
might induce hypothalamic-pituitary-adrenal axis,
which in turn might cause an increase in glucocorticoid
release and a decrease in volume (21-23). In addition,
depression and chronic stress might cause an increase
in proinflammatory cytokines leading to a decrease
in serotonergic transmission and a reduction in brain-
derived-neurotrophic factor synthesis through the
activation of hypothalamic-pituitary adrenal axis which
results in neuronal apoptosis and glial damage (24). It was
reported that frontal hypoperfusion was due to a decrease
in glutamate, glutamine and gamma aminobutyric acid
levels and this resulted in a decrease in frontal neuronal
size and glial cell density (14). Emotion blunting in
depression was associated with a decrease in frontal
neuronal size and glial cell density due to hypoperfusion
and with treatment, an improvement was seen in these
hypoperfused areas (25-28).

In previous studies, it was reported that neurochemical
impairment due to hypoperfusion was effective in
the development of depression (29-33). A decrease
of rCBF primarily in the left hemisphere, specifically
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in the left temporal lobe, left prefrontal cortex and left
anterior cingulate cortex was reported in patients with
depression compared to healthy individuals (4,13,21,29).
It was also reported decreased cortical perfusion in
bilateral frontal regions and bilateral thalamic regions
in patients with refractory depressive disorder (RDB)
and in the left prefrontal cortex in patients with non-
refractory depressive (NRD) disorder (14). Decreased
blood flow in the cingulate cortex leads to a deterioration
in the regulation of emotion and a decrease in patient
motivation and an increase in depression. It may also lead
to an increased number of recurrent episodes (15). In our
study, there was also significant reduction in rCBF value
of the cingulate cortex in the recurrent group compared
to the first episode group. Probably this decreased blood
flow might cause a loss of function of the cingulate
cortex and thus contribute to the formation of depressive
symptoms through emotion dysregulation.

Also, a significant positive correlation between right
prefrontal cortex rCBF value and total depression
score was found in the first episode patient group.
Predominantly increased rCBF in the right hemisphere,
specifically in the right cerebellum, thalamus, frontal
lobe and anterior cingulate cortex in depressed patients
compared to healthy controls was reported in previous
studies (3,21). Right hemisphere is mostly responsible
for processing negative emotions and it was shown to be
activated by negative facial cues (34). So, in more severely
depressed patients a greater right prefrontal cortex
activity might be seen as in our study. But besides that,
blood flow might be increased in the right prefrontal
cortex in order to protect neurons in the first episode
group.

In addition, there was a significant negative correlation
between rCBF value of the left insular cortex and total
depression score in the recurrent depressive patients.
Anterior insula and the cingulate cortex is part of the
salince network (SN) and it is an internal hub mediating
the interactions between central executive network (CEN)
and default mode network (DMN) (35). It plays an active
role in activating CEN and deactivating DMN (36). DMN
is activated during tasks involving autobiographical-
episodic memory, self-referential processes including
self-monitoring and social cognitive processes related to
self and others. The decreased blood flow to insula might
cause an activation of the DMN resulting in overthinking
about self, past relations and events with others in
recurrent depressed patients. If this remembering and
rumination is about mostly negative events this might
cause an increase in depressive symptoms. In addition,
decreased activity in insula might cause a deactivation of
the CEN which is mostly involved in working memory,
judgement and decision making in the context of goal-

directed behavior. Thus, deactivation of CEN might
result in a deterioration in the above mentioned cognitive
functions.

In our study, rCBF values of bilateral cingulate cortex
and insula and bilateral cingulate and insular cortical
thickness were significantly decreased in recurrent attack
patients. Because of the decrease in the blood flow and
thickness of the insular and cingulate cortex, the DMN
might remain active and the excitations might not be able
to be forwarded to CEN, which might lead to a decreased
production of appropriate behavioral responses to salient
stimuli and an increase in ruminative thoughts about the
past so that the effects of depression may become more
resistant and severe. In addition, the decreased cortical
thickness of the prefrontal and parahippocampal cortices
and the decreased rCBF in the right prefrontal cortex in
the recurrent episode patient group is consistent with
the fact that cognitive functions, especially executive
functions related to prefrontal activity and memory
related to parahippocampal activity, can be more
impaired in patients with recurrent attacks.

The main limitation in our study was the small number
of patients. Apart from the depression in the patients, the
exact distinctions of the pathologies that disrupted the
brain flow could not be made and they were excluded
according to the anamnesis of the patients. Since our
study was cross-sectional, it was not possible to determine
whether patients with first episode would be re-attacked
in the following period and blood flows and cortical
thicknesses could not be followed-up prospectively.

CONCLUSION

As a result, our findings showed that the cortical
thickness decreased significantly in the recurrent
episode group although it was not different in the first
episode group compared to healthy controls, suggesting
that prevention of recurrence of depression is a must in
order to preserve brain health. The lower rCBF values
in the bilateral cingulate cortex in the recurrent episode
patients compared to first episode patients and the
negative correlation between the left insular cortex CBF
values and depression score in the recurrent episode
group might suggest that the salience network which
regulate the dynamic interactions between the large
scale networks of DMN and CEN seem to be affected by
depression episodes.
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