
Nonepileptic paroxysmal disorders, including panic
disorder (PD), are often encountered in neurological prac-
tice. The main manifestations of PD are repeated parox-
ysms of anxiety, i.e., panic attacks (PA), which are not
restricted to a defined situation or circumstance and are
therefore unpredictable. PA consists of inexplicable attacks
of fear which are excruciating for the patient, combined
with various autonomic (somatic) symptoms [Weissmann
and Merikangas, 1986]. Along with the widespread occur-
rence of paroxysmal sates in neurology, cardiologists also
frequently encounter nosological forms which have features
in common with paroxysmal neurological pathology: the
transient nature of the pathology and its frequent combina-
tion with emotional and autonomic impairments. One exam-
ple of such a paroxysmal state in cardiological practice is
provided by the psychosomatic disorder paroxysmal atrial
fibrillation (PAF) [Nedostup et al., 2007, 2002]. It should be

noted that PA are quite often misidentified as PAF. PAF
involves a rhythm impairment which can be regarded as
psychosomatic. This particularly applies to patients without
severe organic changes to the myocardium, in which parox-
ysms of atrial fibrillation are in most cases accompanied by
particular autonomic symptomatology and emotional disor-
ders (the sensations of butterflies, polyuria, sweating, irri-
tability, fear of death, etc.) [Nedostup et al., 2007]. The
important role of psychotraumatizing factors in the genesis
of both PA and PAF [Nedostup et al., 2007, 2002] and the
frequent clinical need for and difficulty of differentiating
them pushes comparative studies of these conditions
addressing not only common features, but also fundamental
psychophysical differences, into the limelight. Another very
relevant task is that of developing differential diagnostic
criteria for these paroxysmal states.

The aim of the present work was to undertake a com-
parative analysis of the psychological and neurophysiological
features of panic attacks and paroxysmal atrial fibrillation.

Methods
Studies included 22 patients (16 women and six men)

aged 18–39 (mean 28.69 ± 1.97) years with typical PA with-
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out agoraphobia and 19 patients (10 women and nine men)
aged 42–74 (mean 57.64 ± 2.52) years with PAF. As the PA
and PAF groups had significantly different ages, two control
groups were used, which were comparable in terms of age
and gender with the study groups. The control group for PA
consisted of 23 healthy subjects (15 women and eight men)
aged 19–44 (mean 32.67 ± 2.48) years (control group 1) and
that for PAF consisted of 20 healthy subjects (11 women and
nine men) aged 43–69 (mean 55.38 ± 2.61) years (control
group 2) with no neurological or cardiological pathology.

Each patient and healthy subject was informed of the
aims of the study and provided signed informed consent.
Patients received no medication during the two weeks prior
to initial investigation and did not attend any rehabilitation
or psychotherapy courses. Patients were investigated in the
interictal period. All patients and healthy subjects were
right-handed.

The following study methods were used.
1. Clinical neurological and somatic investigations

including history-taking, neurological and cardiological
examination.

2. Psychometric testing to determine the level of reac-
tive anxiety (RA), endogenous anxiety (EA) (Spilberger’s
test), and the level of depression (Beck scale).

3. Analysis of cognitive functions using neuropsycho-
logical investigation to assess the selectivity and switching
of attention (Munsterberg test), the stability and concentra-
tion of attention (Schulte tables), and tests for short-term
memory for words and numbers.

4. Neurophysiological study methods included EEG
recording with subsequent spectral analysis and auditory
event-related potentials (aERP) with evaluation of the P300
wave. EEG and aERP were recorded in subjects in a state of
relaxed waking with the eyes closed. Subjects sat in a com-
fortable chair in a darkened, soundproofed room.

EEG amplification and filtration were performed using
the Neokorteks program (Neirobotiks, Russia). Recordings
were made in 16 channels (time constant 0.3 sec, filter 70 Hz,
amplifier sensitivity 70–200 μV/division) with monopolar
electrode mounting using the international 10–20% scheme
with combined ear reference electrodes. The ground elec-
trode was placed on the subject’s forehead. Resistance
between the ground and recording electrodes was less than
5 kΩ. After removal of artifacts, 10 EEG segments each of
duration 8 sec were analyzed. A fast Fourier transform was
used to obtain the absolute (μV2/Hz) spectral density of the
signal power for rhythms in the following frequency ranges:
delta – 0.5–3 Hz; theta – from 4 to 7 Hz; alpha – from 8
to 13 Hz; beta1 – from 14 to 18 Hz; and beta2 – from 19 to
32 Hz. The delta and beta2 ranges were not analyzed fur-
ther because it was not possible to completely eliminate
artifacts because of the patients’ high levels of anxiety
(especially in the isolated room). As analysis of the beta2
rhythm was not performed, the beta1 rhythm was termed
the beta rhythm.

Cognitive functions were evaluated objectively by
recording aERP in the situation of random presentation of
events (“oddball” paradigm). Auditory stimulation was per-
formed using separate triggers for initiating and averaging
rare (target) stimuli, i.e., tonal bursts with a filling frequen-
cy of 2000 Hz, and frequent (nontarget) auditory stimuli,
i.e., bursts with a filling frequency of 1000 Hz. Stimuli were
of duration 50 msec and intensity 80 dB and were delivered
binaurally at a frequency of 2.1 Hz in pseudorandom order
with an appearance probability of 30% for target stimuli.
Subjects were told to note only the target stimuli. Recor-
dings were made using monopolar C3-M1 and C4-M2 leads
(from the central areas of the left and right hemispheres rel-
ative to the ipsilateral mastoid process of the temporal
bone) using the international 10–20% system with the
ground electrode at position Fpz. Potentials were amplified
and averaged using a NeiroMVP apparatus (Russia). The
amplifier sensitivity was 20 μV/division for traces and 5
μV/division after averaging. The bandpass was 0.5–30.0 Hz
and the analysis epoch was 750 msec. The resistance
between the ground and recording electrodes was less than
5 kΩ; the numbers of responses averaged for target stimuli
were 26–29. The reproducibility of event-related potentials
was assessed in each patient by averaging aERP twice in
independent time series which were then superimposed.
The latent period (LP) and amplitude of the P30 wave (from
the N2 peak to the P30 peak) were assessed. The only
event-related potentials analyzed were those for target stim-
uli. Habituation was calculated as the difference between
the amplitudes of the first and second averaging series.

5. Statistical analyses. Data were processed in Statistica
6.0 for Windows to run Student’s test and analysis of variance
(ANOVA). Interactions between quantitative parameters
were identified using the Pearson correlation coefficient (r).
Differences were regarded as significant at p < 0.05.

Results
A characteristic feature of the present study was the

fact of a significant age difference between the groups.
Thus, patients of each group were compared with their own
control group selected on the basis of age and gender, and
comparisons between groups took cognizance of the age
difference affecting cognitive functions and aERP.

Patients of both groups were significantly different
from healthy subjects (p < 0.001) in having higher levels of
reactive anxiety, endogenous anxiety, and depression.
Neuropsychological analysis of cognitive functions showed
that patients remembered significantly fewer (p < 0.001)
numbers (short-term memory for numbers) and words
(short-term memory for words) than healthy subjects, and
had significantly lower (p < 0.001) levels of selectivity and
switching of attention (fewer words identified in the
Munsterberg test) and lower stability of attention (increased
mean time spent on the five Schulte tables).

Comparative analysis of the emotional status of pa-
tients showed that in terms of the level of depression, these
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two groups of patients were not significantly different from
each other, while levels of anxiety (both endogenous and
reactive) were significantly greater (p < 0.02) in patients
with PA than in patients with PAF, even without allowing
for the age differences (Table 1).

Measures of cognitive function and the amplitude-time
parameters of P300 aERP in patients with PA and PAF were
compared using relative units (study group values as per-
centages of control group values), considering the fact of
significant differences in cognitive parameters (attention and
memory), as well as the characteristics of P300 aERP with
age, which differed significantly between groups (p < 0.01).
Comparative analysis of neurophysiological test results
showed that patients with PA differed from patients with PAF
in being associated with greater levels of impairment to the

concentration and stability of attention (percentage difference
in patient’s values from corresponding control group values
frequency performance of Schulte tables: 28.45 ± 0.79% vs.
12.23 ± 0.89%, p < 0.02). PA also differed from PAF in hav-
ing a higher percentage decrease (compared with the corre-
sponding control group) in the number of numbers remem-
bered (–19.78 ± 0.43 vs. –12.68 ± 0.39, p < 0.05). There was
no difference between the two groups of patients in terms of
the extent of impairment to the selectivity and switching of
attention (percentage difference in patients’ values from
those in the corresponding control group in the Munsterberg
test: –18.67 ± 0.47% vs. –21.15 ± 0.91%, p > 0.1) and dec-
reases (compared with the corresponding control groups) in
the numbers of words remembered (–13.23 ± 0.36 vs.
–15.74 ± 0.43, p > 0.1). Thus, patients with PA showed gre-
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TABLE 1. Levels of Depression and Anxiety in Patients with Panic Attacks and the Paroxysmal Form of Atrial Fibrillation (M ± m)

Notes. Significant differences between patients and healthy subjects; *p < 0.001; •significant differences between patients with panic
attacks and patients with the paroxysmal form of atrial fibrillation, p < 0.02.

Fig. 1. Measures of cognitive functions in patients with panic attacks and the paroxysmal form of atrial fibrillation. Data
are shown as percentage differences in values for groups of patients compared with the corresponding control groups.
Significant differences between patients with panic attacks and patients with the paroxysmal form of atrial fibrillation,
*p < 0.05, **p < 0.02.



ater impairment to the concentration and stability of atten-
tion and short-term memory for numbers than patients with
PAF (Fig. 1).

Groups of patients also differed from each other in
terms of the nature and extent of changes in P300 aERP par-
ameters. PA patients, compared with PAF patients, showed
greater changes in P300 wave amplitude in both hemi-
spheres, the nature of these changes being in different direc-
tions: increases in P300 wave amplitude in PA and decreases
in PAF, as compared with the corresponding control groups.
There were no significant differences in habituation (absolute
units) between PA patients and PAF patients (Fig. 2).

Correlational relationships between the results of psy-
chological tests and P300 aERP were evaluated by Pearson
correlation analysis. The group of PA patients showed a sig-
nificant (p < 0.05) correlation between P300 amplitude in
the two hemispheres and Schulte table performance mea-
sures (left 0.71, right 0.73), measures on the Munsterberg
test (left 0.53, right 0.54), and memory for words (left 0.49,
right 0.48) and numbers (left 0.69, right 0.67). Patients with
PAF showed a significant (p < 0.05) correlation between
P300 amplitude in the two hemispheres with performance
measures on Schulte tables (left 0.62, right 0.64), measures
in the Munsterberg test (left 0.47, right 0.49), and memory
for words (left 0.41, right 0.42) and numbers (left 0.52,
right 0.54). Thus, correlation analysis in both groups of
patients demonstrated significant links between P300 wave
amplitude and measures of focused attention and short-term
memory, the relationship being closer in PA patients. In addi-

tion, all groups of patients showed statistically significant
relationships (p < 0.05) between measures on neuropsycho-
logical tests, the amplitude component of P300, and levels
of endogenous and reactive anxiety and depression. Levels
of anxiety and depression correlated negatively with focused
attention and short-term memory in both groups of patients,
negatively with the P30 peak amplitude in PAF, and posi-
tively with P300 wave amplitude in PA.

EEG spectral analysis in groups of patients with PA
and PAF showed both common and specific changes in
brain bioelectrical activity as compared with the corre-
sponding control groups. As compared with healthy sub-
jects, patients of both groups showed lower levels of alpha
activity power in the right hemisphere, reaching statistical
significance in the PA group (p < 0.02–0.05) in all areas
other than the frontal lobe and in the PAF group only in the
anterior frontal, inferior frontal, and central-parietal areas
(p < 0.02–0.05). There were no significant differences in the
left hemisphere between groups of patients and control
groups. Patients with PAF differed from patients with PA in
have significantly (p < 0.01–0.04) lower alpha-rhythm spec-
tral power levels in the parietal and occipital areas of both
hemispheres and the posterior temporal and central areas of
the left hemisphere (Table 2). Thus, patients with PA, as
compared with patients with PAF, had larger decreases in
alpha-rhythm power in the right hemisphere with a pre-
dominance of alpha activity in the left hemisphere.

Changes in EEG spectral power characteristics in the
EEG beta frequency range in patients with PA and patients
with PAF, as compared with healthy subjects, were in the
opposite directions. While the PA group showed signifi-
cantly (p < 0.03–0.05) greater beta-activity power in the
frontal, temporal, central, parietal, and occipital areas of the
right hemisphere than seen in healthy subjects, the PAF
group showed significantly (p < 0.02–0.05) lower beta-
activity power in the central, parietal, and occipital areas of
both hemispheres and in the frontal and temporal areas
of the left hemisphere. Comparison of the two study groups
of patients showed that those with PAF showed significant-
ly (p < 0.01–0.05) lower levels of beta-rhythm spectral power
in the frontal and temporal areas of both hemispheres, as well
as the central-parietal area of the right hemisphere (Table 3).
Thus, the group of patients with PA was characterized by
increased beta-activity power in the right hemisphere, while
patients with PAF had decreased beta-activity power in both
hemispheres, as compared with healthy subjects.

Spectral power in the theta range was not significantly
different in PAF patients as compared with the correspond-
ing control group, while PA patients showed significantly
(p < 0.01–0.05) greater theta-activity power in the temporal
and central-parietal areas of the right hemisphere than seen
in both the control group and the PAF group (Table 4).

Discussion
Before addressing our results, we will dwell briefly on

the question of the structural-functional organization of the
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Fig. 2. Measures of P300 auditory event-related potentials in patients with
panic attacks and the paroxysmal form of atrial fibrillation. Data are shown
as percentage differences from the corresponding control groups.
*Significant differences between patients with PA and patients with PAF,
p < 0.001.



areas of the brain involved in the pathogenesis of anxious-
phobic disorders. Many studies have demonstrated that the
occurrence of anxiety, fear, and autonomic paroxysms
depends on the functional activity of structures in the tem-
poral-limbic-reticular complex [Vein et al., 2004; Volpe et
al., 2004]. Some researchers take the view that PD is a mul-
tidimensional anxiety disorder producing activation of a
complex cerebral “fear network” [Gorman et al., 1989]. In
recent years, neuroimaging methods have made enormous
contributions to our understanding of the structural and fun-
ctional neuroanatomy of anxiety disorders. The amygdala
appears to be the key structure in producing fear and anxi-
ety states; it has been shown to be activated in situations
inducing anxiety. The amygdala, insula, and cingulate cor-
tex are regarded as three structures related to the “fear net-
work” [Holzschneider and Mulert, 2011]. Many studies
have provided evidence that brain structures such as the pre-
frontal and anterior cingulate cortex and limbic areas (hip-
pocampus and amygdala) may play major roles in the
pathogenesis of PD [De Carvalho et al., 2010; Gerez et al.,
2011]. fMRI studies have shown that emotional dysregula-
tion in PD may result from decreases in the activity of the
prefrontal cortex in the regulation of emotions, which cor-
responds to insufficient levels of top-down control [Ball et
al., 2012]. On the other hand, a number of authors have
reported that patients with PD, as compared with healthy
subjects, showed increased activity in the left prefrontal
cortex on presentation of words associated with panic,

which may point to changes in the processing of emotion-
ally significant stimuli [Dresler et al., 2012]. An MRI study
using optimized voxel-based morphometry addressed the
gray matter in patients with PD before and after six-week
courses of escitalopram treatment. Statistical analysis
demonstrated significant decreases in the symptoms of PD
(p < 0.001) after treatment. Clinical improvements were ac-
companied by increases in the volume of the gray matter in
the left superior frontal gyrus (p < 0.05), while the signifi-
cant deficit in gray matter volume in the right precentral
gyrus persisted (p < 0.05). The changes in the total volume
of gray matter after remission correlated with changes on
clinical scales (r = 0.638; Spearman correlation coefficient,
p = 0.002). the authors suggested that the left superior fron-
tal and right precentral gyri take part in one of the main mech-
anisms of the pathophysiology of PD [Lai and Wu, 2013].

Within the framework of evidence-based medicine,
several electrophysiological studies of anxiety disorders
with the aim of identifying biomarkers to improve the dif-
ferential diagnosis of these disorders have now been report-
ed [Clark et al., 2009]. On the other hand, results from a
number of studies have indicated impairment of the cerebral
mechanisms of psychoautonomic regulation in patients
with PAF (Nedostup et al., 2007].

Thus, one of the tasks of the present study was to under-
take a comparative analysis of EEG parameters in PA and
PAF. Both groups of patients, as compared with healthy con-
trols, showed significantly lower alpha-activity power levels
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TABLE 2. Spectral Power (μV2/Hz) of the Alpha Rhythm in Groups of Patients with Panic Attacks and the Paroxysmal Form of Atrial
Fibrillation and the Control Groups (M ± m)

Note. Significant differences between patients and healthy subjects, *p < 0.02–0.05; significant differences between patients with PA
and patients with PAF, Ap < 0.01–0.04.



in the right hemisphere, with dominance of this activity in the
left. Many studies have shown that mean total alpha-rhythm
power in most healthy people in the state of calm waking is
lower in the left hemisphere than the right, which is evidence
for higher levels of activation [Batler and Glass, 1974]. This
can be explained in terms of the fact that the left hemisphere
has closer connections with the desynchronizing stem-reticu-
lar systems than the right, which is activated to a greater
extent by the limbic system [Bragina and Dobrokhotova,
1988]. Decreases in right-hemisphere alpha-rhythm power in
patients may be evidence for a decrease in the activity of the
thalamocortical synchronizing system. Previous studies have
shown that impairments of synchronized neuron activity in
different brain structures, especially the limbic system,
underlie the occurrence of PA [Adamaszek et al., 2011].
Results obtained by Wise et al. (Wise et al., 2011], who
reported decreases in spectral power in the alpha1 frequency
range (8–11 Hz, p = 0.014) and frontal asymmetry in the
alpha1 range (power in the right hemisphere was less than
power in the left hemisphere) in patients with PD as com-
pared with healthy subjects, are consistent with our data. The
authors felt that alpha1 desynchronization occurs in response
to increases in the activity of nonspecific information pro-
cessing and reflects such aspects of attention as alertness.

The literature contains a few studies addressing the
EEG in PAF patients. In particular, marked depression of
the alpha rhythm was seen in patients with PAF, this corre-
lating with high levels of anxiety [Bashkov et al., 1990].

Along with the EEG changes common to patients with
PA and PAF, specific changes were also seen. Patients with
PA, as compared with healthy subjects, showed higher
power levels in slow-wave theta activity in the temporal and
central-parietal areas of the right hemisphere. Our data are
consistent with results obtained from previous studies,
which demonstrated repeated slow waves in the theta fre-
quency range [Hayashi et al., 2010]. In recent years, the
theta rhythm has been regarded as the basal rhythm linked
with cognitive functions and cortical-hippocampal-limbic
interactions which functionally integrate different sections
of the nervous system [Basar et al., 2011]. The “emotional”
theta rhythm, of “limbic” origin, is evidently directly relat-
ed to the cognitive component of emotional responding in
humans [Simonov, 1981]. Activation of the hippocampus,
in contrast to activation of the brainstem reticular forma-
tion, leads not to weakening, but to strengthening of the
synchronization of cortical biopotentials [Boldyreva et al.,
1997]. These results correlate with neuroimaging data pro-
viding evidence of the important role of structures such
as the hippocampus, amygdala, cingulate gyrus, and mid-
temporal regions of the cortex in the pathogenesis of PD
[De Carvalho et al., 2010; Gerez et al., 2011]. A relationship
has been demonstrated between the occurrence of PA and
the level of functioning of structures in the limbic system –
the amygdalo-septo-hippocampal complex [Volpe et al.,
2004]. Thus, it can be suggested that the significant increas-
es in theta activity in the right temporal and central-parietal
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TABLE 3. Spectral Power (μV2/Hz) of Beta Activity in Groups of Patients with Panic Attacks and the Paroxysmal Form of Atrial
Fibrillation and the Control Groups (M ± m)

Note. Significant differences between patients and healthy subjects, *p < 0.02–0.05; significant differences between patients with PA
and patients with PAF, Ap < 0.01–0.05.



areas in PA patients seen in the present study reflect incre-
ases in the modulatory influences of limbic (hypothalamo-
septo-hippocampus) structures.

It should be noted that in terms of theta-activity param-
eters, the group of patients with PAF showed no significant
differences from the corresponding control group.

The main distinguishing feature of the groups of
patients studied here was the differently directed nature of
changes in EEG spectral power in the beta frequency range:
increases in the right hemisphere in patients with PA and
decreases in both hemispheres in patients with PAF. Data
have been obtained evidencing the involvement of the cor-
tex of the right hemisphere in the processes underlying anx-
ious and nonspecific emotional activation [Strelets and
Golikova, 2001]. It can be suggested that the increase in
beta-activity power in the right hemisphere in PA patients
reflects an increase in the activity of the midbrain reticular
formation.

Thus, our results and published data suggest that
depression of the alpha rhythm combined with significant
increases in beta and theta activity in the right hemisphere
in PA patients reflects increases in the activatory influences
of the mesencephalic reticular formation and the modulato-
ry influences of the temporal-limbic (hypothalamo-septo-
hippocampal) structures on the cortex of the right hemi-
sphere, i.e., activation of neural structures in the complex
cerebral “fear network” [De Carvalho et al., 2010; Gerez et
al., 2011; Gorman et al., 1989; Holzschneider and Mulert,

2011], which may provide the grounds for the occurrence of
paroxysms in the form of PA.

The decreases in beta-rhythm power in both hemi-
spheres and the decrease in alpha-rhythm power in the
right hemisphere in patients with PAF probably reflect
decreases in the activatory influences of the mesencepha-
lic reticular formation on the cortex of both hemispheres
and decreases in the activity of the thalamocortical sys-
tem in the right hemisphere. Impairments to the home-
ostasis of cerebral activity in PAF patients may promote
the occurrence of paroxysms of atrial fibrillation, while
atrial fibrillation, degrading cerebral hemodynamics, may
lead to deterioration in the functioning of neural struc-
tures in the brain.

Analysis of psychometric and neuropsychological
study data showed that both groups of patients differed
from healthy people in having severe anxious-depressive
disorders and impairments to focused attention and short-
term memory. Fear and anxiety alter the course of cognitive
mental processes. Intense feelings of anxiety and panic lead
to disorganization of intellectual and mnestic activity. Thus,
impairments to focused attention and short-term memory in
the patients studied here were probably due to difficulties in
concentrating on the tasks and increases in distractibility as
a result of their elevated levels of anxiety and depression.
This is supported by the significant negative correlation
between parameters of cognitive function and anxiety and
depression measures seen here.
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TABLE 4. Spectral power (μV2/Hz) of Theta Activity in Groups of Patients with Panic Attacks and the Paroxysmal Form of Atrial
Fibrillation and the Control Groups (M ± m)

Note. Significant differences between patients and healthy subjects, *p < 0.02–0.05; significant differences between patients with PA
and patients with PAF, Ap < 0.01–0.05.



It should be noted that PA patients had higher levels of
anxiety and more severe degradation of cognitive functions
(attention and memory), as well as larger changes in P300
aERP amplitude, than patients with PAF. In addition, PA
was associated with an increase in the amplitude of the
P300 peak, while PAF was associated with a decrease from
the magnitude seen in healthy subjects.

Many published data provide evidence that there are
close correlations between the amplitude-time parameters
of aERP and the level of focused attention and the volume
of short-term memory [Polich and Kok, 1995]. Changes in
the amplitude-time characteristics of the P300 peak have
previously been observed in patients with anxiety disorders
[Gordeev and Shvarkov, 2008; Wise et al., 2009] and corre-
lated with low values from neuropsychological and learning
tests sensitive to frontal and temporal dysfunction.

The results obtained here, along with published data,
lead to the suggestion that decreases in the amplitude of the
P300 component in PAF from the level seen in the control
group are associated mainly with impairments to focused
attention and short-term memory. This conclusion is sup-
ported by the positive correlation between the amplitude of
the P300 peak and measures of cognitive function seen
here. In addition, the low P300 amplitude may be due to
presence of anxious-depressive disorders in PAF patients,
which is supported by the negative correlation between
these parameters.

In contrast to patients with PAF, PA patients showed an
increase in the amplitude of the P300 wave from the level in
healthy controls, higher levels of reactive and endogenous
anxiety and more marked impairments to focused attention
and short-term memory. Data have been obtained showing
that the amplitude of the P300 wave increases in emotional
activation and during increases in attention [Kostandov,
1990]. The anomalous increase in amplitude in typical PA
without agoraphobia can be explained in this situation in
terms of the more significant mobilization of attention and
memory resources (due to the increased level of anxiety) for
the task at hand with the aim of compensating for these
patients’ impairments to cognitive function. An increase in
P300 wave amplitude in PA has also been reported by other
authors [Pauli et al., 2005]. The increased amplitude may
also reflect hyperactivity of cortical neurons (as evidenced
by the increase in the activatory influences of the mesen-
cephalic reticular formation and temporal-limbic structures
on the cortex seen in the present study).

This analysis indicates that cognitive processes depend
not only on the state of cerebral cortical structures respon-
sible for consciousness, memory, and focused attention, but
also the state of regulatory subcortical-stem structures, i.e.,
the state of the systems maintaining the optimum tone of the
cortex and the reactive properties of the brain at a defined
level. These results provide grounds for suggesting that
impairments to the functioning of the limbic-reticular sys-
tem of the brain may be an important neurophysiological

mechanism in the pathology of attention, memory, and the
psychoemotional domain in patients with PA and PAF.

Thus, the present study showed that PA and PAF differ
significantly in terms of the nature of changes in the EEG,
P300 aERP, anxiety levels, and severity of cognitive disor-
ders, reflecting differences in the nature and extent of func-
tional impairments to nonspecific brain systems in these
types of illness. The most severe changes were seen in PA.

Conclusions
Patients with panic attacks and the paroxysmal form of

atrial fibrillation were characterized by both common and
specific psychophysiological features.

Both groups of patients differed from healthy subjects in
having higher levels of reactive and endogenous anxiety, the
presence of depression, and impairments to short-term mem-
ory and focused attention. The EEG characteristic common
to patients with panic attacks and the paroxysmal form of
atrial fibrillation, distinguishing them from healthy subjects,
was a decrease in alpha activity in the right hemisphere, with
a predominance of the alpha rhythm in the left hemisphere,
providing evidence of activation of the right hemisphere.

Along with the common psychophysiological charac-
teristics of the patients, the groups also showed specific dif-
ferences. The group of patients with panic attacks differed
from the group with the paroxysmal form of atrial fibrilla-
tion in having higher levels of reactive and endogenous anx-
iety and more marked impairments to short-term memory
and focused attention. Distinguishing neurophysiological
features of these paroxysmal states were differently direct-
ed changes in the amplitude of the P300 component of audi-
tory event-related potentials: a decrease in the paroxysmal
form of atrial fibrillation and an increase in panic attacks, as
compared with the control groups, as well as different types
of changes in the EEG theta- and beta-frequency bands,
with increases in theta- and beta-activity power in the right
hemisphere in patients with panic attacks as compared with
both healthy subjects and patients with the paroxysmal
form of atrial fibrillation and decreases in beta-activity
power in both hemispheres in patients with the paroxysmal
form of atrial fibrillation, as compared with the control
group. It has been suggested that main characteristic feature
of panic attacks consists of an increase in the activatory
influences of the midbrain reticular formation and the mod-
ulatory influences of the temporal-limbic (hypothalamo-
septo-hippocampal) structures on the cortex of the right hemi-
sphere, while a decrease in the activity of the mesencephal-
ic reticular formation in both hemispheres was typical of the
paroxysmal form of atrial fibrillation. This phenomenon
may be evidence for the existence of different mechanisms
for the occurrence of paroxysmal states of the neurotic (panic
attacks) and psychosomatic (the paroxysmal form of atrial
fibrillation) types.

Correlations were found between the amplitude param-
eters of the P300 wave and measures of cognitive functions,
as well as levels of depression and anxiety. The most signif-
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icant changes in P300 amplitude were seen in patients with
the greatest impairments to cognitive functions and greater
levels of anxiety and depression.

Changes in spontaneous and evoked brain electrical
activity may provide an objective neurophysiological mea-
sure of impairments to the cognitive and emotional domains
in patients with panic attacks and the paroxysmal form of
atrial fibrillation.

The diametrically opposite nature of the changes in P300
wave amplitude and EEG spectral power in the beta range
seen in panic attacks and the paroxysmal form of atrial fibril-
lation allows this method to be used to record auditory event-
related potentials and perform EEG spectral analyses as an
additional objective method for the differential diagnosis of
these types of paroxysmal disorders.

Studies were performed in compliance with the Russian
Humanities Scientific Foundation (Project No. 11-06-01051a).
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