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Orbito-Frontal Cortex Volumes in Panic Disorder
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Objective  Given the association between the pathophysiology of panic disorder and prefrontal cortex function, we aimed to perform
a volumetric MRI study in patients with panic disorder and healthy controls focusing on the in vivo neuroanatomy of the OFC.

Methods Twenty right-handed patients with panic disorder and 20 right-handed healthy control subjects were studied. The volumes
of whole brain, total white and gray matters, and OFC were measured by using T1-weighted coronal MRI images, with 1.5-mm-thick
slices, at 1.5T. In addition, for psychological valuation, Hamilton Depression Rating (HDRS) and Panic Agoraphobia Scales (PAS) were
administered.

Results Unadjusted mean volumes of the whole brain volume, total white and gray matter were not different between the patients and
healthy controls while the patient group had significantly smaller left (t=-6.70, p<0.0001) and right (t=-5.86, p<0.0001) OFC volumes
compared with healthy controls.

Conclusion Our findings indicate an alteration of OFC morphology in the panic disorder and suggest that OFC abnormalities may be

involved in the pathophysiology of panic disorder.
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INTRODUCTION

Panic disorder, as defined by the Diagnostic and Statistical
Manual of Mental Disorders, 4th ed. (DSM-IV), is a severe
psychiatric disorder associated with significant impairment of
the patients” quality of life as well as their social life function.'
It affects 2.7 percent of the general population at some point
in their lives.? It is a chronic and often disabling anxiety disor-
der. Panic disorder is characterized by unexpected panic at-
tacks.”

Functional studies revealed that extensive cerebrocortical
regions, especially the prefrontal cortex, limbic structures and
temporal cortex could be related to the pathophysiology of
panic disorder. Firstly, Fischer et al.* who used positron emis-
sion tomography (PET) demonstrated decreased regional ce-
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rebral blood flow (rCBF) in the right orbitofrontal cortex
(OFEC), anterior cingulate cortex (ACC), and anterior tempo-
ral cortex in a patient who unexpectedly experienced a panic
attack. Coplan and Lydiard* suggested that dysfunction of the
prefrontal cortex and excessive activation of the limbic struc-
tures including amygdala, could play an important role in
panic disorder. In other studies,’® it was demonstrated a rela-
tionship between activation in the amygdala and cingulate
cortex and fearful-neutral face recognition in patients with
panic disorder, and cerebellar vermis, temporal pole, insular
cortex and thalamus activation in panic attacks induced in
healthy subjects by injecting them with cholecystokinin tetra-
peptide (CCK-4), respectively. Gorman et al” reported that
several other regions such as the hippocampus, thalamus, in-
sular cortex and cingulate cortex, in addition to the amygdala
and prefrontal cortex, also contributed to the pathogenesis of
panic disorder.

As for the structural neuroimaging investigations, there
have been limited studies. In majority of these studies, vol-
umes reductions were reported in the amygdala, parahippo-
campus, putamen, temporal lobe and right inferior frontal
gyrus, left superior frontal gyrus and left superior temporal
gyrus (STG).*" In addition, insignificant volume increase of
the brainstem, and no change in the hippocampus were also



reported.""* Asami et al."” found significant gray matter vol-
ume reductions of the bilateral dorsomedial and right ventro-
medial prefrontal cortices, right amygdala, anterior cingulate
cortex, bilateral insular cortex, occipitotemporal gyrus and
left cerebellar vermis in the patients with panic disorder com-
pared to controls. In these studies, prefrontal cortex seems
one of the important regions in the neuroanatomy of panic
disorder. However, Uchida et al."® did not report any gray
matter abnormality of the prefrontal cortex in the patients
with panic disorder. In our a previous investigation on obses-
sive compulsive disorder (OCD),"” we found that OCD group
had significantly smaller left and right OFC volumes and sig-
nificantly greater left and right thalamus volumes compared
to healthy controls whereas anterior cingulate exhibited a
near-significant difference between the patients and healthy
controls on left side. In our another study,'® we suggested that
reductions in OFC and increase in thalamus volumes might
be associated with refractoriness of OCD. It is established that
OFC seems one of most important key brain regions in the
neuroanatomy of OCD. OFC receives direct reciprocal con-
nections from the amygdala' which is an important region in
the neuroanatomical pathways for panic disorder. So they
may be working together to mediate anxiety. It has been dem-
onstrated that OFC mediates anxiety behavior and perception
in child and adolescent primates® and is involved in emotion-
al processing® as much the most important clinical aspect of
panic disorder, anxiety and fear are associated with the func-
tion of the amygdala and fear sensation is stored in the hippo-
campus itself.

On the other hand, comorbidity studies revealed an impor-
tant association between panic disorder and OCD, but little is
known about the real relationship.”* Given the association
between panic disoder and prefrontal cortex, and between
panic disorder and OCD, we aimed to perform a volumetric
MRI study in the patients with panic disorder and healthy
controls patients focusing on the in vivo neuroanatomy of the
whole brain, total gray and white matter volume, and OFC.

METHODS

Subjects and clinical evaluations

The study group was composed of twenty patients with
panic disorder without agoraphobia (12 females and 8 males)
who were recruited from Firat University School of Medicine
Department of Psychiatry. Diagnoses were made according to
the Diagnostic and Statistical Manual of Mental Disorders
Fourth Edition (DSM-IV) and the Structured Clinical Inter-
view for the Diagnostic Schedule for Mental Disorders-
Fourth Edition (SCID).” Severity of panic symptoms was as-
sessed by using the Panic Agoraphobia Scale (PAS).” On the
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other hand, severity of depressive symptoms was assessed by
using the Hamilton Depression Rating Scale (HDRS).” Their
age, sex and parental socio-economic status (SES) were
matched by 20 healthy control subjects recruited from the
community and hospital staff.

The exclusion criteria included followings: any current co-
morbid psychiatric disorders except depressive disorder, cur-
rent or lifetime neurologic diseases, current medical prob-
lems, history of head trauma, and alcohol/substance abuse
within the 6 months preceding the study. With respect to co-
morbidity in the patient group, as assessed by the SCID and
clinical interviews, two patients met criteria for major depres-
sive disorder. Additional comorbid lifetime Axis I psychiatric
diagnoses were social anxiety disorder (n=2), hypochondria-
sis (n=1), and obsessive compulsive disorder (n=1). They had
history of following pharmacological treatment for these co-
morbidities: Paroxetine in three patients, clomipramine in
two patients, sertraline in one patient, haloperidole in one pa-
tient. Healthy control subjects had no DSM-IV Axis I disor-
ders in self or in a first-degree relative, beyond thay had no
current medical problems, neurologic or psychiatric histories,
and no use of psychoactive medication. They were compara-
ble in regard to education level, as mentioned also in the Re-
sults section.

The procedures followed were in accordance with the Hel-
sinki Declaration of 1975, as revised in 1983.

MRI procedure

MRI were acquired with a 1.5-Tesla GE signa Excite high
speed scanner (Milwakuee, USA). A high-resolution struc-
tural image of the entire brain was obtained using sagittally
acquired 3D spiral fast spin echo high-resolution images
[repetition time (TR)=2,000 ms, echo time (TE)=15.6 ms,
field of view (FOV)=240 mm, flip angle=20°, bandwidth=
20.8, slice thickness=2.4 mm, echo spacing=15.6 ms, 8 echoes,
matrix size=240, resolution=0.9375x0.9375x2.4 mm)].

Anatomic measurements were obtained on a computer ad-
vanced workstation with the GE Volume Viewer voxtool 4.2
program. Tracing was performed by one researcher (HY)
blind to subject diagnosis. Measured brain structures consist-
ed of the whole brain, total gray and white matter volumes,
and OFC. The boundaries of structures evaluated were delin-
eated on the coronal MR images according to standard brain
atlases™* and were adapted from Riffkin et al.* For the trac-
ing procedure for measuring the OFC, superior boundary
was defined by a line extending from the anterior commis-
sure to the posterior commissure. On the coronally, the pos-
terior boundary was defined as the point when the olfactory
sulcus was first noticed. The inferior boundary was accepted
as the most inferior aspect of the cortex. The lateral and me-
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dial boundaries were defined as the most lateral edge of the
cortex and the medial boundary of each hemisphere by the
longitudinal fissure, respectively. Example of the structure of
coronal slices is presented in Figure 1. All volumes were re-
ported in cubic centimeters. The intrarater reliability was
enough, with a intraclass correlation coefficient of 0.88 for
OFC.

Statistical analysis

Analysis of covariance (ANCOVA), t test and partial corre-
lation analyses were conducted using SPSS for Windows soft-
ware, version 13.0 (SPSS, Chicago, IL). In ANCOVA analyses,
age and whole brain volumes were covariates. Correlation
analyses was done by using Spearman’s rank test. Statistical
significance was defined as p<0.05 by a two-tailed test.

L)

Figure 1. Manual tracing of OFC landmarks. OFC: orbito-frontal
cortex.

Table 1. Clinical and demographic characterist

RESULTS

The patient and control groups did not differ in regard to
demographic and volmetrik variables such as age, gender
composition, educational level, and whole brain volume (p>
0.05). The PAS scores for the patient group was 15.65+4.99.
HDRS scores for the patient group and healthy controls were
11.6514.68 and 6.15+2.43 respectively (t=-4.66, p<0.001)
(Table 1).

As for the total white and gray matter volumes, there were
no differences between the patients and healthy controls (p>
0.05). The patient group had significantly smaller left (t=-6.70,
p<0.001) and right (t=-5.86, p<0.001) OFC volumes com-
pared to healthy controls. After excluding five patients who
had lifetime comorbidity, OFC volumes were still significantly
reduced in the patient group compared to healthy controls for
both sides (t=-6.12, p<0.001) and right (t=-5.79, p<0.001).

After ANCOVA analysis with age, gender, and whole brain
volume, and HDRS scores as covariates, no significant differ-
ences were found between the two groups for the whole brain
volume, total white and gray matter volumes (p>0.05). How-
ever, panic patients had significantly smaller volumes of OFC
compared to those of healthy control subjects for both left
[ANCOVA with age, gender, whole brain volume, and HDRS
scores as covariates: F=15.32, p<0.001; F=12.45, p<0.001;
F=15.11 p<0.001; F=15.10, p<0.001, respectively] and right
sides [ANCOVA with age, gender, and whole brain volume,
and HDRS scores as covariates: F=13.01, p<0.001; F=11.32,
p<0.001; F=11.69 p<0.001; F=27.10, p<0.001, respectively].
OFC volumes had not a significant relationship with age both
in healthy control subjects (r=—0.22, p>0.05) and in the pa-

Item Patient group (N=20) Control group (N=20) p

Age (years) 33.35+6.51 31.45%5.71 >0.05
Gender (female/male) 12/8 11/9 >0.05
Education high school >0.05

High school 5 7

Elemantary school 6 5

First school 9 8
Handedness (right) 20 20 >0.05
Length of illness (months) 0.410.3 -
Total PAS score 15.6514.99 -
Hamilton depression rating score 11.65+4.68 6.15+2.43
Whole brain volume 1377.51£230.31 14211.69£51.03 >0.05
OFC volumes

Left 11.01+1.55 15.49+2.42 <0.001

Right 10.79£1.19 14.89£2.89 <0.001

PAS: Panic Agoraphobia Scale, OFC: Orbito-frontal cortex
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tients (r=-0.19, p>0.05). PAS scores were not correlated with
OFC volumes (r=-0.11, p>0.05). Length of illness (mean+SD=
4.113.7 years), and HDRS scores did not significantly corre-
late with OFC volumes.

DISCUSSION

Very limited volumetric investigations were reported re-
garding OFC in the patients with panic disorder. Recently,
Roppongi et al.” focused on the structure of the OFC posteri-
or region, which receives multiple sensory inputs and modu-
lates the anxiety response and investigated differences in the
distribution of posterior orbital sulcus (POS) subtypes be-
tween patients with panic disorder and healthy control sub-
jects.

It can be said that the present article is one of the first inves-
tigations evaluating OFC volumes in the patients with panic
disorder. First of all, we would like to emphasize the main fin-
dings of this study: For the whole brain volume, total white
and gray matter volumes, there were no differences between
the patients and healthy controls while the patient group had
significantly smaller left and right OFC volumes compared
with healthy controls. In the patients with panic disorder,
some investigations including whole brain areas using voxel-
based morphometry did not reported OFC alterations. One
of these investigations, Yoo et al.”’ reported significantly de-
creased gray matter volumes of bilateral putamen and re-
duced at a less conservative level of significance gray matter
volumes in the right precuneus, right inferior temporal gyrus,
right inferior frontal gyrus, left superior temporal gyrus, and
left superior frontal gyrus. The other one' revealed a relative-
ly increased gray matter volume in the midbrain and rostral
pons of the brainstem, with increased ventral hippocampal
and decreased regional prefrontal cortex volumes at a lower
significance threshold. Our finding is similar to results of
Roppongi et al.”” who found that OFC volumes were smaller
in the patients with panic disorder compared to healthy con-
trols and concluded that volume reduction in OFC in panic
disorder might be associated with neurodevelopment.

OFC receives direct reciprocal connections from the amyg-
dala® which has been revealed to play an important role in
neuroanatomical pathways for panic disorder and so they
may be working together to mediate anxiety. It has been dem-
onstrated that OFC mediates anxiety behavior and perception
in child and adolescent primates'" and is involved in emo-
tional processing” as much the most important clinical aspect
of panic disorder, anxiety and fear are associated with the
function of the amygdala and fear sensation is stored in the
hippocampus itself. Given its association with anxiety modu-
lating role both behaviorally and perceptionally of OFC itself,
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our finding demonstrating that panic patients had signifi-
cantly smaller left and right OFC volumes compared with
healthy controls may be related to the pathogenesis of panic
disorder.

Meanwhile, we did not detect any association between the
length of illness and OFC volumes. This led us to consider
that OFC volume reduction might be a consequence of neu-
rodevelopmental process, although genetic and/or hormonal
factors might be involved in this structural alteration. In this
issue, a speculation considering OFC volume reduction over
time as a reflection of chronic hypofunction of OFC could be
done. Functional imaging of OFC may be useful for revealing
this speculation. Moreover, we could not find a relationship
between PAS scores and OFC volumes. This finding suggest
that smaller OFC volumes do not seem to be associated with
illness severity. On the other hand, no comorbidity of agora-
phobia in the study subjects may have affected this result.

Some particular limitations in our present findings should
be considered. First, our sample size was relatively small. Sec-
ond, we did not perform a segmentation for OFC volumes.
Third, possible selection bias such as the absence of agora-
phobia in the patient group and unavailability the PAS of the
control group might have affected to results. Fourth, history
of pharmacological treatment for comorbid conditions might
have affected our results. Fifth, tracing method and the ab-
sence of a second blinded investigator for manual tracing
were other limitations. Finally, limitations regarding the man-
ual tracing method is another one. The condition that our
study did not have the a second blinded investigator for man-
ual tracing might have led to possible selection bias. These are
important limitations of our study, and replication with bet-
ter-controlled samples is necessary to confirm the relevance
of our results.

In conclusion, our findings of smaller left and right OFC
volumes in the patients with panic disorder indicate changed
OFC morphology in the panic disorder and suggest that OFC
abnormalities may be involved in its pathophysiology.
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