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2 major attention operations considered:

Matrix/State function: Has to do with tonic state activation of reticular activating system.


Vector/Channel function: Has to do with selective attention.

2 attentional deficits considered:

In confusional states, the matrix function is impaired 

In unilateral neglect, the vector function is impaired

------------------------------------------------------------------------------------------------------------

Matrix Aspect of Attention

Confusional State
Defined as change of mental state in which most salient deficits occur in overall attentional tone. Attention either wanders aimlessly or suddenly focused with inappropriate intensity. 
Confusional states can happen with normal subjects (first waking up) or with patients with brain injury, metabolic encephalopathies.

6 major causes:


toxic metabolic encephalopathies


multifocal brain lesion


head trauma


epileptic seizure


space-occupying lesions


focal brain lesion

EEG and attentional state

High voltage slow waves in EEG signal associated with drowsiness, and certain sleep states

Desynchronized fast activity occurs during arousal, excitement, attentiveness, and rapid eye movement sleep. 

Neurons in the midbrain reticular core and in the intralaminar thalamic nuclei tend to have higher firing rates during states of EEG desynchronization (waking and REM) than slow wave sleep.

 (Perhaps REM sleep is characterized by intense attentiveness to internal stimuli). Or the reticular core is necessary but not sufficient for wakefulness and attention.

Reaction time and midbrain reticular core


Shortest reaction times when activity in mesencephalic reticular formation was greater than that seen in SWS but below that seen in extreme arousal (startle). Perhaps shortened reaction times result from heightened attentiveness. 

Neurons in reticular formation may not only reflect a shift from wakefulness to sleep. But rather may reflect the level attentional tone when wakefulness is constant. 
Acetylcholine and reticular activating system


Subnuclei of the reticular formation provide major ascending cholinergic and monoaminergic pathways to thalamus and neocortex. 

Anticholinergic agents produce slow-wave sleep synchronization in the EEG without altering consciousness. In humans, anticholinergic agents result in severe confusional states. The entire attentional matrix is disturbed. 


Evidence that acetylcholine plays a role in the matrix function. 

Brain systems involved in Matrix function of attention


Neocortx, thalamus, brainstem

With novelty, descending impulses from the neocortex are sent to the reticular formation which becomes mobilized to generate the attentional tone by influencing the thalamic and cortical activity. 

As novelty decreases, an inhibitory signal is sent from the cortex to the reticular formation which leads to habituation. 

Importance of frontal lobe in attention matrix


P300 and N400? Likely from frontal cortex may reflect intensity of readiness. P300 largely attenuated in patients with frontal lesions. 

Frontal patients behavior reflects an impairment in tests sensitive to attentional disturbances:


Distractibility 


Perseveration


Impersistence


Susceptibility to intrusion


Reflex suppression

Impaired with 


Stroop task



Go-no go task


Trail making tests


Decline in digit span

Likely reflecting a deficit in the attentional components of these tasks

------------------------------------------------------------------------------------------------------------

Vector aspect of Attention
Deficit of vector function: Unilateral Neglect & Extinction

Results from lesion to right hemisphere

Difficult to dissociate from often comorbid sensory and motor deficits- However, extent of neglect is not proportionate to the extent of sensory or motor loss (with hemianopia or hemiparesis). 

In unilateral neglect left side of space is ignored 

In severe cases, the mere presence of a stimulus on the right elicits extinction

Motor Aspects of Neglect


Orienting, scanning, searching

Scanning difficulties seen in cancellation task
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FIGURE 5. This shows the random letter cancellation task performance of a 40-year-old man
who sustained a severe head injury that damaged widespread frontoparieto-occipital regions of
the right hemisphere, The accident occurred 7 years prior to this testing. Top: Performance in
the random letter cancellation task shows severe left neglect. Bottom: When the same number
of letters are arranged in an orderly fashion, performance improves.





Manual exploration


Blindfolded patients explore the left field in a haphazard way

Neglect and motivation


Severe neglect patient improves with cancellation task when rewarded for each accurate detection

Causes of neglect


Stroke affecting parietal lobe. This type of neglect likely leads to recovery


Stroke affecting subcortical regions are the least likely to recover.

Lesional focus of Neglect

Most often described as resulting from posterior parietal lesion, also lateral prefrontal cortex, cingulate gyrus, striatum, and thalamus.

Parietal lobe damage alone may result in the most subtle manifestations of neglect. Superior parietal lobe seems to lead to a greater deficit than inferior parietal lobe. 

Brain damage in patients with neglect is often not localized to the parietal lobe. 

This along with monkey physiology data in which inferior parietal lobule neurons respond when a monkey detects, reaches for a motivationally relevant target demonstrates the potential involvement of these neurons in heightened attentiveness. And damage to these neurons may result in unilateral neglect. 

Suggests parietal neurons have sensory, motor, and motivational contingency.

Motivation and Neglect

Motivational contingency of parietal lobe (PG units) may come from the massive neural inputs from limbic areas: cingulated gyrus, retrosplenial area, and nucleus basalis. 

The first two may be related to learned aspects of motivation.

Damage to these regions, ie infarcts of cingulated region of right hemisphere have led to unilateral neglect. 

Influence of Reticular Activating System 

Because the reticular activating system may regulate the overall attentional tone in area PG (Parietal lobe) unilateral lesions to this and intralaminar nuclei ma result in unilateral neglect in the contralesional field. Perhaps these lesions interfere with reticular activation of one hemisphere.
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FIGURE 7. A summary of the connections of area PG in the rhesus monkey.




Motor Aspects of Neglect

Outputs from PG: Striatum, superior colliculus, and FEF

These regions are important for motor aspects of attention, scanning, orienting, exploratory behavior, and maybe reaching.

Lesions to FEF also cause Unilateral Neglect to contralesional side of space- perhaps more dramatic than parietal lesions. One hypothesis is that frontal neglect may have more to do with motor components of neglect compared with parietal neglect. This has yet to be substantiated.

Subcortical Contributions to Neglect
Neglect found with lesions to thalamus.


Likely suspects for focus of this lesion: medial dorsal and medial pulvinar nuclei, intralaminar thalamic nuclei. 

Interestingly, the medial pulvinar is the major thalamic input to PG and medialis dorsalis provides major thalamic input to FEF.

Neglect found with lesions to striatum


May have more to do with motor aspects since nigrastriatal neglect cats show a deficit in orienting to the contralesional side even when significant events happen on that side. This is not so much the case for neglect resulting from parietal damage. 

Phylogenetic Trends with Neglect

There seems to be a trend in which cortical lesions produce more dramatic neglect behavior the higher up phylogentically the animal is. In other words, perhaps there is a phylogentic trend toward corticalization of directed attention.

Parietal neglect is milder in monkeys than in humans and prefrontal lesions in the cat do not cause neglect. 

SC lesions cause neglect in cats, but only mild neglect in monkeys

Neural Network Model for Directed Attention

Convergence of polymodal sensory input with limbic information may allow neurons in --PG to shift motivational valence across the sensory space. 

-Reticular input may provide the necessary arousal tone. 

-Motor output may provide access to mechanisms for orienting, search, and exploration. 
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FIGURE 8. A network involved in the distribution of attention to extrapersonal targets.




3 regions monosynaptically interconnected lead to unilateral neglect in primate brain:

FEF, inferior parietal lobule, and cingulate cortex.

Thus leading to a model of distribution and directed attention:

Posterior Parietal Cortex contains sensory template for external world

FEF contains a motor map for orienting and exploratory movements.

Cingulate may contain a map for the distribution of expectancy and relevance.

Each of these regions receives inputs from reticular formation (matrix) to set attentional tone. And each of these regions has connections with thalamus and striatum.

Thus, damage to any one of these regions or regions to which they are connected will lead to unilateral neglect
Body surface and Motor Neglect

Anosognosia

Neglect of extrapersonal space is often comorbid with neglect to the left side of the body and denial that the limb belongs to the person.
Hypokinesia or Motor Neglect

Reluctance to use the contralesional limbs. Also associated with lesions to striatum, lateral thalamus, frontoparietal. This neglect occurs for the contralesional limb regardless of the side of space the limb is to be moved to. So this is dissociable from forms of neglect where the contralesional side of space is ignored.

Right Hemisphere dominance in directed Attention


Neglect resulting from right hemisphere damage is more severe and long lasting when it occurs on the right hemisphere. This indicates that the right hemisphere is likely dominant for the process of directed attention. 


When the left hemisphere is damaged the right hemisphere may take over with directed attention on the right side of space. The left hemisphere is almost exclusively involved in attending to the right side of space. 


Evidence for this model of right hemispheric dominance in directed attention also comes from studies with normal subjects. Right hemisphere ERP desynchronizations are recorded when either hand is stimulated. (Desynchronizations occur on the left only when the right hand is stimulated). 

Also, PET indicates more activation of right hemisphere with a centrally placed stimulus compared with the left hemisphere.

Posterior parietal lesions may also lead to confusional states, perhaps reflecting a deficit toward attending to the entire extrapersonal space. 

Vigilance is better in split brain patients when the task is being performed by the right hemisphere.

