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Chapfer 14

NEGLECT I: CLINICAL AND

' ANATOMICAL ISSUES

Kenneth M. Heilman
Robert T. Watson
Edward Valenstem o

Neglect is a failure to repert, respond, or orient to stim-
uli that are presented contralateral to a brain lesion
when this failure is not due to elementary sensory or
motor disorders.! Many subtypes of neglect have been
described. A majer distinction is ben}veen neglect of
perceptual input, termed sensory neglect. or inatten-
tion, and neglect affecting response outputs, termed
motor or intentional neglect, Some further dxstmcuons
are outlined below.

' Sensory neglect involves a selective deficit in
awateness, which may apply to all stimuli on the af:
fected side of space (spatial neglect) or be confined to
stimuli impinging on the patient’s body (personal ne-
glect). It may even effect awareness of one side of inter-
nal mental images (representational neglect). The per-
ceptual modalities affected by neglect may also vary:

- subtypes of sensory neglect exist for the visual, audi-
tory, and tactile modalities. The deficit in awareness is

accompanied by an abnormal attentional bias. Atten-
tion is usually biased toward the ipsilesional side (con-
tralateral neglect) but in rare cases may be contrale-
sional (ipsilateral neglect). Once atiention is engaged
onan ipsilesional stimulus, subjects may have difficulty

. disengaging their attention to move it to the contrale-
sional side. If the lack of awareness and attentional bias -

are present only when there is a competing stimulus at a
more ipsilateral location, the disorder is termed extine-

. tion. Many patients with negiect recover and become

able to detect isolated contralesional stimuli, but they
continue to manifest extinction.

Mator or intentional neglect involves a response
failure that cannot be explained by weakness, sen-

..oty loss, or unawareness. There may be a failure to

move a limb (Jimb akinesia), or the limb can be moved
but-only after a long delay and strong encouragement
f@Pokmesza) Patients with intentional neglect who

can move may make movements of decréased ampli--
tude (hypometria). They may also haveé an inability to
maintain posture or movements (impersistence). Pa-
tients with motor neglect who can move their contrale-
sional limb may fail to move this limb (or have a delay)
when they are also required to mave their ipsilateraf
limb (motor extinction). Limb akinesia, hypokinesia,
hypometria, and motor impersisténce can affect some
or all parts of the body, including limbs, eyes, or head.
The ¢lements of intentional neglect discussed above
can be directional (toward the contralesional hemis-
pace) ot spatial (within the contralesional hemispace).
Patients with motor neglect may have intentional bi-

" ases such that there is a propensity to move toward ip-

silesional space. There may also be impaired ability to
disengage from motor activities (mofor perseveration).

TESTING FOR NEGLECT .

In this brief review we cannot address all aspects of
testing; therefore, for a complete dlSCllSSlOIl and list
of references the reader is referred to He:lman and -
coworkers.!

Inattention or Sensory Neglect

To test for inattention, the patient is presented with
unilateral stimuli on either the ipsilesional or contrale-

_sional side in random order. If a patient fails to detect

more stimuli on the contralesional side than the ipsile-
sional side, it would suggest that the patient is-suffering
from inattention. However, if the patient totally fails to.
detect any stimuli on the contralesional side, it is often

* difficult-to tell whether or not the patient has inatten-

tion or a sensory loss. The anditory modalityis the least
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difficult-in which to dissociate inattention and sensory
loss, becavse sounds made on one side of the head
project to both ears, and each ear projects to both the
ipsilateral arid the contralateral hemisphere. Therefore,
if a patient is unaware of noises made on one side of
his or her head, this unawareness cannot be explained

by a sensory defect and suggests that the patient has

inattention. In the visual modality, because unaware-
ness may be hemispatial (body-centered) rather than
retinotopic, having the patient deviate the eyes toward
ipsilateral hemispace may allow him or her to become
aware of stimuli projected to the contralesional portion
of the retina. In regard to tactile neglect, one may have
10 use caloric stimulation of the ear to see if the patient
+ can detect stimuli during such stimulation. One may

.. also use psychophysiologic tcchmques such as evoked

potentials or galvanic skin responses to see whether
patients who are unaware of stimmli demonstrate auto-
nomic signs of stimulus detection,?

Extinction

Tb test for éxﬁnction, one may réndom]y intermix the
- unilateral stimuti described above with bilateral simul-

taneous stimuli. The stimuli can be given in any modal-

ity (e.g., visval, auditory, tactile). When a subject has

‘hemianopia, extinction may occur even within the ip-
 silesional visual field.

Intentional or Motor Neglect

Patients who have sevefe fimb akinesia may appear to
.have a hemiparesis. An arm may flaccidly hang off
the bed or wheelchair. Sometimes, with strong-encour-

‘agement from the examiner, it can be demonstrated that

such a patient has normal strength. Some patients, how-
ever, will stilt not move, and one may have to rely on
brain imaging to learn whether the corticospinal tract
is involved. In patients with motor neglect, the lesion
should not involve the corticospinal system. Magnetic
" stimulation may also be helpful in demonstrating that
the corticospinal tract is normal.? As discussed, patients
with hypokinesia are reluctant to move the affected arm
or only move it after delay. However, once they have
moved, their strength may be normal: To test for hy-
pometria, the arm is passively moved or the patient is
shown a line and asked o make a movement of the
same length. Patients with hypometria will undershoot

_ to sustain a posture. Patients with impersistence cay
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the target. To test for imipersistence, the patient is askid

not maintain postures. As mentioned, patients can be
tested for forms of motor neglect by using the Imﬂss,
eyes, or even head. They can be tested in ipsilateral

versus contralateral hemispace and in an ipsilesiopal :
versus contralesional direction. For example, patienty
with right hemisphere lesions might have trouble spon-

taneously looking leftward (directional akinesia) and
even have their eyes deviate to the right (gaze palsy).

Other patients might be able to look leftward but make

small (hypometric) saccades (directional hypometria),
Patients with right hemisphere lesions who are able to

. look to the left might be unable to sustain gaze in this

direction (directional impersistence).

Further _Assessments oflspatia} Negtect

A more complete assessment of neglect involves addi-
tional tests, which require the patient to perform simple
tasks that go beyond the reporting of a stimulus or the
movement of eyes or limbs toward a target. These tasks

can nevertheless be performed at bedside without spe- -
cial equipment. The four most commonly used tests are

described here.

In the line b:secnon task, the patient is given

a long line and asked to indicate its midpoint
(Fig. 14-1). Although horizontal lines are most com-
monly used (intersection of the coronal and axial
planes), neglect has been reported in the vertical di-
mension (both up neglect and down neglect) and in the

radial dimension (near neglect and far neglect). In gen-

eral, the longer the line, the greater the percentage of
error. Placing the line in contralesional hemispace can
also increase the severity of the error, as can puttmg
cues on the ipsilesional side.

In. performing the cancellation task, a sheet of

paper that contains targets is placed before the patient
and the patient is asked to mark out (cancel) all the
targets (Fig. 14-2). Increasing the number of targets
can increase the sensitivity of this test. Increasing the
difficulty with which one discriminates targets from
distractors can also increase the sensitivity of this task.

In testing drawing, the patient should be asked
to draw spontanecously as well as to copy figures
(Figs. 14-3and 14-4). Copying asymmetzical nonsense

figures may be more difficult than copying well-known

symmetrical figures.
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Figure 14-1

Line bisection task performed by a patient with a right hemisphere mfarchan and left
hemispatial neglect. (Courtesy of Dr. Toda‘ E. Feinberg.).

Intesting for representauonal neglect, one should
ask a subject to image a familar scene and then report
what he or she sees. A patient with representational
neglect will recall more objects from the 1ps11esmnal
than the contralesional part of the i image. -

., teths:of spatial representation, attention, and intention
| it are affected. For example, it may be difficult to
digsoriate sensory attentional disorders from motor in-
nal disorders. In general, the best means of doing
s by performing cross-response tasks ‘where the
tresponds in one side of space to a stimulus pre-
d'onthe opposite side. Video cameras, strings and
8,01 mirrors can be used in the pcrformance ofa
ponse task.

d1ssoc1ate intentional from Tepresentational
Pne.can use a fixed-aperiure technique. To do
¥ opaque sheet with a fixed window is placed
heét with targets so that only one target can be

Further testing can elucidate the underlying sys-

seen at a time, thereby reducing attentional demands.

iIn one-half the trials, the subject moves the top sheet;

in the other trials, the subject moves the target sheet.
A failure to explore one portion of the target sheet in

-both conditions suggests a representational defect, and

a failure to explore opposite sides of the target sheet in
direct and indirect conditions suggests a motor inten-
tional deficit.*

To dissociate spatial neglect of one side of the
environment from neglect of one side of the per-
son, one can ask the patient to lic down on his or
her side. This decouples the environmental left and
right from the body’s left and right. If the patient
has a right hemispheric lesien, is lying on the right
side, and now fails to detect targets toward the ceil-
ing, the neglect is body-centered. However, if the pa-
tient continues to neglect targets on the’ left side of

‘the room, the neglect is envuomnemally centered (see

Chap. 15).56 -
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Figure 14-2 _
. Cancellation task of same patient as in Fig. 14-1. (Courtesy of Dr. Todd E. Feinberg.)

PATHOPHYSIOLOGY

As the foregoing review suggests, neglect is not a
homogeneous syndrome. The peglect syndrome has
not only many manifestations but also many levels
of explanation. For a more complete discussion, see
Heilman and coworkers.! The heterogeneity of neglect
. is apparent on an anatomic level as well. _

In humans, neglect is most often associated with
lesions of the inferior parietal lobe (IPL), which in-
cludes Brodmann’s areas 40 and 39. However, ne-
glect has also been reported from dorsolateral frontal

lesions, medial frontal lesions that inclade the cingulate

PART |}/PERCEPTION AND ATTENTIO:

gyrus, thalamic-mesencephalic lesions, basal ganglia,
and white matter lesions. Because there is a Kmit on

* the anatomic, physiologic, and behavioral research that

can be done.in humans, much of what we know about
the pathophysiology of the neglect syndrome comes
from research on Old World monkeys. Monkeys also
have an IPL; however, their IPL is Brodmann’s area
7. In humans, the intraparietal sulcus separates the su-
perior parietal area, Brodmann’s area 7, from the infe-
rior parietal lobule, Brodmann’s areas 40 and 39. Some
have thought that the IPL. of monkeys is a homologue

_of the IPL in humans. Others, however, have thought

that both banks of the superior temporal sulcus (STS)
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Figure 143

Copies of flower demonstrate left hem:spar:al neglect. A and B provide models on left,
patient production on right. (Parts A and B courtesy of Dr. Todd E. Feinbery; part C

courtesy of Dr. Robert Rafal;)

are the homologuc of the inferior parietat lobule in
humans. We? have demonstrated that spatial neglect
i monkeys is primarily associated with ablation of
the STS region and not the IPL. These results suggest

_ that, in regard to neglect, it is the monkeys’ STS that

is the homologue of the temporoparietal junétion of
humans. _

Anatomic studies of the STS of monkeys have
provided some information as to why this area pro-
duces neglect when ablated. The STS is composed of
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Figure 14-4
Elock drawn by a patient with left hem:spat:a! neglect
. (Courtesy of Dr. Robert Rafal.)

multiple subareas and is one of the sites of multimedal
sensory convergence. Visual, auditory, and somatosen-
sory association cortices all project to portions of the
STS. In addition, the STS has reciprocal connections
to other multimodal convergence areas, such as mon-
keys’ IPL (Brodmann’s area 7). Because ablation of
area 7 in monkeys, 2 multimodal convergence area,
was not associated with spatial neglect, we do not be-
lieve that ablation of a sensory convergence area alone
can account for the unawareness that is seen with ne-
glect syndrome. Therefore, we’ have proposed a role
for monkeys’ STS in awareness. .
Mishkin and colleagues® have suggested that the
visual system, when presented with stimuli, performs
dual parallel processes. Whereas the ventral division is

- important for determining the type of stimulus (“What -

is it?"), the dorsal syétem codes the spatial location of
the stimulus (“Where is it?”). In monkeys the “where”
system is in part. mediated by the posterior portion of
Brodmann's area 7 or the montkey’s IPL, and the “what”
systemn is in part being mediated by the inferior visual
association cortex found in the ventral temporal lobe. It
has long been recognized that bilateral ventral tempo-

ral lesions in humans and monkeys inducevisnal object -

agnosia, a deficit in the “what” system, In contrast, bi-
‘parietal lesions in monkeys induce deficits of visual
spatial localization but not object discrimination. We”
have posited that these “where” and “what” systems in-

PART I1/PERGEPTION AND ATTENTION

tegrate in the banks of monkeys’ STS or in the inferior
parietal lobule of humans. According to our research,’
lesions of monkeys’ STS and humans’ temporoparieta}
Junction induce unawareness or neglect not only be-
cause this is the area that receives polymodal sens'ory-
input but also because it is a convergence site of these
perceptual-cognitive systems that deal with both the
“what” and “where” aspects of environmental aware-
ness. Both anatomic and electrophysiologic data sub-
stantiate the hypothesis that monkeys’ STS is an area
of convergence of these two systems (see Ref. 7). We?
have also proposed that similar areas important for spa-
tia] localization and object identification may also ex-
ist in the auditory and tactile systems and that these

" modalities may also converge in the STS.

Although there is anatomic and physiologic ev-
idence that there is cofivergence from the Bredmann’s
area 7 “where” system and the ventral temporal lobes’
“what” system, this ¢annot account for the observa- -
tion that ablation of the STS induces unawareness. The
STS receives input not only from these “what” and
“where” systems but also fiom the cingulate gyrus and
the dorsolateral frontal lobe. In earlier studies, we have
demonstrated that lesions in both these areas are also

_ able to induce neglect. The dorsolateral prefrontal re-

gion is important in the mediation of goal-directed be-
havior and may provide the STS with information that
is not directly stimulus-dependent or related to imme-
diate drives and biological needs but rather directed at
long-term goals., The cingulate gyrus is part of the lim-
bic system and may provide the STS with information
about biological needs and drives. Because monkeys’
STS or humans® temporoparietal junction are supplied
with “what” and “where” conative and motivational
information, it may be able to make attentional com-
putatlons

‘Monkeys’ STS has rec1proca1 connections with
the ventral temporal “what” region and the parietal
“where” region. Therefore, after the STS region per-
forms an attentional computation, it may reciprocally

_influenice the neurons in the ventral temporal lobe and

Brodmann’s area 7 regions,

Electrical stimulation of the STS is capablc of
activating the midbrain reticular formation more than
stimulation of swrrounding posterior regions. There-
fore, the superior temporal sulcus appears to be im-
portant in the cortical control of arousal, and the
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supermodal synthesis discussed above may also lead
to neuronal activation in the ventral temporal “what”
and dorsal area 7 “where” systems. Therefore, if the
STS in monkeys or the temporoparietal junction in hu-
mans is dysfunctional, it not only fails to make atten-
tional computations but also cannot arouse or activate
directly or indirectly those areas that determine both
location of objects and their identity. This failure of ac-
tivation may prevent the monkey or human from being
aware that there is a stimulus in the space opposite the
Jesion.

' Bisiach and Luzzati® have demonstrated that sub-
jects with neglect may have an inability to image those
objects in scenes that would fall into contralesional
hemispace, and Heilman and coworkers!? have demon-
strated a hemispatial antegrade memory deficit asso-
ciated with neglect. Therefore, lesions of the IPL in
bumans may be associated with the inability to ac-
tivate old memories or form new memories of ob-

jects that are located in contralesional hernispace. In.

monkeys, the STS has strong reciproeal connections
with the hippocampus and the hippocampus has been

posited to be important in retroactivation of sensory

association areas.!! Thus, a partial (spatial) failure of
retroactivation may account for the imagery-memory
deficits.

In monkeys and bumans, spatial neglect can of-
ten be distingnished from deafferentation by observ-
ing exploratory behaviors. Deafferented subjects fully
explore their environment. However, patients with ne-
glect often fail to fully explore the neglected portion
of space, Theoretically, if we ablated both area 7 (the

“where” system) and the-ventral temporal cortex (the-
“what” system in monkeys), we suspect that these an- .
. imals would continue to be able to explore their con-

tralateral hemispace. The failure to explore contrale-
sional space that we observed in animals with STS
lesions and humans with IPL lesions may be related
to the reciprocal connections that the STS has with the
frontal arcuate gyrus region. The frontal arcuate gyrus
region or frontal eye field is important for the initia-
tion of purposeful saccades to important visual targets.
The periarcuate region is important for the initiation of
voluntary arm movements to important visual stimuli.
It has been demonstrated that lesions of this region,
as well as the basal ganglia and thalamus, which are
all part of an intentional functional network, may in-

duce motor intentional neglect. However, exploratory
defects may be also seen with posterior STS lesions
in monkeys or FPL lesions in humans. In monkeys, the
frontal arcuate area and periarcuate regions havé strong
connections with both area 7 and the STS. Whereas the
STS may be critical in activating both periarcuate and

arcuate regions, area 7 may be important for providing’

these frontal regions with the spatial maps needed to
make purposeful exploratory limb and eye movements.
In addition to the dorsolateral frontal lobe, the motor
intentional network alsé includes the medial frontal
lobes, the cingulate gyrus, the basal ganglia, and the
thalamic cortical loops as well as input from the STS or

IPL. Whereas the attentional and intentional networks

are highly interactive, they do-not estirely overlap.
Therefore one may, as discussed, see neglect frac-
tionate into motor intentional and sensory attentional
components, R

In humans, neglect can be associated with both
right and left hemispheric lesions, but neglect is in gen-
eral more severe and frequent with right than left hemi-
spheric lesions. These asymmetries appearto be related
to asymmetrical representations of space and the body.
For example, whereas the left hemisphere primarily

attends to-the right side, the right hemisphere attends

to both sides.'>!? Similarly, while the left hemisphere
prepares for right-side action, the right prepares for
both. 12 .

TREATMENT AND MANAGEMENT

‘OF NEGLECT

Neglect is a sign and symptom of cerebral disease and -
_thus it is critical to treat the underlying disease and

to prevent further insults. Because patients with ne-
glect may be unaware of stimuli, they should avoid
both driving and working with tools or machines that
might cause injury to themselves or others.

Many patients with neglect have anosognosia;
during the acute stages when patients have anosog-
nosia, rehabilitation is often difficult. In most patients,
anosognosia is transient; but because patients with ne-

glect remain inattentive to their left side and in gen- -

eral are poorly motivated, training is laborious and in
many cases unrewarding.- There are, however, some
rehabilitation strategies that might be helpful. Diller
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and Weinberg!* were able to train patients with neglect
t0 look to their neglected side; however, it was not clear
- that these top-down attentional-exploratory treatments
generalized to other situations. In contrast to this top-

down treatment, Butter et al.! used a bottom-up treai- -

ment, where they used flashing lights to attract attention
to the left side and demonstrated that dynamic stimuli

presented on the contralesional (left) side reduced ne-.

_glect. Even patients with hemianopia improved, sug-
gesting that these dynamic stimuli influenced brain-
. stemn structures. Robertson and North!® demonstrated

PART I1/PERCEPTION AND ATTENTION:

severity of neglect. Barrett et al’s patient had striatat
injury and suggested that the paradoxical effect seen i
their patient may be related to involvement of the bas:d:
ganglia. In patients with striatal injury, dopamine ag-
onists may be unable to activate the striatum on the-
injured side but instead activate the striatum on the
uninjured side, thereby increasing the ipsilesional ori-
entation bias.
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