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Objective Many evidences raise the possibility that the panic disorder (PD) patients with respiratory subtype (RS) may have charac-
teristic structural abnormalities. We aimed to explore the structural differences between PD patients with and without the respiratory
symptoms.

Methods Patients with PD were recruited from the Department of Psychiatry at Korea University Anam Hospital. Respiratory subtype
(RS) was diagnosed when at least 4 out of 5 of the following respiratory symptoms were present during the panic attack: fear of dying, chest
pain/discomfort, shortness of breath, paresthesias, and a choking sensation. We acquired high-resolution MRI scans and used FreeSurfer
to obtain a measure of cortical thickness for each patient.

Results Cluster based analysis revealed significantly decreased cortical thickness in the left hemisphere in the caudal-middle-frontal, supe-
rior frontal, and posterior parietal areas in the RS group. No significant difference was observed in any of the limbic areas.

Conclusion Respiratory symptoms of panic disorder were associated with a reduction in cortical thickness in the left frontal and parietal
areas. This finding leads to the assumption that the frontoparietal network is the crucial component in a larger cortical network underlying

the perception of dyspnea in RS.
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INTRODUCTION

Panic disorder (PD) is diagnosed when an individual expe-
riences recurrent and spontaneous panic attacks (PAs), which
characteristically begin with a sudden unexpected rise of ter-
ror associated with many autonomic symptoms, particularly
cardiorespiratory symptoms.' Despite ongoing research, the
pathophysiology of this disorder is yet not well understood.
According to the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM-IV), PD is a unitary diagnostic category.®
Nevertheless, within this category there are diverse clinical
presentations, leading to concerns that PD is not a singular di-
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agnosis.” As a response to these concerns, alternative classifica-
tion schemes have been devised. Klein* proposed two PD sub-
types: a respiratory subtype (RS) with prominent respiratory
symptoms, probably linked to a maladaptive false suffocation
alarm system, and the autonomic subtype, with prominent pe-
ripheral autonomic symptoms such as palpitations. Other au-
thors have proposed that the subtypes should be defined by the
most prominent symptoms during a typical PA, such as respi-
ratory, cardiovascular, and gastrointestinal subtypes.’

Briggs et al.° studied the psychopathology of 1,034 PD pa-
tients and found a high prevalence of respiratory symptoms.
In the first part of that study, the PD symptoms of all patients
were analyzed with a principal component analysis, a mathe-
matical procedure similar to factor analysis that transforms a
number of possibly correlated variables into a smaller num-
ber of uncorrelated variables called principal components.
This analysis separated two principal components: the first
included eight PD symptoms, whereas the second included a
fear of dying, chest pain/discomfort, shortness of breath, par-
esthesias, and a choking sensation. The first principal com-



ponent included most of the DSM-IV PD symptoms and was
correlated to the severity of PD. The second principal compo-
nent defined a distinct PD subtype, and the absence of these
symptoms defined another subtype. When at least four of the
five symptoms from the second principal component were pres-
ent in a given patient, he or she was considered to fall within
the RS group. The RS group suffered more spontaneous PAs
and seemed to respond better to antidepressants, whereas pa-
tients with a non-respiratory subtype (NRS) had more situa-
tional PAs and seemed to respond better to benzodiazepines.

In a study by Colasanti and colleagues, mixtures of CO, were
administered to 64 control subjects, and higher concentra-
tions of CO, produced more anxiety and PD symptoms.” The
factor analysis extracted three components: the respiratory
component was mainly characterized by shortness of breath
and choking, but also included dizziness, sweating, and pal-
pitations; the neurovegetative component included trem-
bling, chest pain, chills, nausea, and paresthesias; and cogni-
tive factors included fear of dying, fear of losing control, and
derealization. The respiratory component symptoms were
correlated with CO;-evoked subjective disturbance, as repre-
sented by scores on the electronic Visual Analogue Scale of
Anxiety.

Accordingly, Nardi et al.® observed that patients respond-
ing to a voluntary hyperventilation challenge in the laborato-
ry also reported more respiratory symptoms during attacks
in their daily life, and Biber and Alkin’ found that a respira-
tory subgroup of patients was more sensitive to the CO, chal-
lenge. Moreover, respiratory subgroups have been shown to
have later panic onset, longer illness duration, higher cigarette
consumption, and increased agoraphobia.*’ Because a higher
prevalence of asthma occurs in panic patients, this constellation
of respiratory symptoms may be linked to this comorbidity.

RS patients often have a familial history of PD," indicating
a potential role of genetic factors. Two studies on the genetics
of PD suggested that RS may be an important biological mark-
er, although these studies did not address this question di-
rectly." This neurobiological evidence in patients with RS raises
the possibility of characteristic structural abnormalities. How-
ever, previous studies have not resolved whether RS and NRS
are distinct PD subtypes with a well-defined phenotype. There-
fore, it is important to determine whether there are any clini-
cal or other individual differences that may be predictive of a
person’s panic subtype.

The aim of this study was to identify cortical structural dif-
ferences between patients with RS and NRS subtypes of PD.
Requiring no conscious thought, respiration happens spon-
taneously following the rhythmic nerve impulses generated and
regulated by a group of pacemaker cells in the medulla oblon-

gata and pons. However, breathing can also change in re-
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sponse to changes in emotions. Final respiratory output is in-
fluenced by a complex interaction between the brainstem and
higher centers, including the limbic system and cortical struc-
tures. Gorman et al."” proposed a significant role of a ‘fear net-
work’ that is centered in the limbic system such as amygdala,
hippocampus and medial frontal cortex. Excessive activity in
this network leads to autonomic and neuroendocrine activa-
tion through the projections to the brainstem and hypothala-
mus from the amygdala resulting in the typical PD symptoms.
Although limbic system has been play a significant role in
the common panic disorder pathophysiology, it is speculated
that another area would be involved in distinctive respiratory
symptom. Especially, neocortex area could be best candidate,
because it receives afferent signals from respiratory system
and transfer those signal to other areas. Therefore, we hypoth-
esized that decreased cortical thickness of neocortex struc-
tures involved in respiratory perception and control would
distinguish patients with RS from those with NRS.

METHODS

Subjects and procedures

The study population consisted of twenty one adult pa-
tients with PD ages 18 to 65 who were recruited from the De-
partment of Psychiatry at the Korea University Anam Hospi-
tal. All participants were right-handed as assessed by the
Edinburgh Handedness Test."”

Patients who met the criteria for diagnosis of PD as defined
by the Diagnostic and Statistical Manual for Mental Disor-
ders, Fourth Edition (DSM-1V),? were recruited for participa-
tion. For diagnosing psychiatric disorders, the Korean ver-
sion of the Mini-International Neuropsychiatric Interview
(MIND)" was administered by board certified psychiatric
professionals. The patients were diagnosed with RS or NRS
according to the criteria described by Briggs et al.® RS was
diagnosed when at least 4 out of the following 5 respiratory
symptoms were present during the panic attack: fear of dy-
ing, chest pain/discomfort, shortness of breath, paresthesias,
and a choking sensation.

Exclusion criteria for patients with PD were as follows: 1)
any past or current comorbid psychiatric disorders such as
mood disorders, psychotic disorders, anxiety disorders, sub-
stance-related disorders, and personality disorders, 2) intelli-
gence quotient under 80, 3) clinically significant general and/
or neurological disease which may influence brain structure
on imaging, 4) pregnancy or breastfeeding, and 5) any con-
traindication to undergoing magnetic resonance imaging
(MRI) such as the presence of a pacemaker.

After complete explanation of the study to all participants,
written informed consent was obtained. The study procedures
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were approved by the Institutional Review Board of the Korea
University Anam Hospital. This study was carried out in ac-
cordance with the Declaration of Helsinki as revised in 1989.

Assessment for psychopathology

In order to assess the severity of panic symptoms, the panic
disorder severity scale (PDSS)" were used. For the evalua-
tion of the anxiety symptoms, Hamilton anxiety rating scale
(HAM-A),' the Spielberger state-trait anxiety inventory (STAI)"
and anxiety sensitivity index, revised version (ASI-R),"® were
used.

MRI

Structural brain images were obtained from three-dimen-
sional MRI scans using a 3.0 Tesla Magnetom Trio Tim Sys-
tem (Siemens Medical Solutions, Inc., Iselin, NJ, USA) at the
Korea University Brain Imaging Center. The images were
taken with a high resolution T1-weighted Magnetization
Prepared Rapid Acquisition Gradient Echo (MP-RAGE) se-
quence (1900 ms repetition time, 2.6 ms echo time, 220 mm
field of view, 256X256 matrix size, 176 coronal slices without
gap, 1xX1x1 mm’ voxels, 16° flip angle, number of excita-
tions=1).

MRI processing for cortical thickness

Cortical thickness, defined as the shortest distance between
the gray/white matter boundary and the spiral surface at each
point across the cortical mantle, was automatically estimated
by FreeSurfer (software version 5.0, http://surfer.nmr.mgh.
harvard.edu).” The technical details of these procedures have
been described elsewhere.”® Briefly, the process consists of
correction for motion artifact, averaging over multiple T1 im-
ages, removal of non-brain tissue, Talairach transformation,
white matter and subcortical gray matter segmentation, tes-
sellation of the gray matter-white matter boundary, automat-
ic correction for topological defects, intensity normalization,
surface deformation, and parcellation of the cerebral cortex
into anatomical regions. Total intracranial volume (TIV) was

Table 1. Sociodemographic and clinical characteristics

also automatically calculated using FreeSurfer software.”
Through careful inspection of all raw images at segmented
and inflated stages, we confirmed that none of them exhibited
substantial defects. For further analysis, cortical maps were
smoothed using a Gaussian kernel with a full width at a half
maximum of 10 mm.

Statistical analysis

Demographic and clinical variables were compared be-
tween groups using Mann-Whitney test or X* tests for dichot-
omous variables. All statistical analyses of demographic and
clinical data were conducted using SPSS 18.0 (Chicago, IL,
USA). The thickness measurement of each vertex was mapped
onto a common spherical coordinate system using a spherical
transformation. Maps were smoothed using a 10 mm Gauss-
ian kernel. A general linear model controlled for the effects
of sex, age, and ICV in the estimation of differences in corti-
cal thickness between the groups with and without respirato-
ry symptoms at each vertex. The right and left hemispheres
were tested separately. Monte Carlo simulations were per-
formed in order to identify contiguous clusters of significant
vertex-wise group differences [family-wise error (FWE) cor-
rected, p<0.05].

RESULTS

Demographic and clinical variables

A total of 11 RS and 10 NRS patients were recruited to par-
ticipate in this study. The demographic and clinical variables
for each group are presented in Table 1. There were no signifi-
cant differences in age or gender between groups. Scales for
panic and general anxiety showed no statistical differences
between groups.

FreeSurfer

Cortical thickness was decreased in the RS group in a cir-
cumscribed cluster (p<0.05, corrected) located in the left cau-
dal middle frontal cortex, which is part of the premotor cor-

RS (N=11) NRS (N=10) Statistics p-value
Age (y)* 37.27 (9.36) 43.70 (12.283) 38.50 0.251
Gender, femalef 7 (58.3) 5(50) 0.528 0.398
PDSS* 9.40 (4.62) 8.60 (5.06) 43.00 0.631
HAM-A* 18.73 (11.57) 12.60 (8.15) 35.00 0.173
STAIX-S* 4473 (4.34) 43.90 (9.39) 44.00 0.468
STAIX-T* 45.45 (8.51) 40.10 (10.47) 31.50 0.099

Data are presented as means (SD) or numbers (%). *Mann-Whitney U test. Statistics, U, Tchi-square (X*) test was used. RS: respiratory sub-
type, NRS: non-respiratory subtype, PDSS: panic disorder severity scale, HAM-A: Hamilton anxiety rating scale, STAIX-S: state trait anxiety

inventory-state, STAIX-T: state trait anxiety inventory-trait
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tex, in comparison to the NRS group (Figure 1). The cluster
was 688.43 mm” in size and MNI coordinates at the maximum
were -33.4, -0.3,47.4 (x, y, z) (Table 2).

Significantly thinner cortex in the RS group was also found
in a confined cluster (Figure 1), located within the left supe-
rior frontal cortex (cluster size: 1329.51 mm? MNI coordi-
nates at the maximum: -6.9, 48.7, 40.5) and the left posterior
parietal cortex (cluster size: 791.45 mm?, MNI coordinates at
the maximum: -19.9, -62.1, 39.8) (Table 2).

DISCUSSION

Our major findings were that cortical thickness in the mid-
dle frontal, superior frontal, and posterior parietal areas of the
left hemisphere were decreased in the RS group compared to
the NRS group. It was suggested that dysfunction of these
cortical areas might represent a crucial pathophysiological
mechanism of RS. No significant difference was observed in
any of the limbic areas. Limbic areas are supposed to be the
common panic disorder pathophysiology. To the best of our
knowledge, this study is first structural MRI studies examin-
ing possible differences in gray matter structure in RS.

Despite the use of different intervention techniques, com-
mon activations in frontal areas have been demonstrated in
the several dyspnea imaging studies. In the previous stud-

Figure 1. Location of decreased cortical thickness in patients with
respiratory subtype panic disorder compared to the non-respirato-
ry subtype. A: Rosral view. B: Lateral view. C: Dorsal view. D: Cau-
dal view. p<0.05 (FWE-corrected). FEW: family-wise error.

Table 2. Cluster-based analysis
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ies’22,23

breathlessness was induced in nine healthy volunteers
by the inspiration of increased CO, (8%) using either a face-
mask or a mouthpiece. In the study of Evans et al.,” they in-
duced breathlessness in six healthy mechanically ventilated
participants by restraining the tidal volume below spontane-
ous levels in combination with constantly elevating arterial
Pco, levels by manipulating inspired Pco,, and compared dys-
pneic conditions with episodes of higher tidal volume com-
bined with normal arterial Pco,, which relieved breathlessness.
Hypercapnia in particular activates the middle frontal gyrus®
and co-activates the prefrontal cortex.” Restricted tidal vol-
ume below resting levels (Low VT) activates the superior fron-
tal gyrus.”* This activation may be the direct result of stimulat-
ing common lung and chest wall mechanoreceptors activated
by changes in thoracic volume. Otherwise, the frontal lobe
may play an important role in assigning emotional meaning
to the respiratory experience because it is implicated in the re-
tention of memories associated with emotions derived from
limbic input.®®

Inspiratory and expiratory loads as well as low VT activate
discrete regions of the posterior parietal lobule.” The poste-
rior parietal cortex receives and integrates information from
the somatosensory area, and sends this information on to
motor areas. This area is itself closely interconnected with the
prefrontal areas, and together these two regions represent the
highest level of integration in the motor control hierarchy. It
is here that the decisions are made about what actions will be
taken. Our study identified prominent thinning in the poste-
rior parietal cortex as well as in the prefrontal and premotor
cortices, primary components of the frontoparietal network
(FPN). Different brain regions show a high temporal correla-
tion in their activity which has led to the hypothesis that the
brain forms intrinsic connectivity networks (ICN).””*® The
term ICN describes a set of brain regions that are functional-
ly interconnected, even when the brain is not probed by ex-
ternal stimulation. Thus, the activity is not a reaction to some
sort of task but intrinsically generated by the brain itself. Mul-
tiple functional networks, including default-mode network,
have been identified with high reliability.**" Of these ICNG,
the FPN has been associated with executive functions, such
as attention, memory, and inhibitory control.*>** Moreover,
this network has been associated with global dimensions of
emotional functioning as well as with anxiety traits.**

Mean (SD) in mm
Cortical area Talairach coordinates BA p-value
Symptom+ (N=11) Symptom- (N=10)
Left caudal middle frontal cortex -33.0 1.9 43.6 6 2.58 (0.23) 2.66 (0.17) 0.039
Left superior frontal -6.8 49.0 34.9 9 2.80 (0.21) 2.83(0.12) 0.000
Left posterior parietal -19.7  -583 39.5 7 2.31(0.19) 2.35(0.18) 0.016
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Our results suggest that respiratory discomfort in RS pa-
tients may arise from disturbances in modulation of the per-
ceived intensity of sensations by factors other than the pri-
mary mechanism, which may include emotional processing.
Although the amygdala receives direct sensory inputs from
brainstem structures and the sensory thalamus that enable a
rapid response to potentially threatening stimuli, it also re-
ceives afferents from cortical regions involved in the process-
ing and evaluation of sensory information.” The posterior
parietal cortex has historically been considered a typical as-
sociation cortex, important for spatial attention and multi-
sensory integration in the generation of a unitary map whose
output is relayed to the frontal lobe to guide behavior.” Fron-
toparietal area has a unique set of reciprocal connections with
limbic and sensory areas.”** In other words, besides common
limbic fear network, FPN would play an important role in
pathomechanism of RS subtype PD. This can be new causal
model of respiratory phenotype PD.

There are several limitations of the current study that should
be noted. First, the sample size is small, primarily due to our
stringent inclusion and exclusion criteria. Patients with PD
frequently have comorbid psychiatric disorders , such as ma-
jor depressive disorder," alcohol abuse* and bipolar disorder.”
Additionally, these psychiatric conditions are known to be
associated with structural abnormalities in the brain. We be-
lieve that the absence of a comorbid anxiety disorder might
contribute to the validity of this study, since most of the anxi-
ety spectrum disorders are associated with disturbed fear cir-
cuitry composed of the amygdala, medial prefrontal cortex,
insula, and hippocampal formation.* Thus, the small sample
size included in this study allowed us to minimize any con-
founding factors which might have influenced our structural
data. Another weakness of this study is the cross-sectional de-
sign based on retrospective reports. Additionally, treatment
data were not collected and periods of PD exacerbation or re-
mission were not assessed. Lack of normal control values
from healthy volunteers is a limitation of this study. This also
limit interpretation of this study. Lastly, in using Briggs’ clas-
sification, patients with many symptoms have an increased
chance of being classified as respiratory subtype. On the oth-
er hand, if a patient has strong feelings of choking, shortness
of breath, and chest discomfort but does not experience par-
esthesias and fear of dying, she or he will not be diagnosed
with the respiratory subtype. Although consistent findings are
reported in patients with the respiratory subtype such as a posi-
tive family history and high sensitivity to CO, challenge tests,"
many studies report conflicting findings regarding the age of
onset and comorbidities.*” These inconsistencies may be due
to the limitations of Briggs’ classification. Other dimensional
taxonomy may also be helpful in identifying the core symp-
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toms and in capturing the subtle psychopathology of anxiety
disorders.*

In conclusion, we demonstrated decreased cortical thick-
ness in a confined area in the left superior and caudal middle
frontal cortex and posterior parietal cortex in RS patients.
These areas were related to respiratory perception and emo-
tion regulation, possibly reflecting emotional dysregulation
in RS. This finding suggested that the frontotemporal network
is a crucial component within a larger brain network under-
lying the perception of dyspnea. Although the sample size of
this study is small, we believe that our results help to elucidate
the etiological characteristics of RS, thereby improving thera-
peutic approaches in this population. Further studies with
larger sample sizes and additional subtypes of PD are neces-
sary to confirm and expand on our findings.
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