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Half a World

Victims of a disorder called neglect just don’t get the whole picture
BY VILAYANUR S. RAMACHANDRAN AND DIANE ROGERS-RAMACHANDRAN

A PATIENT NAMED SALLY re-
cently suffered a stroke that
damaged her right parietal lobe
without affecting other parts of
the brain. The left side of her
body—controlled by the right
hemisphere—was paralyzed.
But she was mentally normal
and continued to remain the
talkative, intelligent woman
that she was before the stroke.

Yet Sally’s father observed
other disturbing symptoms to
which—oddly enough—Sally
herself seemed oblivious. When
she attempted to move around
the room in her wheelchair, she
would sometimes bump into
objects on her left,

Further testing confirmed
that Sally was largely indiffer-
ent to objects and events on her
left, even though she was not
blind to them; once her atten-
tion was drawn to them, she
could see them. Her eyesight
was normal; her problem was in attend-
ing to the left. For example, when she
ate, she would consume only the food on
the right {a), ignoring the left side of the
plate. But if her artention was drawn to
the food on the left, Sally could see it
perfectly, recognize it and reach for ir.
Sally's deficits indicate that she suffers
from hemineglect (or simply neglect),
which can also occur in isolated form,
unaccompanied by major paralysis.

Seeds of Neglect

How do such perturbations of per-
ception arise? Neglect is, fundamentally,
a disorder of artention. Alchough the hu-

man brain has 100 billion neurons, only
a small subset of them can be active at
any time creating meaningful pacterns,
and this limit results in an attentional
bottleneck. That is why you can see ei-
ther a duck or a rabbit in & but never
both simultaneously. It also explains
why when you are driving, you are not
consciously aware of most
things going on around you
while you focus on the pe-
destrian in fronr of you.
Seen in this light, the neuro-
logical syndrome of neglect
is really a floridly exagger-
ated version of the kind of

neglect we all engage in to avoid
sensory overload.

To understand neglect, we
need to consider some anatomy.
Visual input from the retina is
sent along the optic nerve and
diverges into two parallel path-
ways called the “old™ and the
“new,” reflecting when each
evolved. The former, sometimes
called the “where” pathway,
projects into the parietal lobes
and is involved in locating and
orienting to things around you.
The latter projects to the visual
cortex, and from there two
other pathways emerge called
“what” and “how,” which pro-
ject into the temporal and pa-
rietal lobes, respectively. The
what pathway is involved in ob-
ject recognition and identifica-
tion, whereas the how pathway
directs how to attend to and in-
teract with objects. The how
and where pathways converge
on the parietal cortex and are function-
ally linked—you must process both
where a chair is and how to move to
avoid bumping into it. Sally had damage
to the how pathway in her right hemi-
sphere, so she was ignoring everything
on her left side.

Curiously, neglect is seen only with
damage to the right brain.
Why doesn’t lefr damage re-
sult in neglect of the right
half of the world? Marsel
Mesulam of Harvard Uni-
versity proposed an inge-
nious explanation. The
right hemisphere, which

Sally was indifferent to objects and evénts on her left,
even though she was not blind to them.
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We should think of it as an existential annihilation
of the left side of the universe.

has more attentional resources and a
preeminent role in spatial vision, can
survey the enrire visual scene, both right
and left hemifields, simultaneously. The
left parietal, in contrast, can attend to
only the right side of the world. So when
the lefr hemisphere is damaged, the right
can compensate. If the righr parietal is
damaged, however, the left visual field js
unattended; in other words, unilateral
neglect occurs.

It is fairly easy to diagnose neglect,
The patient will tend to look rightward
constantly and will not spontaneously
look lefr even if a person approaches
from that direction. When tracking an
object moving from right ro left, she will
“lose™ the object halfway through its
excursion—not following it lefrward
past her nose. She applies makeup only
on the right side of her face. A male pa-
tient will shave only his right chin, Or
brush only the teeth on the righe.

You can also diagnose neglect with
some simple tests. Have the subject copy
or draw from memory a flower or other
object, and she will draw only half of it
(c). Strangely, this half-drawing effect is
true even if she works with her eyes
closed, implying that she js even neglect-
ing the left half of the object thart she
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conjures in her head. (Our colleague Stu-
art Anstis has requested that if he ever
develops neglect from stroke, we ensure
his Borox series continues on both sides
of his face!)

When asked to draw a clock, the pa-
tient draws only haif of it. The entire
circle is drawn-—partly because thisis an
overlearned “ballistic” response that

does not require focused attention. But |

she packs the 1o 12 on the right half of
the clock (d) or inserts only 1 to 6.

Ask her ro bisect a horizontal line;
her bisector is way off to the right be-
cause she is bisecting the right half of the
line. Now you might think rhat if the
horizental line is moved entirely into her
right (nonneglected) side, she would bi-
sect it accurately. But she does not. Even
if her plate of food is moved enttrely into
her nonneglected right visual field, she
continues to eat the food only on the
right side of the plate. In addition to ne-
glecting the left side of her visual world,
she neglects the left sides of objects even
if they are entirely on her right.

There is no sharp line going down
the center of the visual feld separating
the neglected left and the nonneglected
right. We should think, instead, in terms
of agradient of neglect. This effect s dif-
ferent from what one sees when the right
visual cortex—rather than right parietal
lobe—is damaged. In this case, the result
is a sharp boundary between the blind
region on the left and the intact right re-
gion of the visual field. And of course,
the subject cannot see objects on her left
even if she is forced to “attend” to the
blind region. She can no more see these
items than she can see behind her head.

Annihilation of the Left

A curious aspect of neglect is that the
patient is largely unaware of it. He ne-
glects the neglect! At some level, he may
be dimly aware that something is wrong,
telling us he “needs glasses,”

Sally’s obliviousness to her neglect

{

suggeses yet again that what she has is
not merely a sensory deficit or blindness
to visual inpur coming from her left nor
evenjusta failure to attend to the left. We
should think of it instead as an existen-
tial annihilation of the left side of the
universe. For her, “left” has simply
ceased to exist. Maybe she even has prob-
lems with abstract ideas or words that
require the use of the word “left,” bur we
have not tested this idea,

Extraordinarily, neglect patients
may be even unaware of the paralysis of
their lefrarm, a condition called anosog-
nosia. When we asked Sally to touch her
nose with the nonparalyzed right hand,
she did so. When asked if she could move
her left hand, she said, “Yes, I can move
it fine.” But when we then asked her to
touch her nose with her left hand, she
prompely grabbed the lifeless left hand
with her right and raised it toward her
face using it as a “tool” to touch her
nose! Clearly, even though “she” (the
conscious person) was unaware of the
paralysis, some part of the brain “knew”
the lefr arm was paralyzed. Why else
would she unhesitatingly grab it and
raise it toward her nose?

The inadvertent humor of her re-
sponse was lost on her. Bear in mind that
in every other respect she was complete-
ly lucid, intelligent and articulate. The
full implications of neglect were brought
home to us even more vividly when we
hung a two-foot-by-two-foot mirror on
the wall to her right. When she turned
her head 1o the right to look in the mir-

1 www.SciAmMind.com

SCIENTIFIC AMERICAN MIND 19




(illusions)

Recognizing a mirror image as a mirror image requires
a peculiar dual representation in the brain.

ror, she saw her face and, of course, re-
flections of objects on her left that she
had been neglecting. She “knew™ she
was looking at her face in the mirror. But
our question was, Would the mirror
“correct” her neglect by making it obvi-
ous to her that there was a whole world
on the left that she had been ignoring?
We asked a student to stand on her

lefc holding a pen so Sally could see the !

reflection of the pen in the mirror on her
right {and she said she could). We then
asked Sally to take the pen with her {non-
paralyzed) right hand and write her name
on a notepad on her lap. Imagine our as-
tonishment when Sally reached straight
toward the mirror and attempted to grab
the reflection! When asked where the pen
was, she replied with frustration: “The
pen is inside the darned mirror, doctor.”
On other occasions, she reached behind
the mirror, groping for the pen, insisting
that “the pen is behind the mirror.” [t was
as though her brain were saying, “This is
a mirror reflection, so the pen is on my
left. But left doesn’t exist in my universe,

50 the pen must be in the mirror. Thatis
the only *solution’ to the problem.”

What is surprising is the illusion’s re-
sistance to intellectual correction. Her
high-level knowledge about mirrors and
what they do cannot correct her behavior
even after repeated failed artempts to
grab the pen. Indeed, it is the other way
around: her knowledge of mirror optics
has been warped to accommodate the
strange sensory world she is now trapped
in (to the extent of rationalizing her ac-
tion by saying things such as “The pen is
inside the darned mirror, doctor”). We
have dubbed this new neurological dis-
order (or “sign™) mitror agnosia.

Hope for Recovery?

Mirror agnosia is unlikely to be a def-
icit that is restricted to mirrors. In fact, we
have seen patients recover temporarily

from neglect (by irrigating the ear with
cold water) but continue to reach for the
pen in the mirror. We should regard it as
a specific—if dramatic—manifestation of
a more general disorder: an inability to

| deal with complex spatial relations caused

by the right parietal damage. Recognizing
a mirror image as a Mirror image requires
a peculiar dual represencation in the
brain: a mirage superimposed on reality
{e}. With a damaged right parietal lobe,
Sally’s brain cannot handie this peculiar
juxtaposition. Even a four-year-old child
or an orangutan rarely confuses a mirror
image of a banana for the real thing, but
the older, wiser Sally does, despite her life-
time experience with mirrors.

Neglect is a common clinical prob-
lem. It is frustrating to therapists who

| try o educarte the use of che lefr arm due-

ing the critical window of the first few
weeks after a stroke; the patient’s indif-
ference to her left side becomes an im-
pediment to therapy. We found that with
repeated coaxing, Sally would start
reaching for the pen on the left, bur when
we came back after a few hours the mir-
ror agnosia returned, Would repeaced
training sessions, spread over several
days, finally correct her mirror agnosia?
Would it ger rid of the neglect entirely?
This cure remains to be seen,

Whatis clear for now, though, is that
studying patients with Sally’s deficits
can give us valuable insight into how the
brain constructs reality. M
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