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ABSTRACT

Previous studies have shown alterations of eyeblink
reflex in patients with various psychiatric disorders. It has
previously been demonstrated by our group that EEG
measures of the reactivity to eye opening could effectively
predict patient-reported startle response in patients with
acute stress reaction.

In our present study, EEG spectral power analysis and
eyeblink electrical startle responses were acquired from a
total of 39 patients diagnosed with various psychiatric dis-
orders: 7 patients with schizophrenia, 10 patients with
major depressive disorder (MDD), 10 patients with panic
disorder, 5 patients with posttraumatic stress disorder
(PTSD) and 7 patients with generalized anxiety disorder
(GAD). EEG percent power data of each frequency band
(delta, theta, alpha, beta) obtained from the 19 leads under
open or closed eyelid conditions were used to calculate the
arithmetical difference between eyes-open and eyes-
closed states as representative of "EEG reactivity to eye
opening.” Data was analyzed separately for each diagnos-
tic group.

For all of the disorders, right-sided R2c (contralateral
secondary component) latency was the single eyebiink
startie measure that was found to be significantly correlat-
ed with EEG reactivity to eye opening. The correlation was
most significant for right temporal theta frequency in schiz-
ophrenia, right temporal theta frequency in MDD, left cen-
tral beta frequency in panic disorder, left parietotemporal
delta frequency in PTSD and right occipital alpha frequen-
cy in GAD. Findings showed a newly identified pattern that
has potential scientific and clinical value with respect to
psychiatric medicine.
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INTRODUCTION

Startle reflex is a rapid, generalized motor response to
abrupt and intense stimulation." It consists of “a rapid
sequential muscle contraction with the likely purpose of fas-
cilitating the flight reaction andjor to protect the body from a
sudden attack.” “Baseline” startle or startle reactivity in
absence of any experimental manipulation is measured by
recording the eyeblink reflex, reportedly the most consistent
component of startle pattern. Eyeblink reflex consists of an
abrupt contraction of the orbicularis oculi muscle, which is
innervated by facial nerve. Such a startle response can be
elicited by brief and intense auditory, visual, or tactile stim-
uli. The eyeblink startle has an onset latency depending on
the subject's emotional/motivational state.? A substantial
amount of literature suggests that startle reaction is altered
in a wide spectrum of psychiatric disorders.
Schizophrenia

Baseline startle reactivity has been shown to be altered
in subgroups of schizophrenia. It has also been suggested
that startle might serve to identify individuals with schizo-
phrenia suffering from specific symptoms. Affective modu-
lation of startle and prepulse inhibition paradigms have par-
ticularly been employed for this purpose 2
Major Depressive Disorder

Overall startle reactivity was found to be significantly
reduced in depressed patients compared to the controls
Panic Disorder

In a study testing startle response during a verbal
threat of shock in panic disorder patients, “baseline” startle
was found to be increased in a younger age group, and
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Table 1
Mean age and male-to-female ratios
for diagnostic groups studied

Diagnosis Mean Age Male/Female
Ratio

Schizophrenia n=7 27 25
Major Depressive

Disorder n=10 29.1 0.4
Panic Disorder n=10 329 0.6
Posttraumatic Stress

Disorder n=5 43.4 All males
Generalized Anxiety

Disorder n=7 45 13

reduced in an older age group compared to respective con-
trol subjects. Authors interpreted the finding in the context
of studies performed in Vietnam veterans with early post-
traumatic stress disorder (less than 5 years) and conclud-
ed that excessive anticipatory anxiety to threatening con-
texts (i.e, contextual fear) might be responsible for the
exaggerated startle in panic disorder.?
Posttraumatic Stress Disorder

Exaggerated startle reflex has historically been an
important symptom experienced by combat veterans with
combat-related psychiatric sequelae. Although exaggerated
startle is no longer viewed as a cardinal symptom of PTSD,
the large majority of studies in recent PTSD (less than 5
years) confirms the symptom of exaggerated startle
Generalized Anxiety Disorder

Although there is no published startle study specifically
addressing the population with generalized anxiety disor-
der {GAD), “generalized anxiety induced by diffuse contex-
tual cues” opposed to the situational fear such as phobias
results in @ more sustained elevation in startle reactivity.
Such increases might be compartively more pronounced in
the "baseline” startle activity.®

in general, findings suggest that the excitatory and
inhibitory systems of the central nervous system (CNS) at
ieast partially have some significance in eliciting abnormal
startle response.®¢ Elsewhere, findings during eyes-open
state were reported to be closely related with hyperex-
citability in the CNS.? In a previous study, Arikan et al'
reported that patient-reported startle phenomena in sub-
jects with acute stress reaction could effectively be predict-
ed by EEG reactivity to eye opening and closing, recorded
from the occipital leads. Nevertheless, no confirmation of
the finding with the measurable parameters of the startle
response, i.e., eyeblink reflex, was done. In the present
study, we aimed to assess whether in various psychiatric
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disorders (i.e., schizophrenia, major depressive disorder,
panic disorder, posttraumatic stress disorder and general-
ized anxiety disorder) cortical reactivity to eye opening as
measured by EEG spectral power analysis is associated
with the data provided by the “gold standard” test of startle
response, i.e., eyeblink reflex.

MATERIALS AND METHODS

A total of 39 patients diagnosed with a DSM-IV
(American Psychiatric Association, 1994) diagnosis (
schizophrenia n=7, unipolar major depressive disorder
(MDD) n=10, panic disorder n=10, posttraumatic stress
disorder (PTSD) n=5 and generalized anxiety disorder
(GAD) n=7) were enrolled into the study via recruitment in
the outpatient clinic at the Psychiatry Department,
Cerrahpasa Medical Faculty, Istanbul. Inclusion criteria
were being free of any centrally acting medications for at
least 1 week, and exhibiting no concomitant psychiatric
(including alcohol/drug abuse) disorders, clinically signifi-
cant physical/neurological conditions or laboratory abnor-
malities, or significant visual problems. Subjects with
MDD scored 18 or higher on the 17-item Turkish version
of Hamilton Depression Scale (HAM-D).> For subjects
with PTSD, duration of disease was less than 3 years. All
interviews were done by a fully-trained research psychia-
trist. All subjects signed an informed consent before the
study. Mean age and male-to-female ratios are summa-
rized in Table 1.

A 19 channel (FP1, F7 73, T5, F3, C3, P3, O1,FZ,CZ,
PZ, F4, C4, P4, 02, FP2, F8, T4, T6) resting EEG was per-
formed using silver chloride electrodes applied with collo-
dion according to the International 10-20 System.
Referential linked ear electrodes were used. Impedances
were kept below 5kOhm. The activity derived from the
leads was recorded in a shielded room (highpass filter 2
Hz, sampling rate: 128 Hz, gain: 16000, notch filter on, 50
microV/cm). A room temperature of 23° C was maintained
to avoid excessive perspiration. During the recardings, the
subjects were seated on a comfortable chair, and their vig-
ilance level was kept as constant as possible by verbat
commands. The EEGs were recorded for 50 epochs with
eyes closed, 50 epochs with eyes open; epoch length was
4 seconds. Fast Fourier Transformation was applied to arti-
fact free epochs.

The mean power spectrum was obtained from each
subject in each different eyelid condition (open-O; or
closed-C). Data obtained from each channel was stored for
further analysis. The following frequency bands of the
mean power spectra were considered: delta (2-4 Hz), theta
(4-8 Hz), alpha (8-12 Hz), beta (12-16 Hz). Activity below 2
Hz was excluded to avoid misleading results due to eye
movements. EEG percent power data of each frequency
band (delta, theta, alpha, beta) obtained from the 19 leads
under open {O) or closed (C) eyelid conditions were used
to calculate the aritmetical difference between eyes-open
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Figure 1.

lllustration of how right-
sided R2c (contralateral
secondary component) of
the eyeblink reflex was
recorded. A: Percutaneous
electrical stimuli applied to
the right supraorbital nerve.
B: Reference electrode
attached to the left temple.
C: Active electrode attached

Ow?:
(2]

to left lower eyelid.

and eyes-closed states (abbreviated as CO). CO data were
used for subsequent analysis.

On the same day immediately before the EEG record-
ings for each patient, electrical eyeblink responses were
measured following the protocols described widely else-
where.® Briefly, the patient lay on an examination bed and
environmental noise was eliminated. Stimulus duration was
0.2-0.5 msec using a constant current stimulator. The stim-
uli were administered via supraorbital nerve (V1) randomly
between 45 and 60 sec to avoid habituation.
Electromyographic activity was recorded from surface elec-
trodes placed bilaterally on the midline of the patient’s
lower lid and on the temple. The ground electrode was
placed under the chin. Five rectified responsec were
obtained from each side. For each patient, latencies for R1
{primary component), R2i (ipsilateral secondary compo-
nent) and R2c (contralateral secondary component)
responses were acquired for use in further analysis. R2i
and R2c are acknowledged in this text as “right-sided” or
“left-sided” with regard to the supraorbital nerve that is
stimulated. Hence, for instance, right-sided R2¢ is record-
ed when right supraorbital nerve is stimulated.

RESULTS

Stepwise linear regression analysis was conducted
between the eyeblink and EEG parameters. Data were
analyzed separately for each diagnostic group.
Schizophrenia

A strong negative linear relationship was found
between right-sided R2¢c component of eyeblink response
and T4 theta frequency change in response to eye opening
(p=0.001; r: 0.969 % 0.939; beta: -0.969).
Major Depressive Disorder

There was a strong positive linear relationship between
right-sided R2¢ component of eyeblink response and T6
theta frequency change in response to eye opening
(p=0.006; r: 0.823 r* 0.678; beta: 0.823).
Panic Disorder

A strong negative linear relationship occurred between
right-sided R2¢c component of eyeblink response and C3
beta frequency change in response to eye opening
{p=0.002; r: 0.877 r*: 0.769; beta: -0.877).
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Posttraumatic Stress Disorder

It was found that there was a strong positive linear refa-
tionship between right-sided R2c component of eyeblink
response and P3 delta frequency change in response to
eye opening (p=0.003; r: 0.980 r* 0.960; beta: 0.980).
Generalized Anxiety Disorder

A strong negative linear relationship was shown
between right-sided R2c component of eyeblink response
and 02 alpha frequency change in response to eye open-
ing (p=0.007; r: 0.893 r% 0.797; beta: -0.893).

For all of the diagnostic groups, no correlation of signif-
icant degree could be observed between the other eyeblink
reflex parameters (latencies for right-sided and left-sided
R1, right-sided and left-sided R2i, and left-sided R2c) and
the rest of CO data. Although the findings of highly signifi-
cant relationships were limited to one scalp electrode foca-
tion in each diagnostic group, in fact the F-Values multivari-
ate analysis of other electrodes has shown some spread to
other areas even if not at the level of significance.

DISCUSSION

In this study we found that right-sided R2¢ (contralater-
al secondary component) latency was substantially related
with eye opening reactivity in EEG for all of the diagnostic
groups. Latency for the secondary component (R2) of eye-
blink reflex is reported to show more variability compared
with the primary component (R1), and its susceptibility to
modulation also differs greatly. See Figure 1 illustrating
how right-sided R2c of the eyeblink reflex was elicited.
Reflex arc of R2 response is reportedly multisynaptic, while
the reflex circuit of R1 is in an oligosynaptic organization
with three neurons.® This might explain, at least in part, why
R2 is more prone to alteration due to effects in the CNS
and why in this study this measure has been the sole eye-
blink parameter found to be correlated with EEG data. On
the other hand, the significance of our finding of lack of
relationship between other R2 latencies (right and left R2i,
and left R2c) and EEG data remains to be concluded.

Startle reaction has been well documented to be of
value in the study of emotional disturbances.? It has been
reported that the EEG changes observed in the group with
startle reaction symptoms may theoretically indicate hyper-
excitability in the CNS.” In our previous study, we have
demonstrated that startle response reported by the patients
with acute stress reaction (ASR) could be predicted by EEG
reactivity to eye opening recorded from the occipital leads.
In that study, reduced delta power response to eye opening
was found to be the most substantial indicator for that pur-
pose.’ Current study demonstrates that the magnitude of
eye opening reactivity at several cortical regions can be
plotted as indicators of startle reflex (latencies) elicited in
subjects with different psychiatric disorders. As no single
EEG localization and frequency has been found to be deter-
mining across various disorders, it would be most prudent
to discuss findings separately for each disorder.
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Schizophrenia

In our study, we found that in schizophrenia latency for
the right-sided contralateral secondary component (R2c)
of the eyeblink reflex is inversely correlated with eye open-
ing reactivity in the theta range measured at the right ante-
rior temporal region. In other words, increased de-stability
in the theta band has been found to be closely related with
“exaggerated startle response” (decreased startle reaction
latency) in this group. We could postulate that relative
theta stability in the left side compared to the right side
might indicate a lefi-sided dysfunction in schizophrenia
and startle-related increased-theta response in the right
side might indicate that the theta rhythm, when it occurs in
the right temporal region of schizophrenic subjects, is a
kind of alpha (even perhaps beta) variant that is prone to
supression by eye closure. On the other hand, there is a
line of proof from EEG studies that theta activity in awake
subjects is related to higher brain functions such as cog-
nition and memory, and the origin of this activity is report-
edly in the anteromedial cortex.® Augmented low frequen-
cy and diminished alpha-band power reported in schizo-
phrenic patients has been linked with dysfunction in the
thalamo-cortical circuits. involvement of these networks
could lead to both symptomatology and information-pro-
cessing deficits evident in schizophrenia.® Involvement of
thalamo-cortical circuits in schizophrenia might well have
its effects reflected as alterations of the startle response,
hence our finding of correlation between EEG spectral
data of the right anterior temporal region and that of eye-
blink reflex latency.

Major Depressive Disorder (MDD)

In the current study, magnitude of the theta change in
the right side shows linear correlation with iatency for the
right-sided contralateral secondary component (R2c) of the
eyeblink reflex. This indicates an inverse relationship
between the magnitude of right temporal theta response to
eye opening and startie reaction. We also found that in
MDD, theta response to eye opening in the left side was
comparatively less than the one in the right side.
Considering the increased (T5-theta-closed (mean): 23.5
and T6-theta-closed (mean): 22.1) and persistent theta fre-
quency in the left side, we concluded that the left side is
mare dysfunctional compared to the right side. Since startle
reaction has been found to be reduced in depression,? and
depression has been linked to left hemispheric dysfunc-
tion,”® our findings are consistent with the current literature.
Panic Disorder

Latency for the right-sided contralateral secondary
component (R2c) of the eyeblink reflex was inversely cor-
related with eye opening reactivity in the beta range meas-
ured at the left central region of panic patients included in
the study. Therefore, high beta reactivity at left central area
might be an indicator of increased startle reaction. In con-
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sensus with our findings, one study reported relative beta
power to be related to self-rating of anxiety."
Posttraumatic Stress Disorder

In this group, latency for the right-sided contralateral
secondary component (R2c) of the eyeblink reflex is corre-
lated with eye opening reactivity in the delta range meas-
ured at the ieft parietotemporal region. In agreement with
our previous finding in patients with acute stress reaction
(ASR),' reduced delta power response to eye opening
seems directly related with “exaggerated” startle reaction.
Our current study shows that parietotemporal {as opposed
to occipital in ASR) eye opening reactivity in the delta range
might be utilized for this purpose in subjects with PTSD.
Generalized Anxiety Disorder (GAD}

Finally, latency for the right-sided contralateral second-
ary component (R2c) of the eyeblink reflex is correlated
with eye opening reactivity in the alpha range measured at
the right occipital region of GAD patients. In other words,
increased alpha reactivity to eye opening at this localiza-
tion is closely related with exaggerated startle reactivity.
Considering that lower frequency (delta) reactivity at the
same localization has been reported by our group to be
inversely related with subject-reported startle in acute
stress reaction (ASR)," our current finding of positive cor-
relation of alpha band reactivity with exaggerated startle
reaction in subjects with GAD might be interpreted as repli-
cation of our previous study findings.

In general, the above data indicate that there is a diag-
nosis-specific relationship between eyeblink latency and
eye opening reactivity to EEG measures. The relationship
has certain characteristics. It is frequency- and localization-
specific. It shows either negative or positive correlation.
The pattern makes it possible to get the data from diagno-
sis-specific EEG findings together with data from neural
mechanisms of the startle reactions. Besides, working with
a subtracted list of “open eyes” and “closed eyes” EEG
measures allows for having all EEG data together in a sin-
gle statistical equation, thus permitting detailed analysis.
Such a study design might enrich the method of EEG by
providing certain independence. As this newly-encoun-
tered pattern has a highly preliminary nature, much more
effort should be given for understanding its background.

Our study nevertheless has some limitations. Lack of
longitudinal follow-up of the patients with respect to the
measured parameters and clinical outcome has prevented
us from concluding about the possible prognostic value of
our findings. Lack of control subjects is the other short-
coming of this study. Finally, these preliminary findings
have to be replicated by other studies with larger sample
size and a possible longitudinal design.
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