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Objective: This study aimed to investigate changes in the gray matter volume (GMV) of ﬁrst-episode,
remitted drug-naïve patients under 6 weeks of escitalopram treatment for panic disorder (PD). We
also determined any persistent GMV deﬁcits after remission to assess for “state-dependent brain
changes” and “trait-like brain changes” for PD.
Method: 3-Tesla magnetic resonance imaging structural scans were performed on 21 PD patients at
baseline and in their remitted state at week 6 of the study. To account for the inter-scanner bias, 21
healthy controls were also scanned twice within 6 weeks. All structural images were processed and
analyzed to estimate GMV differences between patients and controls. We utilized optimized voxel-based
morphometry with global brain volume, age, and gender as covariates. We also estimated the correlation
between improvements in clinical rating scale scores and changes in total gray matter volumes to
conﬁrm the results of optimized voxel-based morphometry.
Results: Rating scales of panic symptoms improved signiﬁcantly (corrected p < 0.001). Remitted patients
showed increased GMV in the left superior frontal gyrus (corrected p < 0.05) after escitalopram therapy.
There were signiﬁcant GMV deﬁcits in the right precentral gyrus (corrected p < 0.05) after remission of
PD symptoms. Changes in total GMV after remission were correlated with changes in clinical scores
(r ¼ 0.638; Spearman’s rho p ¼ 0.002).
Conclusion: The left superior frontal gyrus (state-dependent brain changes) and the right precentral
gyrus (trait-like brain changes) might be implicated in the underlying pathophysiology of PD.
Ó 2012 Elsevier Ltd. All rights reserved.
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The fear network theory of panic disorder (PD) involves many
regions, including the medial prefrontal cortex, anterior cingulate
cortex, lateral prefrontal cortex, insula, thalamus, amygdala, and
brainstem (Gorman et al., 2000). In this model, the medial
prefrontal cortex, anterior cingulate cortex, lateral prefrontal
cortex, and insula are crucial regions for reception of sensory
signals that are sent from the temporal or occipital lobes and
ﬁltered by the amygdala and thalamus.
In previous voxel-based morphometry (VBM) studies, PD
patients were found to have decreased gray matter volume (GMV)
in the insula (Asami et al., 2009), as well as the temporal and frontal
regions (Asami et al., 2009; Lai et al., 2010; Roppongi et al., 2010;
Sobanski et al., 2010; Uchida et al., 2008; Yoo et al., 2005). Asami
et al. (2009) showed that male PD patients had greater GMV
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deﬁcits in the bilateral insula and female patients had greater GMV
deﬁcits in the right superior temporal gyrus. Roppongi et al. (2010)
found that the orbitofrontal GMV deﬁcits in PD might be associated
with neurodevelopmental alterations. Sobanski et al. (2010) suggested that GMV deﬁcits in the right middle temporal gyrus and the
medial orbitofrontal cortex might be implicated in the etiology of
PD However, GMV increases in the insula, the midbrain, and the
pons have been reported (Uchida et al., 2008). Our past study
showed that patients with PD and comorbid depression might have
GM deﬁcits in the fronto-cingulate and limbic structures (Lai et al.,
2010). Moreover, negative correlations were shown between the
clinical severity of PD and GMV deﬁcits in the right inferior frontal
gyrus as well as in the left superior frontal gyrus (Yoo et al., 2005).
VBM studies in PD that are longitudinal in nature have not been
conducted as of yet and will be an interesting direction for research.
Patients with PD also have an abnormal uptake of benzodiazepines in their frontal regions (Kuikka et al., 1995). Anticipatory
anxiety and panic attacks induce abnormal activities in fear
circuitry regions, such as the frontal regions, the insula (including
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the precentral gyrus), the superior temporal lobe, and the limbic
system (Boshuisen et al., 2002). Self-induced anxiety can induce
abnormal brain activities in the superior frontal cortex, the medial
frontal cortex, and the inferior frontal cortex (Kimbrell et al., 1999).
The frontal regions and the insula are also important for control of
the autonomic nervous function. The medial prefrontal cortex, the
anterior cingulate cortex, and the lateral prefrontal cortex are
related to top-down regulation. The insula is also associated with
autonomic arousal (Kuniecki et al., 2003; Liao et al., 2010). Reduced
gamma-aminobutyric acid binding pattern in the insula and the
frontal system of PD patients can contribute to top-down dysregulation (Cameron et al., 2007; Malizia et al., 1998). The major
functions of the insula include the receiving and processing of
sensory information, such as visceral stimuli or other sensory
stimuli. The insula also connects with other fear circuitry regions
for the modulation of fear responses and PD symptoms (Nagai et al.,
2007). Thus, the insula of patients with PD might detect and
overestimate the interoceptive stimuli, which might provoke PD
symptoms (Graeff and Del-Ben, 2008). In summary, the frontal and
insula might represent the most important regions for etiology
of PD.
The neuroanatomical hypothesis of PD suggests that the deﬁciency in serotonin is related to panic attacks. Acute tryptophan
depletion causes lower serotonin levels, which impairs the performance of cognitive function and causes attenuated activations of
frontal lobe in cognitive tasks (Allen et al., 2006). Antidepressants
(e.g., serotonergic agents) can treat PD symptoms through modiﬁcation of the serotonin system and proliferation of astrocytes in the
frontal regions after chronic administration (Kodama et al., 2004).
Antidepressants have been reported to modulate glucose metabolism in the frontal, occipital, and limbic system (Smith et al., 2002).
Our previous VBM report also showed that antidepressant treatment would lead to a subtle increase in GMV in the frontal regions of
remitted patients with comorbid depression and PD (Lai and Hsu,
2011). These studies help us understand the effects of antidepressants on the brain structure of individuals suffering from PD.
In this study, we planned to study the changes in GMV in ﬁrstepisode, drug-naïve patients with PD that remits after being treated
for 6 weeks with escitalopram (S-enantiomer of citalopram;
Leonard and Taylor, 2010). The 6-week interval was chosen as
a result of ﬁndings from previous reports that showed signiﬁcant
changes in GMV after 6 weeks of antidepressant treatment (Lai and
Hsu, 2011; Li et al., 2010; Sijens et al., 2008). According to the above
literature, we hypothesized that ﬁrst-episode, drug-naïve patients
with PD would show GMV increases in the insula or the frontal
regions (e.g., inferior frontal cortex, medial prefrontal cortex or
anterior cingulate cortex) after remission of PD symptoms, which
could be identiﬁed as “state-dependent brain changes”. However,
these patients might still have residual GMV deﬁcits even after
remission, which could be recognized as “trait-like brain changes”.
We utilized the optimized VBM method to estimate the differences
in GMV between patients and controls at baseline and at the 6th
week to identify “state-dependent brain changes” and “trait-like
brain changes” associated with escitalopram treatment for PD.
1. Methods
1.1. Participants
This study was approved by the Institute of Review Board,
Buddhist Tzu-Chi Hospital, Taipei Branch. The selection criteria for
patients were as follows: (1) First-episode, drug-naïve individuals
with a PD diagnosis made on the basis of DSM-IV criteria using the
Structured Clinical Interview for DSM-IV; (2) no other psychiatric
illnesses or medical illnesses; (3) severity of PD was at least
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moderate: Clinician Global Impression of Severity > 4, Quick
Inventory for Depressive Symptoms-Self Rating 16-item version
(QIDS-SR16) < 9, Hamilton Rating Scales for Depression (HDRS)
score < 7, Hamilton Rating Scales for Anxiety (HARS) score > 22,
Panic Disorder Symptom Severity Scale (PDSS) > 15, and panic
attacks of full blown symptom > 4 times within 4 weeks before the
baseline visit; (4) no previous cognitive behavioral therapy or other
psychotherapies; (5) no antipsychotic or ﬂuoxetine treatments
within the past 30 days; (6) no use of other psychotropic medications within recent 14 days; (7) no abuse of or dependence on
alcohol or other substances; and (8) no past history of claustrophobia or discomfort while receiving MR scanning. The healthy
controls had no psychiatric illnesses or signiﬁcant medical illnesses.
At the time of the MR imaging, none of the participants in the
control group received psychotropic treatment of any kind. Handedness was determined by using the Edinburgh Inventory of
Handedness (Oldﬁeld, 1971). All patients in the study received
10 mg of escitalopram per day, as well as 0.5e1 mg of alprazolam
per day for acute panic attacks and not for regular use.
2. MR imaging procedure
2.1. Data acquisition
The structural MR imaging brain scans were obtained using the
3T Siemens version scanners housed in the MR Center at the
National Yang Ming University. Scans with three-dimensional fast
spoiled gradient-echo recovery (3D-FSPGR) T1W1 (TR 25.30 ms;
TE 3.03 ms; slice thickness ¼ 1 mm (no gap) 192 slices;
matrix ¼ 224  256; ﬁeld of view: 256 mm; number of
excitation ¼ 1) were performed on the patients and controls at
baseline and at the sixth week.
2.2. VBM processing and statistical analysis
2.2.1. Preprocessing
After manually reorienting and centering the images on the
anterior commissure, data was processed based on the optimized
VBM approach. The SIENAX tool (Structural Image Evaluation, using
Normalization, of Atrophy) was used to calculate total GMV (from
spatially normalized images to make images comparable in
normalized space) for each patient and control. Structural MR
images were also processed with the FSLVBM (http://www.fmrib.
ox.ac.uk/fsl/fslvbm/, version 1.1) function of FSL (FMRIB Software
Library; version 4.1.1) to compare the differences in GMV between
patients and healthy controls. The theory of the FSLVBM method
consists of four major steps. First, brain skull or other non-brain
tissue was removed by “Brain Extraction Tool” (version 2.1) to
discard the confounding factors of non-brain tissues in subsequent
analysis. Second, FSL Automated Segmentation Tool v4 performed
tissue-speciﬁc segmentation to produce partial volume images of
gray matter with more uniform distribution of intensity values with
softer edges (Thomas et al., 2009). Then the images were aligned to
Montreal Neurological Institute 152 template through the afﬁne
registration. The registered images were averaged and concatenated to establish a 4D template of gray matter from all the
participants in this study. Third, the brain would be non-linearly
registered to the study-speciﬁc template and all the registered
images were visually inspected by Dr. Lai to check on the quality of
registration. All the segmented gray matter images were concatenated into a 4D multi-subject concatenated image, which was
modulated by Jacobian of the warp ﬁeld to compensate for the
contraction or enlargement induced by the nonlinear transformation. The modulated 4D image was smoothed by Gaussian
kernels (sigma 3 mm in FSLVBM protocol, which approximately

