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ABSTRACT

Objective: The present study aimed to investigate and to compare the electrophysiological changes in bipolar patients
and healthy subjects during the execution of a saccade task. Materials and Methods: The subjects had to respond to a
fixed visual stimulus presented by a LEDs bar. We executed an ANOVA (one-way) and post hoc Scheffé test to exam-
ine the difference of absolute alpha power and reaction time among four groups: control, depression, manic and
euthymic. We observed the frontal, parietal and occipital regions. The paired t test was realized on each electrode and
group to compare the pre and post moment in the task. Results: We observed a statistical difference among the groups
for the behavioral variable—saccade reaction time. For the electrophysiological variable—absolute alpha power, we did
not find significant difference between the moments (pre and post stimulus presentation) for none of the electrodes of
each bipolar group. However, the results pointed out to a difference between the moments for F3, P3, Ol and O2 elec-
trodes for control group. Conclusion: We cannot affirm that the task influences the cortical activity of the patients. It is
possible that the method used to analyze the data is not the adequate. The time-frequency analysis could be better to
analyze the present data. We also observed that the absolute alpha power could be considered a marker of bipolar dis-
order, but not of the different states (i.e., mania, depression, euthymia).
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1. Introduction relationship between the brain, cognitive and behavioral
aspects, leading to understanding the neurobiological
basis of psychiatric disorders. As such, the oculomotor
paradigms were used to characterize cognitive and sen-
sorimotor disorders related to these disorders [4].
Abnormalities in the balconies can be seen in a variety
"Corresponding author. of mental disorders [5], and provide a sensitive parameter

The saccadic movement is an important part of system
integration between the environment subject and task,
being widely used as a parameter cognitive [1-3]. Thus,
the paradigm eye movements are tools to analyze the
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64 Electrocortical Activity Differences Related to Saccadic Movements between Bipolar Patients and Healthy Subjects

for the analysis of some neuropsychiatric disorders [6].
Patients with bipolar disorder have alterations in cortical
networks involved in visual spatial attention and saccadic
movement pattern. This can be checked when the patient
is exposed to tasks involving sensory stimuli which seek
to assess attention, showing the existence of cognitive
dysfunctions in all phases of bipolar disorder [7,8].
Therefore, it is necessary to understand the mechanisms
linking saccades, the process carefully and electrophy-
siology to elucidate the pathophysiology and identify
markers of some psychiatric disorders, especially bipolar
disorder. Some studies highlight the characteristics and
outcomes related to bipolar disorder [9-11]. Among these
one can mention in that consistency range is shown as
being a biomarker for cognitive dysfunction [12].

Thus, the present study is justified in adding to fill a
gap in the production of research investigating the pat-
terns of changes in electroencephalography during a sac-
cade task in bipolar patients. Thus, a task that seeks to
replicate the process associates aware of saccadic move-
ment correlating the electrophysiological findings ob-
served through the absolute power of the alpha band in
different phases (i.e., euthymia, mania and depression)
disorder. Therefore, this study aimed to investigate and
compare changes electrocortical between healthy sub-
jects and bipolar patients during the execution of the
saccade task. Specifically, the experiment aims to deter-
mine if there are changes in absolute alpha power in
frontal areas, parietal and occipital regions, these areas
are related to attention and saccades, and also whether
there are differences in electrocortical activity among
subgroups (and bipolar patients different stages of the
disease).

2. Materialsand Methods
2.1. Subjects

The sample consisted of 41 right-handed individuals (11
men and 30 women), 12 controls and 29 bipolars (10 in
depressive phase, 9 in euthymic phase and 10 in manic),
aged between 25 and 40 years old (Mean: 33.6; sd: =
7.06). The bipolar patients were diagnosed according to
the criteria required by the Diagnostic and Statistical
Manual of Mental Disorders Fourth Version (DSM-1V).
All patients included in the bipolar group were outpa-
tients of the Psychiatric Institute of the Federal Univer-
sity of Rio de Janeiro (IPUB/UFRJ). This group was di-
agnosed and is being accompanied and treated by psy-
chiatrists of this institution. For characterization, inclu-
sion and subsequent division of the patients in subgroups,
the Clinical Global Impression Scale—Bipolar Version
(CGI-BP) was administered. The subgroups were divided
according to a CGI-BP score on the day of the experi-
ment application. The groups were called euthymic
group (EG), manic group (MG) and depressive group
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(DG) (Table 1). The mixed cases were excluded from
the sample. The patients used medications for treatment
of clinical conditions. Considering ethic questions, the
patients did not stop using drugs to participate in the ex-
periment.

The control group (CG) was composed by 12 subjects.
The controls did not show any impairment of physical
and mental health, they were healthy and did not use
psychotropic or psychoactive substances. These controls
were evaluated trough the anamnesis and physical ex-
amination. All participants signed a consent form in
which were described, in details, the experiment objec-
tives and experimental conditions. The experiment was
approved by the ethics committee of the Psychiatric In-
stitute of Federal University of Rio de Janeiro (IPUB/
UFRJ) (Number 81 Liv2-09).

2.2. Experimental Procedure

The task was performed in a sound and light attenuated
room. Individuals sat on a comfortable chair with arm
support to minimize muscular artifacts. Before starting
the task, tests were applied to evaluate the attention level
of the participants (Test of Divided Attention and D2
Test of Concentrated Attention). A bar composed by 30
Light emission diodes (LEDs) was placed and positioned
at participant eye level. The bar was composed of 15
LEDs in the left side and 15 LEDs in the right side. The
participants were at a distance of 100 cm from the bar.

The presentation of stimuli in the bar was controlled
by a computer program. After the tests application, the
participants received instructions to keep their eyes on
the center of the bar and just dislocate their eyes from the
moment they perceived the lighting of LEDs. The par-
ticipants were also instructed to track with their eyes the
lighting of LEDs, keeping their head static.

2.3. Task Procedures

The task consisted in goal-stimulus presentation, which
alternated between the most extreme LEDs in the bar.
This task is characterized by the predictability of the

Table 1. Clinical and demographic features.

Bipolar patients Control
Euthymics  Maniacs  Depressives  Control
n=9) (n=10) (n=10) n=12)
Mean (sd) Mean (sd) Mean (sd) Mean (sd)
Age 37.3 (£2.53) 37.5 (£7.23) 36.5 (£5.55) 26.2 (£3.69)
Female 80% 80% 60% 75%
Male 20% 20% 40% 25%
CGl-depression 1 1 3.57 (£0.53)
CGI-manic 1 3.33 (+0.81) 1
CGl-global 1 3.33 (+0.81) 3.57 (+0.53)
NM



Electrocortical Activity Differences Related to Saccadic Movements between Bipolar Patients and Healthy Subjects 65

stimulus onset in time and space, thus directed by
memory. The probability of the LED lighting from the
extreme left or right is the same, with duration of 250 ms
and interval at 2 s between lightings. Each participant
realized 6 blocks (stimulus) and 2 rests (without
stimulus), one before the onset of the task and another
after the end. Each block consisted of 20 trials, 10 trials
with lighting the LED in the bar right side and the 10
others with lighting in the bar left side, from the center.

2.4. Data Acquisition

In order to capture the electroencephalography signal
Braintech 3000 device (Emsa—Medical Equipament,
Brazil) was used, a system which utilizes an analogical-
digital (A/D) converter with 20 channels. A program,
produced by Brain Mapping and Sensory Motor Integr-
ation Lab, was used for the acquisition of electroence-
phalography signal. The EEG signal was amplified with
a gain of 22.000, analogically filtered between 0.3 Hz
(high-pass) and 25 Hz (low-pass) and digitalized with a
sampling rate of 200 Hz. A digital 60 Hz notch filter was
employed.

The international 10/20 EEG electrode system was
used to put the 20 electrodes on the scalp (areas: pre-
frontal, frontal, central, temporal, parietal and occipital)
and an electrode on each ear (lobe). The earlobes were
used as reference. The impedance of each electrode was
maintained between 5 - 10 Q. The total amplitude (peak
to peak) was less than 70 pV.

2.5. Saccadic Eye Movement Acquisition

In order to record the oculogram we used two electrodes
with 9 mm in diameter mounted in a bipolar way. The
electrodes were arranged horizontally from the outer
canthi of both eyes to determine the horizontal EOG
(hEOG) and vertically above both eyes to determine the
vertical EOG (VEOG). The saccadic movements were
inspected through a program in Matlab language, develo-
ped in our laboratory. Parts of the signal contaminated by
artifacts were eliminated in two phases: 1—Parts that
exceeded the threshold of 70 puV (automatic rejection of
artifacts) and 2—visual inspection for the removal of the
trials most affected by artifacts.

The EEG parts were cut between 500 milliseconds
before and after the presentation of the goal-stimulus
(LEDs). The EOG record program used a 60 Hz Notch
filter. The impedance levels of each electrode were
maintained below 5 KQ.

2.6. Data Processing and Analysis

The parts with rude artifacts were eliminated through the
visual inspection. Aimed not to lose more trials, inde-
pendent component analysis (ICA) was then applied to
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identify and remove remaining artifacts, particularly
visual and fine muscular artifacts. After removal of inde-
pendent components related to the artifacts, the remai-
ning components were reinserted to restore the electrode
signal. Only the reminiscent epochs took part in the
subsequent processing of signal and statistical analysis.

2.7. Selection of Frequency

The alpha band (8 - 12 Hz) was chosen for analysis due
to its correlation with attention mechanisms. Hypo-
thetically, this band has an important role in adjusting the
sensory areas related because of perception [10,11]. This
frequency is related to visual processing and is inversely
proportional to the population of pyramidal neurons
involved in the task (perceptual, cognitive and motor)
[12]. The decrease of this power is also related to sensory
stimulation and mental activity, such as activities that
involve attention [13].

2.8. Statitical Analysis

An ANOVA one-way and post hoc Scheffé was em-
ployed for comparison of absolute alpha power between
the groups (control, depressive, euthymic, and manic).
The independent t test was utilized to analyze the dif-
ference between age ranges. A paired t test was also ap-
plied for different groups in each electrode, allowing the
comparison between the pre and post moment.

3. Results

A t test was realized for independent groups for a com-
parison between age ranges of CG and bipolar patients
(mean = 26.2; sd = +£3.69 and mean = 37.1; sd = +£5.39,
respectively). A significant statistical difference between
groups was observed (p < 0.001), however it is important
to emphasize, in literature reports that it doesn’t exist any
difference in electrocortical activity (alpha band) be-
tween age ranges analyzed in the experiment [14-16].

In order to determine electrophysiological changes
resulting from the task, we applied the paired t test in
each group, for the different electrodes analyzed (pre task
vs. post task). A significant statistical difference in CG
was observed for electrodes P3 (p < 0.001), O1 (p <
0.001), F3 (p < 0.001) and O2 (p < 0.001). The results
indicate lower absolute alpha power in pre moment,
when compared with post moment. On the other hand, in
the bipolar subgroups (MG, DG and EG), we did not
observe statically significant difference in paired t test (p
> (0.05), with exception of the MG, at P4 electrode, that
presented a significant result between moments (p =
0.034). However, the absolute alpha power was greater in
pre moment when compared with post moment. The
behavioral data already published elsewhere [17].
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66 Electrocortical Activity Differences Related to Saccadic Movements between Bipolar Patients and Healthy Subjects

An ANOVA one-way and a post hoc Scheffé were
used in the data equivalent to the post-task execution
moment for each electrode. This analysis was realized to
verify whether the groups presented differences between
them. The analysis appointed to statistically significant
differences between CG and bipolar group (p < 0.001),
all electrodes analyzed. The CG presented a greater
absolute alpha power, when compared to DG, EG and
MG. On the other hand, the bipolar patients did not differ
statistically.

At F3 electrode (left frontal cortex), we found a
greater absolute alpha power in CG, when compared with
other groups (F = 386.473; p < 0.001). The post hoc
analysis pointed out that the CG and EG presented
differences from the other groups, although DG and MG
showed no significant difference when compared
between them (Figure 1(a)).
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Figure 1. Absolute alpha power in the frontal cortex (a) For
the left frontal cortex (F3), the results demonstrated
significant difference between groups (p < 0.001); (b) For

the right frontal cortex (F4), the results showed significant
difference between groups (p < 0.001).
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At F4 electrode (Right frontal cortex), we observed a
significant difference between groups (F = 288.031; p <
0.001), with a greater alpha absolute power for CG. The
post hoc analysis demonstrated that the CG is different
from the others. On the other hand, EG and DG did not
differ between them (Figure 1(b)).

At P3 electrode (Left parietal cortex), a significant
difference between groups was found (F = 55.417; p <
0.001). We verified a greater absolute alpha power in CG
when compared with other groups and, also, lower
absolute alpha power in EG. The post hoc application
showed differences between CG and other groups. On
the other hand, it was not found any difference between
DG and MG (Figure 2(a)).

At P4 electrode (right parietal cortex), we also verified
a significant difference between groups (F = 189.555; p <
0.001) and we observed a greater alpha power in CG.
The post hoc analysis indicated that the CG differed from
the others, but no difference was observed between the
MG and EG (Figure 2(b)).
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Figure 2. Absolute alpha power in the parietal cortex (a)
For theleft parietal cortex (P3), the results demonstrated
significant difference between groups (p < 0.001); (b) For
the right parietal cortex (P4), the results appointed
significant difference between groups (p < 0.001).
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At Ol electrode (left occipital cortex), we observed a
significant difference between groups (F = 218.169; p <
0.001) and we verified a greater absolute alpha power in
CG (Figure 3(a)). The post hoc analysis indicated that
the CG differed from the others. On the other hand, no
difference was found between DG and MG.

At O2 electrode (right occipital cortex), we observed a
difference between groups (F =313.748; p < 0.001), with
greater absolute alpha power in CG when compared with
other groups (Figure 3(b)). The post hoc indicated that
the CG differed from other groups. On the other hand, no
difference was found between DG and MG.

4. Discussion

The hypothesis in our study is that the saccadic move-
ments produce changes in the absolute alpha power
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Figure 3. Absolute alpha power in the occipital cortex (a)
For the left occipital cortex (O1), the results appointed
significant difference between groups (p > 0.001); (b) For
the right occipital cortex (02), the results appointed
significant difference between groups (p < 0.001).
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in frontal, parietal and occipital areas, in different groups
(healthy subjects and bipolar patients). Thereby, the dis-
cussion approached changes in absolute alpha power,
task result, in different groups and cortical regions.

The paired t test comparing the pre task and post task
moments for each electrode and each group, separately,
appointed to the fact that the task did not cause signifi-
cant electrophysiological changes in the bipolar group,
but the changes were significant in the CG. This result
seems consistent with the fact that bipolar patients pre-
sent attentive deficits [18], not showing enough engage-
ment in task execution.

A recent study indicated changes in connectivity be-
tween different encephalic areas in bipolar patients who,
when submitted to the task that demanded concentration,
presented failures in attention [8]. Furthermore, bipolar
patients also have difficulties in attention maintenance
and a slower information processing [8,18].

The electrophysiological changes verified at F3, P3,
O1 and O2 electrodes in CG seem to have been caused
by the task, suggesting a greater participation of the left
hemisphere in saccades execution in healthy subjects.
Authors have reported that the left cerebral hemisphere is
involved in preparation and execution of voluntary sac-
cadic movement, and it is also responsible for the atten-
tion involved in visuomotor processes [19-21]. It is worth
noting the significant result of the comparison between
pre and post task for occipital cortex (right and left), be-
cause the occipital cortex is a primary visual area, inde-
pendently from the hemispheric laterality. So, it seems
that these occipital areas (right and left) are globally
connected to the task, knowing that such areas are based
on the identification of the visual stimuli in the environ-
ment.

Studies indicate that the occipital cortex is responsible
for processing visual information, being responsible for
the first stage of information processing: the stimulus
identification and the information flow regulation re-
ceived at the beginning of this stage [22]. This brain re-
gion plays an important role in generating and directing
ocular movements and organizing information from the
retina [23].

A significant result was observed for CG, where abso-
lute alpha power increased in the post moment. This
finding can be possibly justified by a greater neuronal
synchronization in these areas, when the attention directs
itself to a relevant stimulus; in the other words, there is
an activity increase in these regions when the subject
realizes a spatial selection of a goal, for posterior proc-
essing [24].

Observing the qualitative analysis in the time and fre-
quency domain we identified discrimination between
groups, in the fixed saccadic movement task, as we
shown in the Figures 4 and 5. We detect trends of elec-
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Figure 4. Spectral perturbation at the P3 and P4 electrodes. The qualitative comparison shows that the electrode activity
during the saccadic task is different among groups.
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Figure 5. Spectral perturbation at the O1 and O2 electrodes. The qualitative comparison shows that the electrode activity
during the saccadic task is different among groups.
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trophysiological changes between pre and post moments
in different groups. Considering the absolute power, the
ANOVA one-way with post hoc Scheffé appointed to a
statistically significant difference between the CG and
bipolar group as a whole, in all electrodes analyzed, on
the other hand, the bipolar patients did not differ statistic-
cally between them. Thus, it is possible to formulate the
hypothesis that the difference of absolute alpha power
between healthy subjects and bipolar patients, but not
among bipolar, may be a trait marker and not a phase
indicator, for them.

5. Conclusions

Our results indicate that the saccadic task did not cause
significant electrophysiological changes in absolute alpha
power of the bipolar patients; this fact may be explained
by failures in neural mechanisms responsible for atten-
tion. On the other hand, for CG we verified an increase in
absolute alpha power possibly arising from the saccadic
movement, in the post task moment, when compared
with the pre task moment. Significant results were found
in electrodes at left hemisphere (F3, P3) and, also, in
electrodes at occipital cortex (O1, O2), therefore it is
plausible to assume a more specific participation of the
left hemisphere in the proposed task (saccadic move-
ment). Our results appoint to electrophysiological differ-
ences between two groups in study (control and bipolar),
particularly, due to the fact that the bipolar subgroups did
not present any difference in absolute alpha power be-
tween the pre and post task moment, being this differ-
ence observed only in the CG.

According to previous explanation, these findings may
result from impairment in the neural substrate (Mecha-
nisms responsible for attention) in individuals with bipo-
lar disorder, independently from the phase where they are.
Therefore, this result suggests that absolute alpha power
is a marker of the disorder’s trait and not of the disor-
der’s state. Although our results present interest for the
knowledge of bipolar disorder, we make exceptions as to
the limitations presented by the study, such as the failure
to control psychoactive medicines. The few existing
studies about electroencephalographic patterns in bipolar
patients, during the execution of the saccadic movements,
demonstrate the need to improve the experimental para-
digm, as well as the analysis methods used. Moreover,
these few studies indicate conflicting results, which nec-
essarily, should be investigated in future researches.
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