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Abstract

Attention related electrophysiological waves, such as P300, often deviate from norm in various
populations of neuropsychiatric patients. For example, the amplitude is often smaller and the
latency is often longer in major depressive disorder, in bipolar disorder and in schizophrenia.
On the other hand, in other neuropsychiatric populations, it is often possible to note the
opposite phenomena of larger P300 amplitude and shorter latency in comparison with norm,
but only for a specific subset of stimuli. This is often reported in various anxiety disorders,
substance abuse and various chronic pain syndromes. These findings in the various clinical
populations, on their commonalities and differences, are presented in this work. The preva-
lence of these two types of deviations in the electrophysiological markers of attention, shared
by multiple neuropsychiatric populations, raise interesting questions regarding the role of
attention deviation and regulation in neuropsychiatry. We present these questions and outline
a possible hypothesis in this regard. Furthermore, such potential sensitivity of the attention-
related markers to clinical dynamics suggests they could be candidates for monitoring and,
potentially, early-sensing of clinical dynamics. Therefore, we discuss the potential usability of
such markers.
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Electrophysiological Markers of Attention Deviate in Neuropsychiatric
Patients

Multiple types of electrophysiological markers have been suggested as related to attention
processes over decades of research. Some of those markers are based of raw EEG analysis [37,
66], while others are based on measuring the response to stimuli — e.g. in the form of event
related potentials (ERP) [63, 64]. Let us take for example the P300 waveform. Indeed, attention
is a complex term [55] and, furthermore, various components of the P300 waveform were
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associated with somewhat different neuropsychological processes. Nevertheless, for the sake of
the current discussion, it seems feasible to relate P300 and attentional processes.

Despite this diversity in attention types and markers, it seems that multiple attention related
waves and patterns, often deviate from norm in multiple (if not all) populations of neuropsy-
chiatric patients. For example, P300 amplitude is often smaller and latency is frequently longer
in major depressive disorder (MDD) [9, 60], in bipolar disorder [68] and in schizophrenia [71].
On the other hand, in other neuropsychiatric populations, it is often possible to note the
opposite phenomena of larger P300 amplitude and shorter latency in comparison with norm.
This is often reported in generalized anxiety disorder (GAD) [18], in post-traumatic stress
disorder (PTSD) [72], in obsessive compulsive disorder (OCD) [57], in substance abuse [38]
and in various pain syndromes such as migraine [19] and fibromyalgia [48].

Furthermore, direct association was demonstrated in multiple neuropsychiatric conditions
between clinical severity and the degree of deviation of the attention-related electrophysiolog-
ical markers. Such association was reported, for example, in MDD [28], in bipolar disorder
[68], in schizophrenia [54], in GAD [76], in PTSD [36], in OCD [4] and in multiple other
conditions. In-fact, multiple studies in various neuropsychiatric populations demonstrated
changes in the attention-related electrophysiological markers, which often precede overt
clinical change and thus enable “prediction” of clinical dynamics. For example, this was
demonstrated, with both ERP and raw EEG markers, for MDD [9, 27, 65] and in GAD [49]. In
other cases, such as migraine, the attention-related electrophysiological changes occur during
the prodrome period, a day or two before a pending attack [33, 67] and, thus, “predict” the
attack. Taken together, it makes sense to assume that these early “predictive” electrophysio-
logical changes merely represent high sensitivity to clinical dynamics.

Emphasizing the Split - Two Directions of Attention-Related Marker
Changes

As was stated above, in various patient groups, attention-related ERP markers are reduced in a
rather comprehensive manner, regardless of stimulus type. This was demonstrated for example
in MDD [11], bipolar disorder [56], Schizophrenia [74]. However, in other pathologies,
attention-related ERP markers are enhanced (e.g. [40] for GAD; [24] for panic disorder).
Often, this enhancement is not general for all types of stimuli, but rather selective in response
to specific stimuli, which might be threatening or stressing for the specific clinical population
(we will use for these stimuli the abbreviation PRS — Pathology Related Stimuli). While for
other, more neutral, stimuli the ERP markers are, in-fact, often reduced (we will use for these
stimuli the abbreviation GS — General Stimuli) (see for example: [31] for PTSD; [25] for
chronic pain; [38] for substance abuse).

Relation of Markers and the Clinical Circle in Pathologies with Selective
Enhancement

Three groups of pathologies manifest an enhanced selective attention response to the PRS,
while often showing reduced attention response to the GS. These groups are: (1) anxiety
disorders [24, 31, 40], where the PRS are anxiety-evoking stimuli [31]; (2) substance abuse
disorders, where the PRS are related to the substance [38]; and (3) some chronic pain
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pathologies, where the PRS are noxious stimuli [25]. On the other hand, the attention
responses are often reduced, in these three groups, following the majority of the other stimuli
(GS). Furthermore, this reduced response is also noticeable following stimuli, which may
evoke, in normal controls, strong affective response, either positive or negative [17].

Specifically, it should be noted that chronic pain is often the result of tissue injury, but we
refer here to conditions in which there is, at-least, major contribution of central nervous system
(CNS) processes to the impact of the chronic pain. Thus, we present below, in some detail,
migraine as such an example for a chronic pain pathology with major contribution of CNS
processes.

Importantly, for these three pathology groups, it seems possible to talk, in many cases, about a
clinical cycle. For example, there is a migraine cycle, which is comprised of the migraine attacks
themselves, the pre-ictal period (usually, up to 1-2 days before the attack), the post-ictal period
(usually, up to 1-2 days after the attack) and the inter-ictal period (some days away from both the
previous attack and the next attack) [52]. As another example, for substance abuse we talk about
the craving cycle, in which there is growing craving, followed by substance use and then pleasure,
to be followed again by growing craving [35]. Furthermore, it seems that anxiety also follows a
vicious circle pattern (the anxiety circle), by which preliminary stressors lead to negative thoughts
and emotions, which lead to greater anxiety and either avoidance behavior or escalation and an
anxiety attack [7]. Of-course, at other times the clinical dynamics might be very rapid — e.g. in
response to phobia evoking stimuli. However, all together, it seems that for the three pathology
groups, it is possible to describe a clinical cycle of aggravation, which leads to an undesired event
(attack, avoidance or substance use) and then a “quieter” period prior to further aggravation.

Interestingly, enhanced attention response to PRS, together with reduced response to GS, seem
to show dynamics, which accords with this clinical dynamics of aggravation and reset. For
example, in migraine there is reduced attention response to all stimuli during the inter-ictal phase
[12, 61, 67], which also manifests as reduced habituation over long exposure to stimuli, due to low
level of initial response to begin with [1, 2, 13, 61, 67]. Then, there is increase in attention
response to PRS at the pre-ictal and ictal phases, accompanied by reduction in response to GS [12,
33,34, 61, 67, 70]. Then, there is a global reduction after the attack [12]. Indeed, the repetitive and
orderly pattern of the migraine cycle assists in sampling of the dynamics of attention-related
electrophysiological markers during the various clinical phases. However, such dynamics of the
electrophysiological attention-related markers was also reported with clinical aggravation in
anxiety disorders (e.g. with exposure to PRS in phobia — [42]) and in substance abuse disorders
(e.g. during abstinence and withdrawal attempts — [50, 517]). Therefore, all 3 groups of pathologies
— anxiety disorders, substance abuse disorders and some chronic pain disorders, seem to follow a
pattern of selectively enhanced attention-related markers for PRS, with reduced response to GS.
For the three pathology groups, this differentiation between the two types of stimuli may increase
with clinical aggravation. At times, this dynamics ends with the onset of an undesired event
(attack, avoidance or substance use). After this, with return to clinical baseline, the electrophys-
iological markers for attention also return to their baseline level.

Relation of Markers and Clinical “Rank” in Pathologies
with Comprehensive Reduction

In the pathologies, which demonstrate comprehensive reduction in the attention-related mark-
er, MDD, bipolar disorder and schizophrenia, the clinical dynamics, or cycle, is generally

@ Springer



796 Psychiatric Quarterly (2019) 90:793-801

slower. Indeed, we already discussed the relationship between clinical severity and the degree
of reduction of the electrophysiological marker and, therefore, we find in these pathologies
also an association between the dynamics in clinical status and the electrophysiological
deviation [28, 54, 68].

Furthermore, there seems to be a severity rank between and within these pathologies. Thus,
several studies have reported that attention reduction is greater in bipolar disorder than in
MDD [44], and greater during the manic phase than during the depressive one, and during both
the depressive and manic phases the reduction is greater than during the euthymic phase [68].
Notably, in schizophrenia, it appears that the markers are even more reduced, when compared
to both MDD and bipolar disorder [8, 71]. Furthermore, during the “negative symptoms”
phase in schizophrenia, the reduction of the attention-related markers is mainly limited to
frontal regions. However, during the “positive symptoms” psychotic phase, it spreads also
posteriorly to the sensory/perceptual cortex [22]. Interestingly, this posterior spread was
suggested to be related with the perceptual disturbances of hallucinations and delusions [61],
which form the “positive symptoms”.

Thus, not unrelated to clinical severity, there is rank between and within MDD, bipolar
disorder and schizophrenia with regard to the degree of reduction of the attention-related
electrophysiological markers. Such a severity-related rank of the common phenomenon raises
a question regarding the possibility of a common underlying mechanism for the various
pathologies, which might be invoked, to different degrees, in the different pathologies, and
within each pathology, during different phases. However, it is beyond the scope of the current
manuscript to suggest such a neurophysiological mechanism (for further discussion, see: [60,
61]).

A Hypothesis on the Role of the Aberrant Attention Regulation
in Neuropsychiatry

Notably, this severity-related clinical aggravation, in each of the pathologies, is accompanied
by reduction in cognitive abilities, often related to reduced attention, which may (at-least
partially) improve with clinical improvement (MDD — [73]; Bipolar disorder — [73]; Schizo-
phrenia—[15]; GAD —[6]; PTSD —[32]; OCD — [47]; substance abuse — [39]; migraine — [10];
fibromyalgia — [23]). Thus, the deviation, which is evident in the electrophysiological markers
of attention, is also reported, at-least to a certain extent, by cognitive evaluations.

But, this association of attention and clinical dynamics raises an intriguing question: what is
the role of such attention reduction, with or without selective attention enhancement to a subset
of the stimuli? Is it merely an epiphenomenon of the neuropsychiatric pathology?

Let us start by noting that clinical aggravation in the various pathologies is often related to
either global or specific stress (MDD — [29]; Bipolar disorder — [16]; Schizophrenia — [46];
GAD and PD — [53]; PTSD — [43]; OCD — [20]; substance abuse — [30]; migraine — [58];
fibromyalgia — [75]).

Strong or stressing stimuli drive neuronal systems to explore for effective solutions, simply
by activating the involved neuronal networks. When there is stress, or drive, the neuronal
system is activated and may generate various responses. However, if one of these responses
removes the stress (or drive) it is stabilized as a solution. This is simply because it aborts the
drive induced neural activation and further exploration (drive reduction theory — [26; 62]).
Indeed, much was learned about the neurophysiological embodiment of this exploration [21]
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and stabilization of learning by mechanisms of reward [59]. Yet, the principle of stabilization
of solutions, by drive reduction, seems to be an inherent property of any neuronal system,
regardless of the precise details of its cell-level implementation.

However, it seems that when effective solutions for the stressors are not found,
dysfunctional solutions may form and become stabilized by reducing further exploration.
In a sense, these dysfunctional solutions remove the stressing drive internally by regu-
lating attention to it — either by reducing it or by exhausting it. At times, they also reduce
the stressing drive, for a while, from the external environment, as demands from the
patient are lowered during the clinical aggravation. This is due to the acknowledgement
by the patient’s social milieu of the overt clinical deterioration and non-functional state
and thereby reduction of stressful demands [3, 45, 60, 61, 69]. However, in the longer
range this temporary dysfunction may evoke more stress due to social stigma and lack of
effective coping with the underlying stressors ([14, 41, 58]; Substance abuse — [69]).
Thus, a vicious circle perpetuates.

Possible Utilizations of the Attention-Related Electrophysiological
Markers

As was stated above, multiple studies in various neuropsychiatric populations demonstrated
changes in the attention-related electrophysiological markers, which often precede overt
clinical dynamics and thus enable “prediction” of clinical dynamics [9, 27, 33, 49, 65-67].
Indeed, it makes sense to assume that these early “predictive” electrophysiological changes
merely represent high sensitivity to clinical dynamics.

However, as was discussed throughout this work, multiple pathologies would manifest
as similar deviations in attention-related electrophysiological markers. Therefore, such
markers are not expected to be pathology-specific. Furthermore, as attention is affected
by multiple factors, and is highly state dependent [66], the derivation of the marker from
a single test is not likely to be predictive. Instead, it is the dynamics between repetitive
measures, which is likely to show sufficient sensitivity (e.g. for depression — [27, 65]; for
migraine — [67]). Furthermore, as the dynamics of different pathologies evolve over
different timescales (e.g. the migraine cycle is often measured in days, while depression
often evolves over weeks and months), it is possible to follow the dynamics of attention-
related markers with these different timescales, so as to improve specificity, especially
when comorbidity is concerned.

However, the utilization of traditional multichannel EEG and ERP tools to extract
relevant markers, which are often based on long samples, at the scale of many minutes,
might be too cumbersome — rendering it rather impractical for the clinical routine.
Therefore, it is of practical importance to develop markers, which could be extracted
from easy-to-use headsets, which do not require technical expertise with EEG, and
which, furthermore, could be derived from short samples (possibly at the 1-min scale).
Recently, such markers are being developed and initial efficacy has been demonstrated in
various clinical groups [27, 65-67].

Furthermore, hopefully, it be possible to extract such markers for attention even in real-
time, during relevant treatment sessions (e.g. behavioral, such as CBT and electromagnetic,
such as TMS) [5, 27]. In which case, it could be possible to tune the treatment in real-time,
with the hope of obtaining better clinical outcomes. Altogether, it makes sense to assume, for
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example in behavioral therapies, that identification, in real-time, of anxious states, or of
depressive and avoidant states, could assist in tuning the treatment. Based on the above, it is
not unlikely that such states might manifest in attention-related markers, if these are derived
effectively in real-time, at the sub-minute temporal resolution.

Finally, while it is beyond the scope of the current work, we discussed above two general
patterns of attention deviation, which seem to be shared by multiple neuropsychiatric pathol-
ogies. We also suggested that this similarity might indicate common underlying neurophysi-
ological mechanisms [60, 61]. As a hypothesis, we suggested that the attention deviation may
be central to the pathologies, and not merely some epiphenomenon. Thus, it seems of interest
to discuss further the neurophysiological modeling of these mechanisms, also as a basis for
possible futuristic directed therapies.

Summary

We suggested, in this work, that neuropsychiatric pathologies could be divided to two groups
according to the change, in attention-related markers, they display: pathologies, which demonstrate
comprehensive reduction of attention and pathologies, which demonstrate reduction of attention to
the majority of stimuli, with enhancement of attention to a specific subset of stimuli. We further
suggested that each such deviation relates with clinical severity and dynamics, and hypothesized
that attention regulation might play a central role in the pathology formation and perpetuation.

The primary purpose of this work was to describe the relevant findings in the literature, and
to emphasize the commonalities and differences among neuropsychiatric pathologies. How-
ever, we also suggested that effective electrophysiological monitoring of attention might yield
important information regarding the clinical dynamics, of the single patient, in the various
pathology groups, and might even assist in treatment tuning.
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