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Section 1

INTRODUCTION

1.1 SUMMARY
The natural history of the neglect syndrome after acute
stroke is not clear.

The main reasons for this are that

different studies have examined patients at different times
post-stroke,

using different clinical tests without ade

quate control data, and often without strict definitions of
the various neglect phenomena. The prognostic features in
the recovery of patients presenting with visual neglect has
been examined in only one study. The design of this study
may have lead to under-detection of visual neglect and may
have exaggerated the association of neglect with a poor
outcome.
together,

In addition,

by grouping all dependent patients

irrespective of the degree of dependency,

the

study may have failed to target the group in greatest need
of therapeutic intervention. This thesis aims to re-examine
the incidence and speed of recovery of the various features
of the neglect syndrome in patients with acute stroke.
particular,

In

it seeks to determine the predictors of the

severity of visual neglect and of the level of independence
in survivors at 3 months and at 6 months. These predictors
may be helpful in selecting patients for trials of treat
ment of visual neglect.

1.2 THE NEGLECT SYNDROME
1.2.1 Definition
Heilman et al

(1985)

define

the

"Neglect

syndrome"

in

patients with a cerebral lesion as failure to orientate,
report or respond to behaviourally relevant stimuli on the
side opposite their

lesion.

By definition

the

n eglect

syndrome cannot be considered p resent if the failure to
respond can be attributed to primary sensory or motor loss.
The neglect syndrome is classically associated with right
hemisphere damage

(Brain 1941; Haecen 1962)

and the most

common cause of this in clinical practice is a "stroke".
1.2.2 Symptomatology
Patients with the neglect syndrome due,

for example,

to a

right hemisphere stroke, may not notice people approaching
or addressing them from their left-hand side, may fail to
wash or dress their left hand side and,
leave

food on the

left ha n d

side

when eating,

of t h e i r

plate.

may
When

reading text they may omit material from the left-hand side
of the page (Fig 1.1)

and, when writing,

they may leave an

unusually wide margin on the left of the page.
tests such as Line cancellation
copying

(Oxbury et al 1974)

the left half of the page

In clinical

(Albert 1973)

they fail to cancel

(Fig 1.2)

or figure
lines on

and fail to reproduce

details from the left half of their drawings

(Fig 1.3).

In

short they act as though the left sided stimuli were not
there

(Leicester et al 1969)

half of space

(Brain 1941). However,

or none phenomenon.
or a c t ivity

and seem to neglect the left
neglect is not an all

It may be present in one clinical test

but not

in an o t h e r

in

individual

patients

(Leicester et al 1969; Ogden 1985; De Costello + Warrington

1987;
1985).

Friedland and Weins t e i n
It can be p r e s e n t

1977; M e sulam 1981;

in c l i n i c a l

activities such as washing,

tests

Ogden

but not

dressing and eating

in

(Battersby

et al 1956). In other words, it is behaviourally inconsist
ent.
1.2.3 Main features of the syndrome:

"Neglect phenomena”

The neglect syndrome consists of the following
p h e n o m e n a :- v i s u a l

neglect

h e m i - i n a t t e n t i o n , sensory
hemi-akinesia

(or h e m i - s p a t i a l
extinction,

neglect
neglect),

allesthesia

and

(Heilman et al 1985).

Patients with visual

neglect

(or hemispatial neglect)

tend to ignore relevant visual stimuli

when carrying out

tasks or activities on the side opposite their cerebral
lesion. Hemi-inattention is similar to and often confused
with visual neglect.

Some authors refer to the failure to

w a s h and dress the side opposite the cerebral
visual

(visuo-spatial or hemi-spatial)

al 1985) while others refer to this as
(Battersby et al 1956).

lesion as

neglect

(Heilman et

(hemi-)

inattention

For the purposes of this study,

visual neglect is defined as the patients'

failure to make

a motor response to visual stimuli on a battery of clinical
bedside tests

(Stone et al 1987). Hemi-inattention,

on the

other hand, will be defined in terms of the patients gener
al

spontaneous

behaviour,

irrespective

of

m o d a l i t v . in

response to environmental stimuli (e.g. people approaching,
noises or activity in the wa r d ) .
A p a t i e n t wi t h e x t i n c t i o n
lateralised sensory

is a b l e

(e.g. light touch)

to r e p o r t

a sin g l e

or visual stimulus

(e.g.confrontation testing of visual fields) but, when both
sides are stimulated simulataneously, fails to report the

contralateral stimulus

(Critchley 1949;

Bender + Farlow

1945). Patients with allesthesia attribute stimulation of
the limbs opposite the cerebral lesion to stimulation of
those on the same side as the lesion.

When r e q u e s t e d to

move the limb opposite their lesion they move those on the
same side as

the

lesion

(Jones

1907).

Similarly,

when

addressed from the side opposite their lesion they turn
their head away

from the speaker, as

standing on the side of the lesion

if the

latter were

(Heilman et al 1985) .

Patients with hemi-akinesia or "motor neglect" (Heilman
al 1985)

fail to carry out an activity

eral extremity,

et

with the contralat

despite the presence of adequate strength

and the absence of sufficient apraxia (Valenstein + Heilman
1981; Laplace + Degos 1983; Watson et al 1981).

It should

be noted that not all patients show all the neglect phenom
ena at any one time

(Battersby et al 1956; Heilman et al

1985; Mesulam 1981).
1.2.4 Related disorders
Heilman et al

(1985) also note that neglect phenomena are

often accompanied by what they call
These include anosognosia,

"related disorders".

anosodiaphoria,

non-belonging,

gaze paresis and visual field defects.
Anosognosia describes the clinical disorder whereby the
patient denies or appears unaware of their motor deficit
following their stroke. A patient with anosodiaphoria will
appear

indifferent to their weakness while patients with

non-belonging feel that their weakened limb does not belong
to them

(Babinski 1914;

horizontal

conjugate

Cutting 1978).

gaze p a r e s i s

due

A patient wi t h a
to

a unilateral

hemispheric lesion is unable to follow a moving object such

as the examiner's finger as it moves horizontally away from
the side of the lesion.
1.2.5

Causes of neglect

Neglect is usually due to unilateral parietal lobe injury,
(Brain 1941;

McFie

et al

1950;

Haecen

1962;

Hier

1983;

Vallar + Perani 1986). The temporo-parieto-occipital junc
tion is frequently involved,

with the inferior parietal

lobule the commonest site of damage
Bisiach et al 1981).
sites

also

frontal

cause

lobe

(Vallar + Perani 1986;

However unilateral

contralateral

neglect

(Heilman + Val e n s t e i n

lesions at other
:- dorsolateral

1972;

Damasio

et al

1979; Stein + Volpe 1983; Vallar + Perani 1986); cingulate
cortex

(Heilman + Valenstein 1972a;

thalamus

Damasio et al 1979) ;

(Watson + Heilman 1979; Watson et al 1981; Vallar

+ Perani 1986); caudate and putamen

(Hier 1977; Damasio et

al 1979; Vallar + Perani 1986).
Neglect is classically associated with damage to the right
hemisphere

(Brain 1941 ; McFie et al 1950). Haecen

(1962)

found that it was rare in patients with a left hemisphere
lesion (four out of two hundred and six patients)

compared

to fifty one out of one hundred and fifty one patients with
a

r ight h e m i s p h e r e

lesion.

Similarly,

a study

of one

hundred patients with an acute stroke reported neglect in
50% of those with right hemisphere damage but could not
find

it in any p a t i e n t

with

a left h e m i s p h e r e

stroke

(Cutting 1978). Other studies have confirmed the associa
tion with right hemisphere stroke (Oxbury et al 1974; Denes
et al 1982 ; Fullerton et al 1986). Some studies have found
the incidence of contralateral neglect to be the same after
right or left brain damage

(Albert 1973; Chain et al 1973;

Ogden 1985; Gainotti et al 1986) but that it is more severe
after right brain damage
Ogden 1985).

(Albert 1973;

Chain et al 1973;

Some studies have suggested that there are

qualitative differences in the type of neglect resulting
from left or right hemisphere lesions

(Leicester et al

1969; Gainotti + Tiacci 1972; Gainotti et al 1986).
1.2.6 What is the underlvina mechanism of neglect ?
There are two main theories which seek to explain neglect.
These

are

(1)

deficits

"intention/activation"

in t h e

systems

1981; Watson + Heilman 1979;
Heilman + al 1985)

"attention/arousal"
(Watson et al 1973;

or

1974;

H e ilman + Vale n s t e i n 1980;

(2) faulty internal spatial representa

tion of events in the individual *s environment or extraper
sonal space

(Bisiach + Luzzati 1978; Bisiach + al 1981). A

detailed review of these theories is beyond the scope of
this study but a general overview is presented,
fl)Deficits in Attention-Arousal and Intention-Activation
"Attention" is the conceptual mental process which enables
an

individual

to attend to and

focus

on b e h a v i o u r a l l y

relevant environmental stimuli and ignore distracting and
irrelevant aspects (Mesulam 1983). Once the importance of a
stimulus has been determined, the subject's response can be
thought of as engaging an

"intentional" component and an

"activation" component neccessary for the response
et al 1981).

(Watson

It is proposed that deficits in either the

system mediating attention to sensory stimuli or in the
system controlling the "intentional" response may result in
neglect.
Evidence from clinical studies, animal experiments, single
cell recording and neuroanatomical studies reviewed else

where (Watson et al 1981; Heilman et al 1985; Mesulam 1983)
suggests

attention

to

contralateral

sensory

controlled by the inferior parietal lobule

stimuli

is

(IPL). This is

the site most commonly damaged in patients w i t h neglect
(see above). It receives highly integrated sensory informa
tion from association cortex

and its function is regulated

by input from cingulate cortex and the reticular formation
(Fig 1.4).
Eye Field

The main output from the IPL is to the Frontal
(FEF). This area appears to mediate intention to

respond to contralateral stimuli.

The IPL also directs its

output to the corpus striatum and superior colliculi, areas
which,

together with

scanning,

the

FEF,

a re

important

in v i s u a l

orienting and exploratory behaviour of the head

and eyes, and in reaching movements of the limbs. They thus
constitute a motor mechanism for exploring contralateral
space in response to significant stimuli. The function of
the FEF is regulated by input from cingulate cortex, thala
mus and reticular formation (Fig 1.4).
It is proposed that unilateral

damage

to the

neuronal

pathways subserving "attention" or "intention" results in
contralateral neglect. The complexity of the neural p a t h 
ways may explain why neglect can be caused by lesions

in

different

of

areas.

The

exact

clinical

manifestations

neglect may depend on the precise areas or pathways da m 
aged.
(2)Internal representation hvpothesis
Bisiach

and c o l l e a g u e s

have

shown

that patients

with

neglect of left sided stimuli due to a right hemi s p h e r e
lesion fail to describe the left half of recollected images
(Bisiach + Luzzatti

1978;

Bisiach et al 1981).

Their pa-

tients were required to describe from memory a well known
scene

(such as a square

viewed

from two

in their

different

native

city of Milan)

p e r s p e c t i v e s ,one

facing

the

cathedral and the other facing away from the cathedral.
Whatever their orientation, they omitted the
of the scene in each view.

left half

It was suggested that this was

because left space is represented in the right hemisphere
and right space in the left hemisphere.

In other words,

there appears to be an "internal visual representation" of
environmental space topographically split between the two
hemispheres.

This

theory proposes

that

the

a s s o c iation

cortex of the parieto-temporal-occipital junction might be
the locus of a "visuo-spatial scratch pad" on which this
spatial information is represented (Bisiach et al 1981).
Mesulam (1981, 1983) has brought this theory together with
that

of

deficits

in

"intention-activation"
"scratch pad"

or

the

"attention

syste m s .

He

arousal"

suggests

that

"internal sensory representation"

c o r r e s p o n d to the

IPL and the

association

and

cortex

the

might
that

connects to it. He also suggests that there is a similar
"internal motor representation"

of

space topographically

split between the hemispheres which corresponds to the FEF.
In addition he proposes that there is an "internal motiva
tional representation" of environmental space,
interest

and

significance,

split

between

the

in terms of
two

hemi

spheres and which corresponds to the cingulate cortex. Each
representation is thought to respond mainly to contralater
al stimuli,

although the right hemisphere is dominant

(see

above). The three representations are closely interrelated
and interconnected and their function is partly regulated
by input from the reticular formation (Fig 1.4).

1.2.7

Right hemispheric specialization

Neurophysiological studies suggest that the right h e m i 
sphere is dominant for "attention".
hemisphere

has

the

capacity to

It appears that

attend

each

to co n t r a l a t e r a l

visual stimuli but that the right hemisphere is better able
to attend to stimuli from both sides and is in fact d o m i 
nant

for this

function

(Heilman + V a n Den A b e l l

1980;

Kushner et al 1988) . Further evidence suggests that the
right hemisphere is also dominant for "intention"

(Heilman

+ Van Den Abell 1979; Heilman + Valenstein 1985a; Howes +
Boiler 1975).

This dominance of the right hemisphere for

these two functions would explain why most studies

find

neglect is more common and severe in patients with a right
hemisphere lesion. The hypothesis can be put forward that
when the

left hemisphere

is d a maged

, the

right

"takes

over" its attentional and intentional functions. When the
right hemisphere is damaged however,
to "take over" these functions,

the left is less able

because of the specialized

role of the right hemisphere in the spatial distribution of
sensory attention to environmental space.

1.3 WHY IS NEGLECT IMPORTANT IN STROKE ?
1.3.1

Poor recoverv

Neglect appears to be associated with a poor recovery from
stroke. Early studies found that disorders of perception,
including "motor neglect"
judgement"

(Adams + Hurvitz 1963),

(Gregory + Aitken 1971),

neglect"

(Isaacs + Marks 1973)

al

were

1975)

independence

or "neglect"

associated with poor
in self-care.

"unilateral

spatial

(Feigenson et

or slow r e c o v e r y

Recent studies have
10

"spatial

of

isolated

visual neglect as a major predictor of poor outcome

(Kin-

sella + Ford 1980; Denes et al 1982; Fullerton et al 1986),
although the influence of the other features of the neglect
syndome is unclear. It is therefore, on visual neglect that
the current study concentrates.
Patients with visual
benefit
tional

neglect

find

it

difficult

to

from remedial therapy, despite months of conven
physiotherapy

and occupational

therapy.

A

study

from one rehabilitation unit suggested that visual neglect
interfered in particular with
activities of daily living"
self-care e.g.
Ford 1980).
mo r e pr o n e
(Oilier

dressing,

"the complex m u l t i f a c e t e d

essential to independence in

cooking and washing

(Kinsella +

Such patients have also been reported to be
to a c c idents

in b o t h

+ Weinburg 1970)

the h o s p i t a l

an d home

and to experience difficulties

reading and driving (Lorenze + Cancro 1962).
Visual neglect was confirmed as a poor predictor of out
come in another study from another rehabilitation centre
(Denes et al 1982) which found that the presence of neglect
was the only neurological or cognitive deficit that dis
criminated between patients making a good or bad
Studies from rehabilitation units,

though,

recovery.

concern a popu

lation which is unrepresentative of the whole stroke popu
lation.

Units usually operate some sort of triage either

selecting

patients

in the

(Garraway + Akhtar 1981)

"middle-band"

of d i s a b i l i t y

or including younger patients who

are severly damaged but for whom a unit represents the only
chance

of

a better

functional

recovery.

Nonetheless,

a

large study of consecutive admissions to district general
hospitals found that the presence and severity of visual

11

neglect was related both to survival and to the level of
dependence in self-care at six months post-stroke

(Fuller

ton et al 1986).
1.3.2

Treatment of visual neglect

Patients with visual neglect take up considerable rehabil
itation time and resources. Intensive treatment of neglect,
focuses

on t e a c h i n g patie n t s

to b e c o m e

a w are

of

their

perceptual problem and training them to scan towards the
neglected side

(Diller + Weinburg 1977).

Randomized con

trolled trials of such treatment given for an average of an
hour a day for 4 to 7 weeks, showed that this helped reduce
v isual

neglect

on a c a n c e l l a t i o n

task

and o t h e r

tasks

similar to those performed in the scanning tr a i n i n g
reading,

writing

and d o i n g

arithmetical

(eg

calculations

(Weinburg et al 1977,•1979; Gordon et al 1985). Independence
in self-care was

no better however,

control patients and
neous

improvement

difference
later stage

in treated than

in

the controls later made such sponta
in visual

neglect

between the control

that t h e r e w a s

and treated groups

(Gordon et al 1985).

no

at a

Taken together all the

three studies suggest that specific task-related treatment
of visual neglect can lead to more rapid improvement in
those

tasks. The theory was put forward that application

of the principles of visual scanning training to specific
activities
would

of daily

living d isrupted

by visual

neglect

lead to faster recovery of independence in self-care

(Weinburg et al 1979).

Single case studies using computer

based visual scanning training support this suggestion but
a subsequent randomized controlled trial failed to show any
benefit

of

treatment

(Robertson

12

et

al

1988;

199 0 ) .

The relevance of these studies to the treatment of the
acute stroke patient is not clear,
sons.

First,

for the following rea

the patients in these trials were recruited

from rehabilitation units and so are unrepresentative of
the acute hospital-based stroke population.

Second,

pa

tients were entered into the trials at a mean time post
stroke of 6 weeks
et al 1977)

(Weinburg et al 1979), 10 weeks (Weinburg

and 14 weeks

(Gordon et al 1985)

matched for time post-stroke.

and were not

In only one trial

(Weinburg

et al 1977), was an attempt made to match patients for the
severity of their perceptual deficit,

but this was accord

ing to the presence or absence of a hemianopia rather than
to the severity

of neglect

(Robertson et al 1990)

itself.

A more recent

trial

matched for severity but included

patients with head injury as well as those with stroke.
Clinical experience suggests that some stroke patients
presenting with visual neglect make a good recovery without
specialized treatment.
intensive treatment,

If visual neglect is amenable to

it is essential to know which are the

features that predict good or bad recovery of independence.
Future trials can then randomize patients

into treatment

groups matched according to their prognosis. If such trials
show the benefit of treatment, clinicians could then select
patients for treatment as soon as possible after stroke.
However,

the prognosis of visual neglect and indeed the

natural history of the neglect syndrome itself after stroke
is not well studied.
1.4

WHY

UNKNOWN

IS THE NATURAL HISTORY

OF THE NEGLECT

SYNDROME

?

Most work on the neglect syndrome in stroke has concen
trated on visual neglect. The incidence and rate of resolu
13

tion of the other neglect phenomena and related disorders
has been little studied and patients with left hemishere
stroke have been virtually excluded from consideration.
Even for visual
widely,

33-85%

neglect,

of

its

incidence

vary

for right hemisphere

and

0-24%

left

hemisphere stroke stroke
Hier et al

1983;

reports

for

(Oxbury et al 1974; Cutting 1978;

Fullerton

et al

1986;

Val l a r

+ Perani

1986) . Reports of its recovery vary even more widely. With
regard to visual neglect such v a riation is due to three
things.

First,

several

studies use

phenomena interchangeably.

Second,

the various

neglect

different studies exam

ine patients at different times post-stroke. Third, differ
ent tests of visual neglect are used in separate studies,
often without sufficient age matched control data.
1.4.1 Definitions of neglect phenomena
The interchangeable use of the terms "neglect” , "inatten
tion” and "extinction” throughout the literature is confus
ing for the clinician and research worker alike (Crithchley
1949; Heilman + Valenstein 1972; Halsband et al 1985; Wade
et al 1988; Rout 1978; Weinburg et al 1977). These phenome
na are by d e f i n i t i o n quite

separate

(Hier et al

1983;

Schwartz et al 1979) and can dissociate clinically. Hier et
al's study

(1983)

of patients with an acute right h e m i 

sphere stroke, however,

shows that

these three phenomena

are often associated. The confusion due to lack of preci
sion

in u s i n g t hese terms

is c o m p o u n d e d

by the u s e

of

additional names such as "visuo-spatial agnosia” (McFie et
al 1950),
1956),

"uni-lateral spatial agnosia” (Battersby et al

"hemi-spatial agnosia” (Heilman + Valenstein 1972),

"unilateral visual agnosia” (Isaacs + Marks

14

1973) , "uni

lateral spatial neglect” (Denes et al 1982; Halsband et al
1985; Gainotti et al 1986), "hemi-spatial neglect"
et al

1985),

" v i s u a l he m i

"perceptual neglect"
1.4.2

neglect

"

(Ogden

(Heilman

1985)

and

(Fullerton et al 1986).

Different examination times Dost-stroke

Different studies have examined patients
times post - stroke.

at

different

Thus estimates of the i n cidence of

visual neglect vary widely:-33-85% in right hemisphere and
0-24% in left hemisphere stroke
ies which
post-stroke

first

(Section 1.4). Those stud

examined patients

at one or two months

(Denes et al 1982; Oxbury et al 1974)

excluded

patients whose visual neglect has resolved spontaneously.
Studies based at rehabilitation centres

(Denes et al 1982;

Kinsella + Ford 1980) select patients who are unrepresenta
tive of the acute hospital based stroke population (Section
1.3.1). Those

studies which examined patients between two

and seven days post-stroke
1983;

(Cutting 1978; Fullerton et al

1986;

Hier et al

Vallar

1988)

recruited patients more representative of the hospi

tal-based stroke population.

Perani

1986;

Wade

et al

They report the incidence of

visual neglect in patients with right hemisphere stroke to
be 85%

(Hier et al 1983),

ton et al 1986),
tients with

and 43%

50%

(Cutting 1978),

49%

(Fuller

(Vallar + Perani 1986).

For p a 

a left hemisphere stroke

pears to be lower

:- 25%

the incidence ap

(Fullerton et al 1986),

and 0%

(Cutting 1978).
Estimates of the speed of recovery of visual neglect in
acute right hemisphere stroke also vary:- almost 100% at 10
weeks

(Wade et al

1 9 8 3 a ) . However,

1988),

50%

at

2 months

(Hier

et

al

the former study did not diffe r e n t i a t e

clearly between right and left hemisphere stroke and did
15

not give a clear figure for the overall incidence of visual
neglect, owing to methodological problems. The second study
concerned an atypical cross section of the hospital
acute
a

stroke

lacunar

who were

population

infarct

or

obtunded.

for

a

it excluded

normal

Studies

CT

those

scan

those

from rehabilitation

units

or other centres

which recruited patients a month post-stroke

rate

their

figures

on

of recovery have to be interpreted in that light

:- 0% at 4 months

(Kinsella + Ford 1980),

(Denes et al 1982)
in

and

12.5%

at 6

Oxbury

197 6)

months

in left hemisphere stroke

study has clearly
neglect

(Campbell +

exclude those patients whose visual neglect

has resolved spontaneously by then and
the

with

and

(Kinsella + Ford 1980; Denes et al 1982)

Oxbury 1976)

based

in

right hemisphere

examined

patients

with

the
an

0% at 6 months

months
stroke;

(Campbell +
at

6

(Denes et al 1982).

No

resolution
acute

60%

of

visual

left h e m i s p h e r e

stroke.
1.4.3 Use of different tests of visual neglect
There is no single widely accepted standard test battery
able to detect, measure and monitor visual neglect.

There

are over 50 bed-side tests of visual neglect available most
of which comprise varieties of cancellation and d r awing
tasks . Only eight tests appear in more than 5 of over 60
papers

in which patients

neglect using

have been assesssed for visual

a clinical bed-side test.

The

tests most

commonly used by clinicians are probably line cancellation
and a drawing task

(Fullerton et al 1986;

Cutting 1978;

Andrews et al 1980).
All of these tests are assumed to measure the same neuro
16

psychological variable. However,
pr e s e n t

visual neglect may not be

in all tests at any one time

(Leicester

1969). Of 45 patients with right brain damage,
those examined

showed visual

neglect

numbers on a drawing of a clockface,
glect on line cancellation

and 17

and

extra-personal

13

8 (18%)

filling
(29%)

of

in the

showed n e 

(38%) on copying a cube

(Ogden 1985). A recent study found
personal

on

et al

dissociations between

neglect

and

suggested

that

different tests assess different underlying mechanisms of
neglect

(Bisiach et al

1986).

A

similar

conclusion was

reached in another study that repor t e d a p a tient
tumour in both hemispheres,
visual neglect
bisection

, with

who consistently showed left

on reading and right visual neglect on line

(DeCastello + Warrington

1987) . Visual neglect

may therefore be "task specific"

(De Gastello + Warrington

1987).

clinicians

The

current practice

of

and

research

workers of assessing visual neglect by one or two tests
chosen often on the basis of their simplicity is therefore
unsatisfactory

and,

as Ogden

(1985)

has p o inted out

,

might lead to an under-estimate of the incidence of visual
neglect. This may be especially true of visual neglect in
left hemisphere

stroke.

Indeed,

the presence

of

visual

neglect may be masked by aphasia in patients with
hemisphere lesions
et al 1988)

left

(Brain 1945; Battersby et al 1956; Wade

although

others have not found this to be so

(Albert 1973; Schenkenberg et al 1980; Ogden 1985; Wilson
et al 1987).
Furthermore,

a l t hough most

studies

consider

that

the

presence of visual neglect on just one test is sufficient
evidence

(Ogden 1985; Halsband et al 1985),
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a few studies

consider that it must appear on at least two tests before
it can be considered to be unequivocally present

(Battersby

et al 1956; Schenkenberg et al 1980). There is, similarly ,
no standard method

of scoring visual

various methods have been tried

neglect

although

(Schenkenberg et al 1980;

Ogden 1985; Fullerton et al 1986; Wade et al 1988; Bisiach
et al 1981; Denes et al 1982; Gainotti et al 1986).
pretation

of

the

Inter

common drawing tasks may be sub

jective and rendered difficult by structural disorganiza
tion and other problems of perception or praxis

(Mcfie et

al 1950; Battersby et al 1956; A n drews et al 1980).
re l e v a n c e

of the more

commonly used

clinical

activities of daily living is uncertain
1956 Weinburg et al

1977).

Their

The

tests

to

(Battersby et al

predictive

regard to recovery from stroke is unknown,

value with

except for line

cancellation (Fullerton et al 1986).
A test battery,
consisting

the Behavioural Inattention Test

of tasks

(e.g. eating a meal,

which

simulate

selecting coins,

recently been introduced

everyday

activities

reading a paper)

(Wilson et al 1987;1987a).

was developed and validated with patients
average,

(BIT)

has
This

who were,

on

2 months post-stroke. The BIT has been shortened

and modified for use with patients a few days after their
stroke

(Stone et al 1987) but not yet fully validated.

Its

predictive value is unknown .
1.4.4 Insufficient control data
A further difficulty in standardardizing

assessment

of

visual neglect is that there is little in the way of age
related control data

(Wade et al 1988).

Given that nearly

half of all those suffering an acute stroke are over 75

18

years of age

(Bamford et al

1988)

and that age-re l a t e d

neurological (Howell 1949; Jenkyn et al 1985) and cognitive
changes
mon,

(Heron + Chown 1967; Schaiae et al 1983)

are com

it is neccessary to know how the normal elderly per

form on te s t s

of visual

neglect

in o r d e r to

interpret

correctly the findings observed in a stroke population of a
similar age.
Few studies have adequately described visuo-spatial func
tion in the elderly

(Huppert 1987). A study of perceptual

function in a community sample of elderly subjects found
that tests commonly used to detect visuo-spatial neglect
such as drawing a clockface or a human
Posting Box

figure,

and the

(Isaacs + Marks 1973) may be performed poorly

or with difficulty in 47%, 18%, and 59% of elderly subjects
respectively

(Eccles

1988).

However the relationship be

tween such visuo-spatial impairments in normal elderly and
the more florid examples of visual neglect in patients with
stroke remains unclear .
Three studies of stroke patients with visual neglect have
noted that elderly controls frequently made a small number
of omissions on various neglect tests

(Wilson et al 1987,

Wade et al 1988, Stone et al 1987). These studies differed
in the choice of control

subjects,

the

method u s e d to

measure performance and the selection of cut-off points to
distinguish between visuo-spatial

impairment and visual

neglect. Only one of these studies used active independent
controls the same age as a typical stroke population
et al

1988);

relatives
tients

the

others

(Wade

used h e a l t h p r o f e s s i o n a l s

(Wilson et al 1987),

or general medical

(Stone et al 1987) whose performance

and

in-pa

may have been

influenced by the general effects of unrecognized depres
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sion or recent ill-health.
The differences in examination times, patient populations,
and definitions and tests used to detect visual neglect
have combined to explain why the natural history of visual
neglect in acute stroke patients continues to remain u n 
clear.
1.5 THE PROGNOSIS OF VISUAL NEGLECT IN ACUTE STROKE
It is known from
deaths occur
1980;
the

within

the

studies
first

Wade + Hewer 1985a)

and

remaining patients make

within

the

relatively
days

general

of

3-4

stroke
weeks

that

most

the

of

that
(Aho

et

al

majority

of

their

first 3 months (Skilbeck et al 1983),
rapid

phase

of

recovery

in

most

the

recovery
with

a

first 10

(Wade et al 1985a) . Up to 30% may make considerable

gains in

specified

areas

of

months

(Andrews et al 1981),

report

this late improvement

dysfunction between 3 and 6
although

not

all

studies

(Allen 1984).

There has been no detailed study of the recovery of all
components of the neglect syndrome in patients with right
and left hemisphere stroke.

In particular,

no study has

attempted to predict the severity of visual neglect at 3
months and at 6 months.

Such a study might be useful

choosing comparable patients

in

for trials of treatment of

visual neglect.
Studies predicting the functional outcome of stroke have
usually categorized it as " i n d e p e n d e n t " , "dependent"
"dead",

sometimes

amalgamating

the

latter

two

into

or
one

group

(Prescott et al 1982; Allen 1984;

1988).

Statistical modelling techniques are then used to
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Fullerton et al

relate the probability of membership of any one group at,
say,

6 months,

to the clinical variables observed at in

individual patients at presentation.
Such categorization of outcome may have d i m i n i s h e d the
usefulness

of these studies

in

that the cost of stroke

relates mainly to the loss of independence in s e lf-care
(Henley et al 1985), rather than to mortality (which occurs
early and predictors of which are well known)
1975). Moreover, grouping

all

dependent

(Oxbury et al

patients togeth

er ignores the implications that the degree of dependency
has for service provision.

Indeed,

various assessments of dependency

careful reading
reveals,

of the

for example,

that one study regards as "independent" those patients who
need

"supervision"

Another
require

includes

in the

assistance

continence
fined

in self-care

(Andrews

as "independent"

(Prescott

"independent"

in
et

one
al

et

group

1982).

those

of dressing,
1981). A

al

who

washing

third study

or
de

those who would be able to live at

home "with the help of social services"

(Allen 1984),

a

definition that may well depend as much on the strength and
flexibility of local services,

and the presence of a main

carer as on the patient's level of dependence. A prognostic
study that used a standardized assessment of independence
in self-care and offered more than one category of depend
ency,

thus enabling early identification of the more d e 

pendent survivors, might be more useful and open the way to
development of new treatment to improve outcome.
1.5.1 Previous prognostic studies
An attempt has already been made to predict recovery of
patients with visual neglect in acute stroke.
al

(1988)

Fullerton et

examined patients at 1-2 days post-stroke after
21

admission to hospital and showed that the initial severity
of visual neglect was predictive of outcome.
categorized as "recovered” , "independent",
"dead".

Outcome was

"dependent" or

Equations were produced estimating the probability

of independence. These could be used to allocate patients
to trials

of treatment.

However,

their

s t u d y m a y have

omitted a significant proportion of patients with visual
neglect by only using one test of neglect

(Ogden 1985). It

may have exaggerated the association of visual neglect with
a poor outcome by giving the mean neglect score to patients
unassessable for visual neglect, who constituted a third of
their population and of whom over 80% died. Moreover,
assessment of self-care used in the study

the

was unstandard

ized and appeared to exclude washing and dressing.
1.6 THE AIMS OF THIS STUDY
The aims of this study are as follows.
(1) To standardize and validate a battery to assess visual
neglect other neglect phenomena,

and related disorders in

acute stroke.
(2) To report the incidence of visual neglect,

other ne

glect phenomena and related disorders in patients with an
acute stroke.
(3) To report on the recovery of the same.
(4)

To p r e d i c t the

s e v erit y

of v i s u a l

neglect

and the

degree of independence in self-care in surviving patients
at 3 months and at 6 months post-stroke.
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Driver killed, 30 hurt as
packed train rams a loco
NURSES ON

A D river died trapped in his
cab in a horror train smash last
night.

TRIP TEND

T h irty others were hurt as a
passenger train rammed two
coupled locomotives on a track
snaking across the Derbyshire
Pennines.

INJURED

The injured— three o f them

By CAROLE NEWTON

seriously - were rushed to hos
pital in a fleet o f ambulances.
Last night emergency workers
were trying to free the body o f
the driver from the passenger
train which was derailed.

More than 100 people were on
the four-coach diesel when it
crashed near the village of Chinley
near Buxton.
The alarm was raised by a
young m otor-cyclist who saw
the crash and ran to a nearby
school fo r help.
Two nurses on board the train

Ficrure 1.1 Neglect on reading (patient omits underlined
text and starts on right hand side {arrow})

B.I.T. 1

X
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Figure

1.2

X
X

~+

X
X

-h
V
Y

V

X
-h

X
X

Neglect on line cancellation with
start (arrow).
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right

hand

Figure 1.3

Neglect on copying figures
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Frontal
Eye
Fields

Inferior
Parental
Lobule

Association

Cortex

Gingulate
Cortex

Thalamus

Reticular
Formation

"Attention-Arousal"

"Intention-Activation"

Figure 1.4 The "attention-arousal” and
"intention- activation" systems,
(modified from Mesulam 1983)
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Section 2
METHODOLOGY
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2.1 SUMMARY
The present

study overcame

some

of the m e t h odological

problems of previous investigations
All patients were entered at 2-3

in a number of ways.

days post

stroke;

set

definitions of neglect phenomena and related disorders were
used; a battery of 7 tests,
control data,

standardized with age matched

was used to increase the detection of p a 

tients with visual neglect; only outcome in survivors was
assessed,

using

self-care,

and

a standar d m e a s u r e
dependence

was

of

independence

categorized

a c cording

of
to

severity; patients unassessable for visual neglect were not
considered to have the mean amount of neglect.
One hundred and seventy one consecutive patients admitted
to hospital with an acute hemispheric
entered

in

the

study.

Each

first

received

stroke were

neurological and

neglect-related assessments at 2-3 days post-stroke. Fourty
seven independent age-matched controls were also assessed
and the findings used to

standardize

the

assessment

of

neglect phenomena and related disorders.
The incidence of neglect phenomena and related disorders
was recorded.

Patients presenting with visual neglect at

2-3 days were followed up at 10 days,
months and 6 months post-stroke.

3 weeks,

6 weeks,

3

The cumulative recovery

rates of all neglect phenomena and related disorders were
calculated for surviving patients.
A measure of severity of visual neglect was devised and
used,

together with the

other

clinical

assessments,

to

predict the severity of visual neglect and 3 months and at
6 months,using stepwise regression analysis.
Independence

in self-care

in s u r v i v i n g p a t i e n t s

at

3

months and at 6 months was categorized as "independent",
27

"mildly” , "moderately” and "severely" dependent according
to performance on the Barthel Index.
analysis was then used

Logistic regression

to identify the important clinical

variables observed at 2-3 days that predicted outcome in
patients that could be assessed for visual neglect at 2-3
days post-stroke.
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2.2

INTRODUCTION

In order to achieve the aims of the study,

and to avoid

the methodological problems outlined above, stroke patients
were recruited at 2-3 days post-stroke,
tions

of n e g l e c t p h e n o m e n a

and

standard defini

related

disorders

were

adopted and outcome in survivors was defined using a stand
ard assessment

of

independence

in self-care.

The

study

proceeded in six stages (Figure 2.1).
Stage A: A battery of tests for visual neglect and clini
cal assessments of neglect phenomena and related disorders
were standardized on a group of acute stroke patients and
age matched controls.
Stage B: These assessments were used to report the inci
dence of neglect phenomena and related disorders at 2-3
days post-stroke.
Stage C: Patients from this group, presenting with visual
neglect were followed for up to six months to report the
frequency and rate of resolution of neglect phenomena and
related disorders.
Stage D: An overall measure

of visual

neglect was

de

veloped that expressed performance on the visual neglect
battery as a single percentage figure.
Stage E: Statistical modelling techniques were used to
determine which neglect phenomena and related disorders
predicted the severity of visual

neglect at 3 and

at

6

months post-stroke.
Stage F: Similar statistical methods were used to determine
which neurological features predicted the degree of inde
pendence at 3 months

and

at 6 months

tients .
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in s u rviving p a 

171 patients with

AN ACUTE HEMISPHERIC
STROKE
Examined at 2 3 days

47 age match
CONTROLS

subsample first 44
patients with acute
stroke

A. STANDARDIZATION OF
NEGLECT BATTERY

36 PATIENTS TOO ILL TO
BE ASSESSED

8. INCIDENCE NEGLECT
PHENOMENA AND RELATED
DISORDERS

37 PATIENTS
WITH NO VISUAL
NEGLECT

98 PATIENTS WITH
VISUAL NEGLECT AT
2-3 DAYS
Follow up at todays,
3 weeks, 6 weeks, 3
months, 6 months

Exclude deaths,
2nd stroke,
refusals
68 PATIENTS WITH
VISUAL NEGLECT
ALIVE AT LEAST
3 MONTHS

RECOVERY OF NEGLECT
PHENOMENA AND RELATED
DISORDERS

D. DEVELOPMENT
OVERALL MEASURE
VISUAL NEGLECT

Assess Independence
Self care at 3 months
and 6 months
Exclude
patients with
pre-existing
disability

Stepwise
Regression
Analysis

i

E. PREDICTION SEVERITY
VISUAL NEGLECTAT3& 6
MONTHS (68 PATIENTS)

PREDICTION
INDEPENDENCE
IN SELF CARE AT
3 & 6 MONTHS
(89 PATIENTS)

Figure 2.1 Summary of research design: Stages A-F
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2.3 RECRUITMENT OF PATIENTS
2.3.1

Stroke patients

One hundred and seventy one consecutive patients
72.37 years,

s.d.

12.11,

range 28-100 years)

St.Bartholomews and Homerton hospitals,
Hackney Health District,
stroke w e r e

(mean age

admitted to

in the City and

with an acute hemispheric first

r e c r u i t e d to the

study.

All

patients

admitted as emergencies under general physicians,
for one admitted under the geriatricians,

were

except

and two admitted

under the neurosurgeons.
Patients were registered for the study by daily contact
with the previous day's admitting medical team and were
first assessed for the study at 2-3 days post-stroke.

A

stroke was defined as a focal neurological deficit lasting
at least 24 hours and of vascular origin

(modified World

Health Organization definition, Aho et al 1980).

Patten's

criteria were used to define a hemispheric stroke

(Patten

1978). Patients with subarachnoid haemorrhage were excluded
from the study,

as were patients whose stroke occured more

than 3 days prior to assessment.
Sixty nine of the patients
and

102

(60%)

(40%)

had a right hemisphere

had a left h e m i s p h e r e

patients

(8%) had lacunar strokes,

criteria

(Fisher 1982),

stroke.

Thirteen

as defined by Fisher's

11 of the pure motor hemiparesis

variety and 2 of the sensorimotor type. Ninety one patients
(53%) were female.
127 patients received a CT brain scan at 3-5 days,

and 44

were assessed by the Guy's Hospital diagnostic score (Allen
1983)

to determine whether the stroke was haemorrhagic

patients)

(14

or ischaemic (157 patients), according to stand-
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ard cut-off points
were scanned 48

(38%) had no visible lesion,

cortical lesions,
had both.

(Sandercock et al 1986).

20

(16%)

Of those who
37

(29%) had

had deep lesions and 22

(17%)

The 30 day case fatality rate was 27%.

2.3.2 Controls
Fourty seven controls

(mean age 71.6 years,

range 34-93) were recruited.

s.d.

12.77,

Each was resident in the City

and Hackney Health District, had no history of neurological
disease,

and was independent in self-care. The sample was

m a t c h e d for age

in 10 y e a r c o h o r t s w i t h the

patients in the acute stroke p o p u lation
years,

s.d.

12.61,range 28-100).

f i rst

160

(mean age 72.12

Controls were recruited

from amongst those patients in general good health admitted
for elective procedures or investigations
placements,

cystoscopy,

lithotripsy)

(e.g.joint re

to the urological and

orthopaedic wards of S t .Bartholomews hospital.

Patients

with a known neurological or psychiatric history or with
a history of diseases known to have neurological manifesta
tions

(e.g. adenocarcinoma of the kidney,

carcinoma of the

bowel or lung) were excluded. Those at risk of small vessel
disease due to

diabetes or hypertension and were included

as were those with cardiovascular disease for these were
common

disorders

within

the

general

and

stroke

populations .
2.4 DEFINITION AND ASSESSMENT OF NEGLECT PHENOMENA.RELATED
DISORDERS
All neglect phenomena and related disorders were defined
as in Sections 1.1.3-4.

They were assessed using methods

that were as closely related to standard clinical practice
as possible.

This way it was hoped that other clinicians
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would be more

likely to

incorporate

into their

routine

assessment of stroke patients any tests this study found to
be of prognostic value. Although individual physicians can
vary greatly in their standard neurological examination of
patients,

the

difficulties

involved

in

introducing

new

examination techniques has been amply demonstrated else
where

(Garraway et al 1976) . Simple and short assessments

were preferred in order to avoid tiring the patients when
acutely ill and in order to secure their co-operation with
the frequent follow-up examinations.
2.4.1

Visual neglect

Visual neglect was assessed by the version of the Beha
vioural Inattention Test

(Wilson et al 1987)

that had been

modified and shortened for use on patients w i t h i n a few
days of their stroke

(Stone et al 1987). This consists of

eight simple and sensitive tests.
late everyday activities and

are intended to help thera

pists select areas for treatment
menu,

Four of the tests simu

(eating a meal,

reading a

reading a newspaper article and selecting c o i n s ) .

Three of the tests are paper and pencil tasks, two of which
are used frequently by clinicians
figure copying). The other
be

particularly

(star cancellation)

sensitive

( P .H a l l i g a n - - p e r s o n a l

(line cancellation and

to

visual

communication).

(Pointing to objects in a room)

was

was said to

The

neglect
final

test

included because,

if

found to have particular diagnostic or prognostic value, it
would provide clinicians with a simple bedside test that
requires no additional equipment.
All tests were presented in front of the subject's
line with the examiner seated directly opposite.
limit was imposed.

mi d 

No time

After a patient had completed a test
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they were

asked to check that they were

pat i e n t s w e r e una b l e to
difficulties,
sion,

attempt

tests

the level of consciousness,

perseveration,

poor eyesight,

finished.

due to

Some

language

fatigue,

confu

or p aralysis of the

dominant hand. The tests were administered in the following
order.
(appointing to objects located about the ward (Fig 2.2)
The patient was asked to point to and/or name

all the

objects that they could see on both sides scattered about
their hospital room or ward

(Patterson + Zangwill 1944).

The examiner always stood directly behind the patient and
made sure that there was an approximately equal distribu
tion of objects

located on the

left

and the right hand

sides.
Using a photocopy of a closed semicircle

, with the posi

tion of the patients head marked at the centre of the
and with marks

on the ci r c u m ference

at

45,

base

90 and

135

degrees,the examiner noted which objects were situated at
0,45,90,135 and 180 degrees and used these as landmarks.
When the patient pointed to or named objects

in the room

the examiner marked their position relative to the
marks.

When the patient finished pointing,

land

the examiner

measured the approximate number of degrees omitted on the
circumference of the semi-circle.
(bP Food on a plate

(Wilson et al 1987)

(Fig 2.3)

A life size colour photograph of a plate cont a i n i n g 8
items of food was placed in front of the patient who was
asked to point or name each item of food. Where necessary
the

examiner demonstrated

what was

number of items omitted was recorded.
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required.

The

total

Correct identifica

tion of the food items was not required.
fc)Reading a menu (Wilson et al 1987)

(Fig 2.4)

The patient was asked to open and read aloud from a menu
that listed 12 items of food on the left page and 12 on the
right. The number of words omitted on the left, right,
in total was recorded.
words.

and

Aphasies were allowed to point to

If the patient did not begin reading in the first

left hand column, this was noted as a sign of left visual
neglect

(Mesulam 1983; Holmes 1918)

and referred to as a

Right Hand Start (cf. arrow on Fig 2.4).
fd)Reading a newspaper article

(adapted from Wilson et al

1987)(fig 2.5)
Patients were asked to
aloud.
copy.

read

the

"newspaper"

extract

The examiner marked any words omitted on a p h o t o 
Some patients were unable to read small print and in

order to c o ntrol

for the

effects

of p o o r

number of words omitted from the Headlines
bold p r i n t ) , the P a r a g r a p h
capitals)

and the Article

were recorded separately.

(5 w o r d s

(117 words

in

eyesight
(10 w ords

smaller,

the
in

f i ner

in small newsprint)

If the patient began reading any

where but at the top left hand corner a Right Hand Start
was recorded.

This test was not given to patients with a

left hemisphere

stroke because in the pilot study that

modified the BIT (Stone et al 1987)

it was found that few

of these patients were able to read well enough to attempt
this test and that few of those that could d e m o n s t r a t e d
neglect on this test.
fe)Line cancellation(adapted from Wilson et al 1987; Albert
1973)

(Fig 2.6)

The patient was presented with a sheet of paper on which
40 one inch lines had been marked in 7 columns. The patient
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was required to cross out all the lines on the page after
the examiner had demonstrated what was required by crossing
out the 4 lines in the centre of the page. The place where
the patient started to cancel the lines was noted because
initiation of tasks on the right hand side is a fundamental
feature of patients with visual
hemisphere lesion (Chedru et al

neglect due to

a right

1973; Weinburg et al 1977;

Mesulam 1985). A Right Hand Start was considered present if
the first

lines to be cancelled were

in the

column located on the right side of the page
Fig 2.6).

6th or 7th

(cf. arrow in

The number of lines omitted on the right,

left and in total was recorded.

the

If the patient's dominant

hand was too weak to cross out lines and they were unable
to use the other hand, they were allowed to point to each
line, which the examiner would then cross out.
ff)Star cancellation(Wilson et al 1987)

(Fig 2.7)

The patient was presented with 56 small stars m i x e d up
with many large stars and capital

letters.

They were in

structed to cross out the small stars after the examiner
had demonstrated this by crossing out two of the centrally
positioned stars. The number of small stars omitted on the
left,

the right and in total was recorded.

A

Right Hand

Start was considered present if the patient began cancel
ling stars in the 5th or 6th column located on the right
side of the page. Where their hemiparesis made it difficult
to cross out stars,

they were again allowed to point to

them.
(g)Coin selection (Wilson et al 1987)
A large card
following values

(32x21cm)

(Fig 2.8)

with three coins of each of the

(2p, 5p, lOp, 20p,
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5Op,

£1) was presented

to the patient with the three five pence coins on the side
opposite their cerebral lesion.

The patient was

asked to

point to each of the coins called out in turn. The examiner
marked the results

on a p h otocopy of the test

number of omissions on the left,
recorded.

card.The

right and in total was

Occasionally the examiner would place a loose

coin of the value required in front of the patient in order
to help an aphasie patient understand which coin they were
being asked to find. An alternative strategy was to write
the value of the coin requested on a piece of paper,
fh) Figure coovina from the left

(Wilson et al 1987)

(Fig

2.9)
The patient was presented with a piece of paper divided
into six squares.

In the 3

squares on the left were fig

ures of a four pointed star

(Oxbury et al 1974),

(Gainotti et al 1972) and a daisy
These were to be copied
right side.
cube)

(Gregory + Aitken 1971) .

into the empty 3 spaces

The number of major

a cube

omissions

and the number of minor omissions

on the

(e.g.half a

(e.g. a leaf) was

recorded for each object. Each major omission was given an
arbitrary score of 2 and each minor omission a score of 1
(Ogden 1985).

Other difficulties in spatial exploration on

construction e.g.closing figures in a rough undifferentiat
ed manner,

were not regarded as a sign of visual neglect

(Gainotti + al 1972).
This test was not given to those patients with a right
hemisphere stroke as the pilot study that modified the BIT
(Stone et al 1987)

indicated that this test was less sensi

tive to n e glect than ma n y other

tests

in the

battery.

However it was found to be useful for those patients with
LH stroke.

Those patients with neglect often ignored the
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empty right spaces and "crowded” their copies into the left
hand side of the page. This Crowding had also been observed
in patients with a right hemisphere lesion when they were
presented with

figures on the

right to be copied

into

spaces on the left.
2.4.2 Operational definition of visual neglect
Control results for these tests

were used to establish a

normal range of performance for each test. Visual neglect
was considered to

be present in a stroke patient

if they

made more omissions on any one test than the independent
age-matched controls.
2.4.3 Scoring the tests
The total number of omissions made on Lines,

Stars, Meal,

Menu and Coins were expressed as a percentage of the total
number of items in each test

(Fullerton et al 1986) . The

number of degrees omitted on Pointing was expressed as a
percentage of 18 0 degrees. The number of words omitted in
Headlines was

expressed as a per c e n t a g e

out of

10,

the

number omitted on Paragraph as a percentage of 5, and the
number in the Article was expressed as a percentage of 117.
The score for Figure Copying was converted into a percent
age (of a maximum score of 6).
The p e r c e n t a g e

score on each t e s t wa s

then g r a d e d

as

follows ;-Grade 0 :no neglect; Grade l ;up to 20 % of items
omitted on the test;

Grade 2 :21-40% items omitted : Grade

3:41-60%; Grade 4 ;61-80%;

Grade 5 : 81-100%.

Right Hand Start and Crowding were both considered to be
qualitative rather than quantitative measures of neglect
and were therefore noted but not
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scored.

2.4.4

Hemi-inattention

There is no standard method of assessing hemi-inattention
(hemi-inattention)

given in standard textbooks of clinical

or neurological examination (Swash + Mason 1984; Weatherall
et al

1987; Pappworth 1984). The literature however gives

several clinical accounts of h e m i - i n a t t e n t i o n and these
were used as the basis for its assessment.
Hemi-inattention

was regarded as present if the subject's

general spontaneous behaviour during examination suggested
an inability to orientate or respond correctly to environ
mental stimuli on one side (e.g. people approaching, noises
or activity in the ward)

(Battersby et al 1956; Hier et al

1983; Heilman et al 1985). It was also regarded as present
if the subject had failed to shave or to position their
glasses properly on the contralesional side of their face
(Gordon et al

1985),

if they

consistently

obstacles or doorways on one side when mobile

bumped

into

(Weinstein +

Friedland 1977; Weinburg et al 1977; Battersby et al 1956),
or if the subject appeared unaware of their contralateral
limbs and let them remain in uncom f o r t a b l e or unnatural
positions (Heilman et al 1985).
2.4.5 Sensorv Extinction
Sensory extinction to

light touch was

assessed by the

technique of double simultaneous stimulation (DSS)

(Critch-

ley 1949; Swash + Mason 1984) using a modification similar
to that used in other studies (Denes et al 1982; Bisiach et
al

1 9 8 6 a ) . Subjects were asked

to close their

eyes

and

report whether they were being touched on their left hand,
right hand or on both. Care was taken to touch the subject
at the same spot on each hand. A regular alternating rhythm
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was established which,
rupted by bilateral

at selected intervals,

stimulation.

If a

was

subject

unilateral stimulation instead of bilateral,

inter

r e p orted

the side that

was ignored was noted. Bilateral stimuli were given a total
of five times and the number of correct responses out of
five was recorded. The cut-off point, below which score the
patient was considered to have sensory extinction in that
limb, was set in accordance with the age matched control
data.

The test was then repeated on the subject's feet.

This method differs from standard clinical practice (Swash
+ Mason

1984)

only in that

it attempts

severity of extinction which,
shown

not

to

et al 1977,

be an

1979).

all

It

to q u a n t i f y the

in other studies, has

or

none

phenomena

is simpler than

been

(Schwartz

m e thods which

require the use of several different objects and textures
(Schwartz et al 1977). There is no standard proceedure for
testing patients

wi t h aphasia.

When

this

made

testing

difficult, patients were asked to keep their eyes open and
report stimuli verbally or by gesture or by movement r e 
sponse. The response mode,

once established, was noted and

if the patient was able to identify all 5 double simultane
ous stimuli with their eyes open, the the test was repeated
with eyes closed and the score was noted.
2.4.6 Visual Extinction
"Visual extinction" was also assessed by double simultane
ous stimulation on full co nfrontation testing
Farlow 1945),

(Bender +

subjects being asked to report movement of

the examiner's fingers.
(Swash + Mason 1984)

This is standard clinical practice

and has been used in previous studies

of patients with stroke

(Denes et al 1982;

1 9 8 6 a ) . Scoring and strategies
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Bisiach et al

for de a l i n g with aphasia

were as for sensory extinction.
2.4.7 Allesthesia
"Allesthesia” was regarded as present if subjects consist
ently attributed sensory stimulation of one side to stimu
lation of the other or if they consistently moved the limbs
on one side when requested to move the limbs on the other
(Jones 1907; Heilman et al 1985). The number of times that
this happened during examination for sensorimotor deficits
was noted .
Evidence of motor neglect

(hemi-akinesia)

was sought i.e.

a spontaneous failure to use the contralateral limbs which
could

not

be

attributed to power loss or apraxia

man et al 1985; Laplace + Degos
o b s erved
common.

very

infrequently

1983).

because

This,

(Heil

however was

hemiparesis

was

so

It was therefore included as a sign of hemi-inat

tention in order to avoid an unneccessary increases in the
number of variables to be analysed.
2.4.8 Anosoanosia
A modified version of the "anosognosia q u estionnaire
from a detailed study of anosognosia
u s e d to r e c o r d the p r e s e n c e

of

(Cutting 1978)

anosognosia

"

was

a nd of the

commoner anosognosic phenomena. Anosognosia was regarded as
present if,

on direct questioning,

the major deficit

a patient denied that

in their paralysed limb was weakness.

This recording of explicit denial or lack of consciousness
of hemiplegia is standard clinical practice

(Swash + Mason

1984) , has been used in other studies of stroke patients
(Denes et al 1982; Hier et al 1983; Fullerton et al 1988)
and is equivalent to the "severe " and "moderate " grades
of anosognosia reported in a more detailed neuropsychologi-
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cal study (Bisiach et al 1986a).
2.4.9 Anosodiaphoria
This was recorded as present if the patient's response to
the questions " does it bother you? is it a nuisance ? "
was "no" (Cutting 1978).
2.4.10 Non~belonaina
This was regarded as present if,

on direct questioning,

the patient felt that their limb did not belong to them
(Cutting 1978).
2.4.11 Gaze Paresis
Gaze paresis was assessed by the ability of the subject to
track a moving object

(the examiner's finger)

from right

to left and back again. Loss of active following movements
be y o n d the m i d l i n e was

regarded

as a grade

1 paresis,

forced lateral deviation of the eyes to one side as a Grade
2 paresis

(adapted from DeRenzi et al 1982).

no frank gaze paresis

but,

on observation,

If there was
the

subject

appeared to have lost spontaneous scanning movements to one
side in response to environmental stimuli,
sidered to have a "gaze preference"

they were con

(Watson + Heilman 1979)

which was considered as a sign of hemi-inattention
inattention)

(hemi-

(Chedru et al 1973).

2.4.12 Visual field defect
Assessment was by the standard clinical method on confron
tation asking patients when they first detected the examin
er's moving

fingers

(Swash + M a son

1984).

Defects

were

recorded as a hemianopia or quadrantanopia. Where aphasia
or

impaired

consciousness

intervened,

the p r e s e n c e

absence of the blink response to threat was noted
Mason 1984).
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or

(Swash +

2.5 OTHER NEUROLOGICAL ASSESSMENTS
Other neurological
prognostic value

and general

in previous

features

studies

shown

of the

to

have

o u tcome

of

stroke were assessed.
2.5.1 Level of consciousness
Many studies have found the level of consciousness to be
predictive of outcome (Marquardsen 1969; Oxbury et al 1975;
Allen 1984; Wade + Hewer 1985; Fullerton et al 1988). This
was recorded as alert, drowsy,
c l a s s i f i c a t i o n used,
physicians
1984).

and

in

which

practice

Scale

, by

(Allen 1984),
many

to the m o t o r

(Jagger et al

1983)

section

1985)

but w h i c h

(Allen
of the

which has

successfully used in previous prognostic studies
Hewer

is not c o m m o n l y used

a

general

is progn o s t i c a l l y useful

This was p r e f e r r e d

Glasgow Coma

or comatose

been

(Wade +

by g e n e r a l

physicians and which has recently been shown to be subject
to considerable interobserver variation

(Rowley + Fielding

1991). Moreover, a pilot study found that many patients who
were clinically drowsy or semi-comatose had a normal motor
score

and this method was therefore discarded.

2.5.2 Weakness
The severity of weakness has been found to affect outcome
after stroke in several studies
al

1983;

Allen

1984;

(Marquardsen 1969; Wade et

Henley et al

1985;

Wade

and Hewer

1987) . It was assessed in the current study by the motricity

index

(Demaurisse

et al

1982)

directly related to the M.R.C.

because

it is

simple,

grading used in clinical

practice, has been used in several recent studies of stroke
(Wade 1984; Wade et al 1985a; Wade + Hewer 1985)
some prognostic value

(Wade et al

1983;

Wade

and has

and Hewer

1987) . It correlates well with independence in self- care
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(Wade + Hewer 1987).
The motricity index was developed by recording the power,
which was expressed in MRC grades, of many different muscle
groups in 100 patients with an acute stroke who were re
assessed at two monthly intervals for six months. Mathemat
ical techniques showed that the power of any one muscle
group acting at a particular joint was representative of
the power of the other muscle groups acting at that joint.
Any change in power of that group could be taken as repre
sentative of the general trend in all groups acting at that
joint. In order to give some meaning to the MRC grades, the
difficulty experienced by individual patients in progress
ing, in any one movement,

from one grade to the next,

over

a two month period, was compared with the total difficulty
experienced in progressing in that movement from the bottom
grade 0 to the top grade 5 over that period. This relative
d i f f i c u l t y was

expressed

as a per c e n t a g e ,

example, change from grade 2 to grade 3

so t h a t

for

in shoulder abduc

tion is equivalent to progressing from 42% to 56% of total
motor recovery of that movement.

This removes the a r b i 

trariness of the grades so that measurements at different
joints are e q u i v a l e n t and

can

be

summated,

to

give

an

overall score that expressed power as a percentage of total
motor recovery.

A total arm score is therefore g i ven by

adding and averaging the motricity percentage scores
individual movements
and fingers.

for

at, for example, the shoulder, elbow,

A total leg score is similarly derived

and

the two are summated and averaged to give an overall score
suitable for further statistical analysis.
Other studies have based their assessment of power on the
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M.R.C. grades and have assessed

” movement

of the limb as

a whole ” (Prescott et al 1982; Hier et al 1983; Fullerton
et al 1988) . Another study classified power loss, without
prior definition,
and " total "

as "slight ", "moderate " , "severe " ,

(Cutting 1978).

Other studies have graded

the ability of the patient to hold their limb in a constant
position

(Denes et al 1982; Bisiach et al 1986a),

a method

that is neither standard nor validated. One study used the
MRC grading system and aggregated the grades of individual
movements to give a total limb score

(Andrews et al 1981).

However the grades have no intrinsic value

and could just

as well be represented by letters as by numbers.
more,

the gr a d e s

are not e q u i v a l e n t

Further

in that th e

force

exerted on knee extension is not the same as that exerted
on finger extension even if they are both given

an MRC

grade of 3. They therefore they cannot be summated to give
a total limb score that has any real mathematical value.
The most complete and valid assessments of motor function
in stroke patients, which take account of tone and of the
quality of movement
H enley et al 1985)

(Ashburn 1982; Fugl-Meyer et al 1975;
take too long to perform

and do not

give an aggregate score suitable for statistical analysis.
2.5.3

Proprioception

Proprioceptive loss has been shown,

in three studies,to

relate to outcome (Prescott et al 1982; Allen 1984; Wade et
al

1 9 8 5 a ) . Proprioception was measured,

in the

current

study, by a method similar to that described by Mayne et al
1965. A series of five movements in the vertical plane (two
g ross

and

th r e e

fine)

distal interphalangeal
and

were
joint

carried

out at the

of the index finger,

wrist,
ankle

inter-phalangeal joint of the great toe. Subjects were
45

asked

to keep their

eyes

closed and to tell the examiner

whether the joint were being moved up or
of correct responses

down.

The number

(maximum=10 for each limb was record

ed) . Strategies for testing in the presence of aphasia were
the same as for extinction (see above).
This method is closely related to
tice

routine clinical prac

(Swash + Mason 1984) and enables severity of loss to

be guaged.It was preferred to the m e t h o d of finding the
thumb with the normal hand

(Prescott et al 1982) . Although

the latter method is simple,

p r o g n o s t i c a l l y useful,

and

associated with the recovery of independence in self-care
(Smith et al 1983) , it does not assess the lower limb, and
does not appear to have any advantage over routine clinical
examination, which also yields prognostically useful infor
mation

(Allen 1984).

Furthermore it may reflect neglect as

well as proprioception (Smith et al 1983).
Other forms of sensory loss were not recorded.

Although

recent studies have suggested that light touch may predict
in recovery

(Henley et al

1985;

Fullerton

et al

1988),

neither this nor loss of two-point discrimination or pi n 
prick have been found to be of special prognostic signifi
cance in large studies using adequate statistical analysis
(Feigenson et al 1977a; Wade et al 1983; Allen 1984). The
only study to claim that this
tor

was

of outcome used a mechanical,

an

important

predic

rather than a clinical,

method of assessment, which had neither been validated nor
tested on controls. The population was too small to allow
for

proper

statistical

analysis

and

was

unrepresenta

tive of the whole stroke population,

consisting of late

entry patients to rehabilitation units

(Stern et al 1971).
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The patient's age was recorded as previous studies have
found that

this

influences

outcome

(M a r q u a r d s e n

1969;

Wade et al 1983; Allen 1984; Henley et al 1985). The side
of the cerebral lesion, the patient's handedness,

sex and

any aphasia were noted.

The presence of any pre-existing

disability

and of

or disease,

any

intercurrent

illness

unrelated to stroke all of which might affect independence
in self-care,

were recorded.

Each p a tient received a CT

brain scan at 3-5 days, when an infarct is most likely to
be visible without contrast (Skriver + Olsen 1982),

or was

assessed by the Guy's Hospital

(Allen

1983 ; Sandercock et al 1986)

d i a gnostic

to determine whe t h e r their

stroke were haemorrhagic or ischaemic.
dence to suggest that

Score

There is some evi

although a patient with a haemor

rhage is more likely to die during the acute phase

(Allen

1984a), if they survive, the recovery of residual impair
ments, may be may be quicker than if they had had an in
farct (Hier 1983a).
2.6 OUTCOMES
The level of dependence in survivors was determined at 3
months and at 6 months by assessing the ability to carry
out basic self-care activities using Wade et al's
modification of the Barthel Index. This is a
ten items :-continence of urine and faeces,
letting, bathing,

feeding,

transfers,

dressing. To each of these is allotted
The

individual

score,

scores

are summated

out of a m a x i m u m of 20.

(1985)

check-list of
grooming,

walking,

toi-

stairs and

an arbitrary score.
to give the

Th e B a r t h e l

Barthel

score

has

recently been used to define levels of dependence in selfcare "Independent" 20 ; "Mildly dependent" 15-19
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; "Moder

ately dependent” 10-14;
al 1987).

"Severely dependent” 0-9

(Wade et

These categories of dependency were adopted to

assess outcome in the current study.
The Barthel Index is simple, reliable and valid

(Wade et

al 1985) . There is good agreement between the score given
for an individual patient by nurses,
pists (Collin et al 1988).

relatives and thera

Its routine use has been recom

mended with all patients after stroke

(Wade 1986) . It has

been used extensively in recent studies

(Dejong + Branch

1982; Wade et al 1983; Wade + Hewer 1987;

Skilbeck et al

1983) . The initial score has prognostic value

(Wade et al

1983; Wade + Hewer 1987) and the discharge score is a major
determinant

of the place of d i scharge

(Dejong + Branch

1982) .
The disadvantage of using the above categories
there

is a gr e a t

difference,

services needed by people with

for example,

is that

b e t w e e n the

scores of 19 and 15. None

theless consideration of the individual activities of daily
living by use of the Barthel Index is a practical way of
deciding how dependent a patient is. Although some studies
have used statistical modelling techniques to predict the
Barthel score, or similar, at 6 months post-stroke (Wade et
al 1983;1985a; Wade + Hewer 1987),

it should be remembered

that scores allotted to individual activities are arbitrary
and categorical, with no real mathematical value. Therefore
the summed score cannot be treated as continuous data in
statistical manipulation. For this reason the current study
used the Barthel to categorize outcome into those groups
previously defined by Wade + Hewer

(1987)

and used statis

tical modelling techniques to predict which group individu-
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al patients might belong to.
It has recently been proposed that the modif i e d R a n k i n
scale

(Dennis + Warlow 1987)

should be used as a standard

measure of dependency. However, this does not differentiate
clearly between dependence in self care and inability to
lead an unrestricted lifestyle although these outcomes have
quite different implications for the level of provision of
services post-discharge. Other studies have place of di s 
charge
1981)

or length of stay (Henley et al 1985; Sheikh et al
as o u t c o m e s but the s e

influenced by social factors
Branch

1982)

so was

are

l i k e l y to be

strongly

(Lehmann et al 1975; Dejong +

not assessed

in the present

study,

although they too are affected by the degree of neurologi
cal impairment
these reasons,

(Labi et al 1980;

Sheikh et al 1981).

For

outcome was categorized according to inde

pendence in self care, using the Barthel Index as a stand
ardized assessment.
The Barthel suffers from the problem that the summed score
does not reveal in which activities the patient is disa
bled.

There are two assessments

in w h ich activities are

arranged in order of difficulty so that the overall score
indicates which activities the patient cannot do. However
one of t h e m

(Lincoln + W h i t i n g

detailed for rapid assessment,

1980)

is too

long

and

especially by n o n - t h e r a 

pists. The other (Ebrahim et al 1985), although simple, had
n ot y e t b e e n w i d e l y u s e d

at t h e

time

of p l a n n i n g

th e

present study. The Barthel has been shown to have its own
intrinsic heirachy of difficulty

(Wade et al 1987).

The

main alternative to the Barthel at the time of planning the
present study was the Northwick Park Index
1979). This, however includes cooking,
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(Sheikh et al

cleaning and shop

ping,

the relevance of which is likely to depend on sex,

marital status and pre-morbid ability.
activities

Disability in these

is less likely to prevent discharge home than

disability in basic self-care.

The Barthel was thus pre

ferred.
The number of deaths was also recorded and categorized as
being due either to the acute
quences of immobility
pressure

sores

stroke,

( e.g. pneumonia,

) or to other diseases

or to the c o n s e 
puilmonary emboli,
(e.g.

myocardial

infarction, renal failure).
2.7 STAGES OF THE STUDY
The clinical assessments and the outcomes categories were
used to study the natural hi s t o r y

and prognosis

of the

neglect syndrome in the six stages outlined in Section 2.2
and Figure 2.1. The methodology of each of these stages is
described below.
2.7A STANDARDIZATION OF THE VISUAL NEGLECT TEST BATTERY
Patients
Forty-four consecutive patients

(a subsample of the 171

stroke patients entered in the study [section 2.3.1]), with
a mean age 71.2 years

(s.d.

12.8),

admitted to hospital

with an acute hemispheric stroke were examined.
had signs of a right hemispheric stroke,

Eighteen

26 had signs of a

left hemispheric stroke. The diagnosis was confirmed clini
cally

and

the test battery was administered at

3 days.

Patients were re-examined at 3 months because after this
interval most
recovery

neurological

(Section

1.5).

deficits

All

patients

contrast CT brain scan at 3-5 days.
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make most

of

underwent

Two patients

their
a non
had a

haemorrhage, the rest had an infarct.
The battery was also administered to 47 independent age
matched controls whose characteristics have already been
described (Section 2.3.2).
In 21 patients the findings on examination were validated
against an occupational therapist's

assessment of

"hemi-

inattention" in activities of daily living.Inter-observer
reliability was also established using 12 of the stroke
patients.

The sensitivity of the battery to change over

time was assessed.
Each control was also assessed for depression and cogni
tive impairment, using quck and easy screening tests that
have been developed and validated for elderly people;
Geriatric

Depression

1983,1986),

Hodkinson's Mental Test Score "MTS"

1972)

Scale

"CDS"

(Yesavage

and Kendrick's Object Learning Test "KOLT"

the

et

al

(Hodkinson
(Kendrick

et al 1979) .
The CDS is a depression scale that has been specifically
developed

for

eld e r l y people,

different presentation
gross
that

taking

in this

into

age group.

account
The MTS

the
is a

assessment of m e m o r y ,concentration and orientation
has become a standard part of the clinical assessment

of elderly people
Blessed

score,

(Iredale 1986).

which

(Blessed et al 1968)

correlates

It was derived from the
wi t h

histopathological

and neurochemical

(Perry et al 1978)

abnormalities in the brain. The KOLT is a test of recall of
pictures of everyday objects after a brief viewing period.
Its sensitivity to
age,

diffuse brain pathology irrespective of

its v a l u e as a m e a s u r e

of

severity

of c o g n i t i v e

impairment and its correlation with other commonly used
cognitive

assessments

have
51

all

recently

been

reviewed

(Kendrick 1987; Roth et al 1986).
The controls were also examined for the other neglect
phenomena and related disorders in order to estab l i s h a
normal range of performance.
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2.7B

INCIDENCE

RELATED

OF VISUAL N E G L E C T ,NEGLECT

PHENOMENA

AND

DISORDERS

Patients
Having standardized the assessment of neglect phenomena
and related disorders in a sub-sample of the study popula
tion,

all

171 patients with

an acute hem i s p h e r i c

stroke (see Section 2.2.1 for their characteristics)
examined at 2-3 days post-stroke,

first
were

u s ing the assessments

described above.
The incidence

of visual neglect,

neglect phenomena and

related disorders was recorded. Where aphasia or impaired
consciousness prevented assessment, this was noted.
The association of neglect phenomena and related disorders
with right or left hemisphere damage was examined using 95%
confidence

intervals for the d i f ference between p r o p o r 

tions.
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2.7C RECOVERY OF NEGLECT PHENOMENA AND RELATED DISORDERS
(1) Patients
50 patients with visual neglect due to a RH stroke and 48
with visual neglect due to a LH stroke were identified in
the

preceding

stage

of

th e

study

at

2-3

days

post

stroke. The presence of other neglect phenomena and related
disorders

in these patients was recorded.

examined at 10 days,3 weeks,
follow-up

revealed

no

6 weeks,

visual

They w e r e r e 

and 3 months until

neglect

or

until

they

died.Excluding those patients who died as a consequence of
their stroke
patients)

(10 patients), those who refused follow-up

and those in whom other disease,

failure, myocardial infarction,
noma of the pancreas,

(2

such as renal

aortic aneurysm and carci

intervened

(13 patients),

and those

who had a second stroke (5 p a t i e n t s ) , there were 34 right
hemisphere and 34 left hemisphere patients who could be
followed for up to 3 months.
(2) Method
The incidence of neglect phenomena and related disorders
in these patients was documented together with their cumu
lative recovery rates.
Where possible, these patients were seen again at 6 months
post stroke but 6 patients were lost to further follow up,
1 died of other disease, 1 died from the late complications
of s t r o k e
stroke.

related

immobility

and

1 suffered

a second

This left 28 right hemi s p h e r e and 31 left h e m i 

sphere patients in whom the 6 m o nth cumulative recovery
rates of neglect phenomena and related disorders could be
determined.
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(3) Choice
The first

of

follow-up

times

examination was perfo r m e d

at

2-3

days p o s t 

stroke because it would be most helpful for clinicians if
the prognostic factors for independence in self-care were
to be based on early clinical findings (Allen 1984; Fuller
ton et al 1988). Patients were examined at 10 days because
cerebral oedema will have resolved or will be diminishing
(Spatz 1939; Skriver + Olsen 1981). The third examination
was at 3 weeks, because the most rapid period of recovery
will have finished

(Skilbeck et al 1983)

of deaths will have occured

and the majority

(Aho et al 1980 ; Wade

Hewer

1985a).The six week examination was included because this
is the average
stroke units

length of stay

a c c o r d i n g to

(Stevens + Isaacs 1984)
tions were chosen

for patients

estimated

in district

planning

figures

.The three and six month examina

as most recovery occurs in the first

three months but may continue for six months (Section 1.5).
Patients were not assessed after 6 months,
beyond this stage occurs in very few

for recovery

(Andrews et al 1981;

Skilbeck et al 1983; Katz et al 1966),

although arm func

tion may be an exception to this trend

(Bard + Hirschberg

1965; Skilbeck et al 1983).
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2.7D DEVELOPEMENT OF AN OVERALL MEASURE OF VISUAL NEGLECT
The 0-5 grading system used to express performance on the
visual neglect battery

(Section 2.4.3), gives a profile of

scores on the individual tests and is able to show change
in n e glect

over time but is not as u s e f u l

as

a single

overall score.Such a score would make it easier for thera
pists and physicians to communicate the severity of visual
neglect to each other and to monitor change.
The simplest solution would appear to be to summate and
average the graded scores on the entire battery.However,
this cannot be done for two reasons.First, these grades are
in arbitrary units of no real value,

so cannot be treated

as continuous variables. Secondly,it cannot be assumed that
each test is measuring the same neuropsychological variable
(Del Gastello + Warrington 1987;

Bisiach et al 1986)

and

that grade 3 neglect on one test is equivalent to grade 3
neglect on another.
The problem is similar to that encountered in trying to
express the
instead

power

loss

of describing

movements

in

the

after stroke as an overall score,
the power

arbitrary

scale.Demaurisse and al

of individual

0-5

grades

(1982) overcame

this

muscle

of t h e M R C
problem

in

their development of the Motricity Index (Section 2.5.2).
It

is possible to apply the principles u n d e r l y i n g

development of the motricity index
measure of neglect recovery,

to

the

create an overall

using the graded performance

of patients on the individual tests

in the neglect test

battery. This measure was named the "Visual Neglect Recov
ery Index"

(VNRI).

Each patient's graded score on each test of the battery at

56

3 days and at 3 months was recor d e d in the 68 surviving
pat i e n t s

that p r e s e n t e d w i t h v i s u a l

neg l e c t

and w h o s e

subsequent course over the next 3 months was unaffected by
other disease or a second stroke.In order to facilitate
co m p a r i s o n

of p a t i e n t s w i t h r i g h t

hemisphere

and

left

hemisphere strokes, only those tests administered to both
groups of patients were considered i.e.

Pointing to o b 

jects, Photograph of a meal, Reading a menu. Line and Star
cancellation, and Coin selection.If neglect had resolved in
a patient at,say,

3 weeks it was assumed that no neglect

w o u l d have been p r e s e n t

at

3 months.

Three m o n t h s

was

chosen as the end point because most patients make

the

majority of their recovery at 3 months in, for example, arm
function,

mobility,

(Andrews et al 1981;

Skilbeck et al

1983) and, it is thought, visual neglect (Wade et al 1988).
For each test a double entry table was constructed,
as that for Reading the menu

such

(Table 2.1). The first verti

cal column refers to the number of patients who had grade
0, 1, 2, 3, 4, or 5 neglect on the Me n u at 3 days p o s t 
stroke who, at 3 months had grade 0 neglect on that test.
The second vertical column gives the number of patients
whose initial grade was 0, 1, 2, 3, 4 or 5 and whose

final

grade at 3 months was grade 1. The third vertical column
gives the number of patients with grade 0, 1, 2, 3, 4 or 5
neglect at 3 days whose final grade at 3 months was grade 2
etc.
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TABLE 2.1
Double entry table for Reading a Menu
Grade neglect at 3 months.
0
Grade neglect
at 3 days

1

2

3

4

5

8
1

0

3

1

12

1

0

7

1

1

0

3

0

2

2

From this table it follows that there were 8 patients who
initially had grade 5 neglect on this test. Seven of these
1
(3+0+0+2+2) improved over 3 months. The percentage (X ) of
those who recovered from grade 5 to grade 4 at some stage
over the 3 months is 7/8 x 100% i.e. 87.5%. Similarly, the
number of patients whose initial grade at 3 days was grade
4 or who had recovered from grade 5 to 4 at some stage
over the 3 months is 7+1+2+1+0+3+0+0+2+2=18.
these

Sixteen of

(7+1+2+1+3+0+0+2)

recovered from grade 4 to 3 at
2
some time over the 3 months. The percentage (X ) who recov
ered from grade 4 to 3 is, therefore,
There were 13 patients
3,

and

11 patients

recovered

from

16/18 x 100% (88.9%).

(12+1+0+0) whose initial grade was
(7+1+2+1)

grade 4

to 3,

who

had

at

and 5 patients

some

stage

(3+0+0+2)

who had progressed from grade 5 to 3, giving a total of 29
patients.

Twenty-six of these

(12+1+0+7+1+2+3+0+0)

recov

ered to grade 2 at some stage over the 3 months. The
3
percentage
(X )recovering from grade 3 to 2 is therefore
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4
26/29

X

100%

(i.e.89.66%). Similarly the percentage

(X

)

recovering from grade 2 to 1 is 28/30 xlOO% (i.e.93.33%).
5
The percentage (X ) recovering from grade 1 to 0 neglect
at some stage over 3 months is 26/29 xlOO% (i.e.89.65%).
If every patient had had grade 5 neglect at 3 days the
percentage of those who would have recovered from grade 5
to 0 over 3 months would be
1
X

X

2
X

X

3
X

4
X

5
X

X

1 2 3 4 5
X .X .X .X .X

X
100 % =

X

100

100

100

100

= 58%

100

8
10

The percentage of patients who did not recover from grade 5
1
2
to 4 is 100-X
from grade 4 to 3 is 100-X ; from grade 3
3
4
to 2: 100-X ; from grade 2 to 1 : 100-X ; from grade 1 to
5
0: 100-X .The percentage who would not have recovered from
grade 5 to 0 can be given by
100

1 2 3 4 5
- X .X .X .X .X
8

10
10
10

1 2 3 4 5
- X .X .X .X .X
= 41.66%
8
10

The

1
2
3
4
5
coefficients D , D , D , D , D , comparing the

rela

tive difficulty in recovering from grade 5 to4, grade 4

to

3 etc., with that of total recovery of neglect from grade 5
to 0 over three months are derived as follows:-
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1
1
D =

100-X
= 12.5/41.66 =0.3000
10
10

1

2

3

4

- X .X .X

5

X .X

8
10
2
2
D =

100-X
= 11.12/41.66 = 0.2669
10
10

1

2

3

4

5

- X .X .X .X .X

a
10
3
D =
The
from
the

etc

relative value of stage 1 of recovery,

i.e.

grade 5 to 4, expressed as a percentage is
relative

difficulty

of recovery from grade

recovery
given
5

by

to

4

divided by the total difficulty of recovery from grade 5 to
0

i.e.
1

D
X 100 % = 0.3/1.2236 = 24.5%
1

2

3

4

5

D +D +D +D +D
The
from

relative value of stage 2 of recovery

i.e. recovery

grade 5 to 3 is given by the relative difficulty

of

recovery from grade 5 to 4 plus that of recovery from grade
4

to

3 divided by the total difficulty of

grade 5 to 0

recovery

i.e.

1
2
D + D
----------------1 2 3 4 5
D +D +D +D +D

X 100 %

= 0.5669/1.2236 = 46%

Similarly, the relative values of stage 3 of recovery
grade

from

2), stage 4 of recovery (to grade 1) and stage 5

recovery (to grade 0) are given by:-
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(to
of

1 2
3
Stage 3 = D +D +D
X 100 % = 66.61%
1

2

3

4

5

D +D +D +D +D
1
2 3 4
Stage 4 = D + D +D +D
---------------- X 100 % = 79.69%
1 2 3 4 5
D +D +D +D +D
1 2 3 4 5
Stage 5 = D +D +D +D +D
------------------ X 100 % = 100%
1 2 3 4 5
D +D +D +D +D
By definition,
is

stage 0, that of no recovery from grade 5,

equal to 0 %.

For reading the menu,

grade 4 neglect

therefore represented 25% of total recovery;
glect

represented 4 6% recovery;

grade 2,

grade 3 ne

67%

; grade 1,

80% ; and grade 0, 100% recovery.
Applying this method to all tests enabled the percentage
recovery to be calculated for each grade on each test. The
percentage score on each test could be summated and aver
aged for each patients performance over the entire battery
because the measurements on each test were now in equiva
lent units.This gave an overall measure of visual neglect
recovery which was
Index"

called the

"Visual

Neglect

Recovery

(VNRI). A patient with maximum visual neglect on the

b a t t e r y had an VNRI

score of 0% and a p a t i e n t w i t h

no

visual neglect had an VNRI score of 100%.
The correlation
recovery

score

assessed by
nificant

of
on

analysis

difference

the

VNRI

individual
of

with
tests

variance

analysis.

The

and

the
at
by

change

percentage
3

days
least

in

the

was
sig
mean

VNRI values with time was examined for all 68 patients and
for right and left hemisphere stroke patients separately.
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2.7E PREDICTION OF THE SEVERITY OF VISUAL NEGLECT
AT 3 MONTHS AND AT 6 MONTHS POST-STROKE
The relationship between the severity of visual neglect
(outcome)
VNRI,

at 3 months and at 6 months,

and the clinical assessments

measured by the

(independent variables)

made at 2-3 days was examined in the 68 patients in whom
the VNRI was developed. Each assessment was coded numeri
cally. The patient's age, severity of hemiparesis
ty

i n d e x ) , and

entered

s e v erity of v i s u a l

as c o n t i n u o u s

measurement.

data

neglect

in t h e i r

(motrici

(VNRI)

original

were

units

of

The other clinical assessments were coded 0/1

a c c o r d i n g to a p r e s e n t / a b s e n t
related disorders)

( neglect

phenomena

and

or impaired/unimpaired categorization

(level of consciousness, proprioception).
These variables were then used for Stepwise regression
analysis in which an equation can be derived

that relates

the outcome "y" (in this case the VNRI at 3 or 6 months) to
the

clinical variables "x ", "x ", etc in
1
2
y

=

a

+

b x
+
1 1

b x + b x
2 2
3

each

patient.

........ etc.
3

In stepwise regression analysis the variables are added in
turn to

the

equation

and those that come out significant

(F-ratios) are then retained in the model. The equation has
a constant "a" and

regression coefficients (b , b etc)
1
2
which can be calculated for each variable,which represents
each variable's effect on outcome when the other variables
are held constant. As each variable is added to the equa
tion, the change in outcome and its statistical significance
is measured. This allows only the most significant v a ria
bles to be retained in the equation.
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The complex mathemat-

les required to carry out

this

analysis is available in

computer packages. The BMDP package

(Dixon 1985) was used

in this study.
The accuracy of the predictive equations thus derived were
assessed and their possible application to the choice of
patients for trials of

treatment of visual ne g l e c t was

considered.
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2.7E PREDICTION OF THE LEVEL OF INDEPENDENCE IN SURVIVORS
OF ACUTE STROKE AT 3 MONTHS AND 6 MONTHS.
Of the original 171 patients recruited for the study,

98

had been found to have visual neglect at 2-3 days p o s t 
stroke, 37 had no visual neglect and 36 were too aphasie or
drowsy to be assessed for neglect. All patients were fol
lowed up at 3 months and at 6 months to determine outcome,
with the following exceptions.

Of the patients with visual

neglect, 3 had pre-existing disability
independence
disease,

in self-care,

that affected their

13 died of non-stroke related

5 had second strokes and 2 refused follow-up.

the patients without neglect,

Of

2 had pre-existing disabili

ty, 2 died of other disease, 1 suffered a second stroke and
8 were lost to or refused follow-up.
patients with neglect,

There were thus 75

24 w i thout neglect whose

3 month

outcome was known.

At 3 months 10 of the neglect patients had

died of their

stroke or of the consequences of stroke related immobility.
None of those without neglect had died. There were thus 65
neglect patients and 24 non-neglect patients alive at 3
months whose outcome was known.
A further 2 patients were lost to 6 m o n t h follow-up,
died of other disease,
of the

consequences

of

1

1 extended their stroke and 1 died
stroke-related

immobility.

At

6

months the outcome was known in 60 surviving neglect p a 
tients and in 24 non-neglect patients.
Of the 36 unassessable patients, 27 were dead at 3 months,
and the rest were severely dependent.
The relationship between the outcome groups "Independent",
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The relationship between the outcome groups "Independent” ,
"Mild” , "Moderate" and "Severe" dependence and the clinical
assessments made at 2-3 days

(independent variables)

was

examined for all surviving patients in whom the 3 month and
6 month outcomes were known and who could be assessed for
visual neglect at 2-3 days
ass e s s e d

for v i sual

negle c t

. Patients who could not be
at

2-3

days w e r e

excluded

(Section 1.5.1) as were patients whose outcome was affected
by other disease or pre-existing disability.
pendent variable was coded numerically.

Each inde

Chi-squared tests

were used for categorical data and F-ratio tests for con
tinuous data to determine w h ich clinical v a riables were
significant.
The s i g n i f i c a n t v a r iable s w e r e
logistic regression

then us e d

(Walker + Duncan 1967),

for

linear

in w h ich an

equation can be derived that relates the probability (p) of
membership of any one outcome group

(y) to the clinical

variables (x , x , x etc) observed in any one patient.
1 2
3
p(y) = 1/1+e

-(a + b x
+ bx + b x
11
2 2
33

)

The variables do not have to be normally distributed,
which gives

this method

function analysis

an advantage

over

discriminant

(Press + Wilson 1978). Beginning with the

independent variable that is most

likely to discriminate

between the various outcome groups,

each variable is added

in

turn

to the equation, a "stepwise"

analysis

of

one's discriminating function. Regression coefficients

each
(b

1
b ,b , etc) can be calculated for each variable that re
2 3
fleets each variable's value in separating the groups.The
change in the separation of the groups and its
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statistical

significance

is measured with the addition of each

varia

ble. This allows only the most discriminating variables
to

be

retained

in the equation, which

has

a

different

intercept (a ,a etc) for different outcome groups.
1 2
The complex mathematics required to carry out this analy
sis have recently been made available in computer packages
such as SAS.

(Harrel 1983). Linear logistic regression was

carried out using the LOGIST proceedure of SAS with the 3
outcome groups as the dependent variables and the clinical
assessments at 2-3 days as the independent variables. A ”p
value for inclusion” of 0.05 was set

and the best stepwise

solution was sought .
Recent studies have predicted the outcome of stroke using
similar statistical modelling techniques

(Prescott et al

1982; Wade et al 1983; Wade and H e wer 1987; A l l e n
Henley et al 1985;

1984;

Fullerton et al 1988) . Most have used

Discriminant Function Analysis and may have had to catego
rize outcome into only two groups such as "independent” and
"dependent or dead” (Prescott et al 1982; Allen 1984). Only
the

study by F u l l e r t o n and c o l l e a g u e s

linear logistic modelling

(1988)

was

ab l e

to us e

which has the advantage

over discriminant function analysis that it does not r e 
quire that the variables be normally distributed.

Such a

precondition is unlikely to be met in a population of acute
stroke patients.
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chart

gown

Sainsbury's bag

Figure 2.2 Left visual neglect on "Pointing to Objects".

Figure 2.3 "Food on a plate"
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I
T

Roast chicken

Tomato soup

Grapefruit

Tea

Pork chop

Ham & eggs

hamburger

Lamb chop

Shepherd's Pie

Fried haddock

salad

Turkey

Jam tart

Cheese

milk

Veal

Ice cream

Biscuits

appletart

Boiled eggs

Coffee

Apple pie

sandwiches

Melon

Figure

2.4 Left visual neglect of words underlined on
"Menu"^ with a Right Hand Start (arrow).

Driver killed, 30 hurt as
packed train rams a loco
NURSES ON
'J 'E N 'D

INJURED

A D river died trapped in his
cab in a horror train smash last
night
T hirty others were hurt as a
passenger train rammed two
coupled locomotives on a tracic
snaking across the Derbyshire
Pennines.
The injured— three o f them

By CAROLE NEVVTON

seriously - were rushed to hos
pita l in a fleet o f ambulances.
Last night emergency workers
were trying to free the body o?
the driver from the passenger
train which was derailed.

More than 100 people were on
the four-coach diesel when it
crashed near the village of Chinley
near Buxton.
The alarm was raised by a
young motor-cyclist who saw
the crash and ran to a nearby
school for help.
Two nurses on board the train

Figure 2.5
Left visual neglect of words underlined on "Newspaper".
68

B.I.T I

I

Figure 2.6 Left visual neglect on "Line Cancellation",
with a Right Hand Start (arrow).

Cancel all t h e ^ (small stars)

%

♦
★

E

^

UMT

* M. ^ C

LEG
^

*

^

m

READ ^

-K >f
ARE

“

r - -

E

■'/

U.

MAN J

LEG *

Figure 2.7 Left visual neglect on "Star Cancellation",
with a Right Hand Start.
69

yr

»

a&i
m

iii
Figure 2.8 Left visual neglect of unmarked coins on
"Coin Selection".
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I

Figure 2.9
Right visual neglect on Figure copying with Crowding.

Figures 2.3. 2.4, 2.6-2.9
are copyright Thames Valley Test Company.
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Section 3

RESULTS
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3À STANDARDIZATION OF THE VISUAL NEGLECT TEST BATTERY.
3A.1 SUMMARY
The visual neglect battery was standardized on a subsample
of fourty-four consecutive patients with an acute h e m i 
spheric stroke and fourty-seven independent age-matched
controls.

Control patients were also assessed for other

neglect phenomena and related disorders.
(1)

55% of controls made at

least one omission on the

visual neglect test battery.Up to 43% made omissions on any
one test.
(2)

Increasing age and evidence of cognitive

appeared

to affect

performance

on the

impairment

battery.

Cut-off

points were chosen to distinguish between normal perform
ance and visual neglect.
(3) The battery detected visual neglect in 72% of right
and 62% of left hemisphere stroke patients at 3 days post
stroke.

At 3 months,

visual neglect persisted in 75% of

surviving right and 3 3% of left hemisphere patients p re
senting with visual neglect.

(4) The graded scoring system

suggested that visual neglect appeared to be greater after
right h e m i s p h e r e
significant

stroke than

reduction

a f ter

in n e g l e c t

left,

in m a n y

and

showed

t e sts

over

a
3

months.
(5) validity of the battery was assessed in 21 patients
(17 of whom had neglect on the battery)
for neg l e c t

on a c t i v i t i e s

of d a i l y

who were assessed

living

(ADL)

by an

occupational therapist. All but one of those with neglect
on the battery had neglect in ADL.
(6) Interobserver-reliability was assessed by simultaneous
scoring of 13 patients by two examiners and appeared to be
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high for nearly every test of the battery.
(7) No control had hemi-inattention, allesthesia or any of
the related disorders.
(8)

25% of con t r o l s made

a small

n u m b e r of e r r o r s

on

testing for sensory extinction and 6% did for visual ex
tinction. Many but not all of these controls made errors or
omissions on other cognitive or visual neglect tests.
off p oints w e r e

set to d i s t i n g u i s h b e t w e e n

abnormal performance in testing for extinction.
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normal

Cut
and

3A.2 CONTROLS
3A.2.1 The number

of controls

maki n g

omissions

on

each

neglect test
The number of controls making omissions was very small for
most tests (Table 3A.1). The exceptions were Star Cancella
tion and Coin Sorting.
sions on any test
two tests,

Twenty-one controls made no omis

, 12 made omissions

2 on three tests,

on one test,

10 on

1 on four tests and 1 on six

tests .
3A.2.2 The number and distribution of omissions on each
test
For most tests the number of omissions was very
(Tables
(range

3A.1,
0-15;

3A.2).
me a n

Performance

2.71

; s.d.

on

4.23

Star

small

Cancellation

) and Coin

(range 0-3,-mean 0.39; s.d. o.77) were exceptions

Sorting
.No con

trol made a Right Hand Start on Menu or Newspaper ;one made
a Right Hand Start on Line Cancellation and 3 did so on
Star Cancellation.No control showed Crowding on copying the
left figure.
3A.2.3 The

influence of age on the

number

of omissions ^
/

13 out of 30 controls over the age of seventy made omis
sions on two or more tests , compared with 2 out of 17 aged
seventy

or

less.

This

difference

was

significant

(Chi

Square= 4.853, p < 0.05).
In this

sample, age appeared to have an effect

n umber of om i s s i o n s made

on

Star

Cancellation

on the
(Figure

3A.1). Nine out of the 29 controls over the age of seventy
omitted 6 or more stars, compared with 1 out of the 17 aged
seventy or less.

This difference is significant at the

0.05 level (Chi Square = 3.985).
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Although not statistically significant,

a similar trend

was observed on Coin Sorting. Only 11 controls made omis
sions. Nine of them were aged over seventy and only 2 were
seventy years old or less.
3A.2.4 Relation of KOLT and MTS scores to number of omis
sions on each test
The KOLT
24.0 ; Q3

score (mean 31.26 ; s.d. 9.77 ; median 33.0 ; Q1
40.0 )was significantly negatively

with age (
The KOLT

r = -0.496

correlated

; p < 0.01 ).

scores were significantly negatively

correlated

with the number of omissions on Star Cancellation
0.469 ; p < 0.01).

Subsequent analysis showed

was a cluster of high "Star" scores

(i.e.

( r=-

that there

6 or more omis

sions) and declining KOLT scores (less than or equal to 27)
(Figure 3A.2).
Table 3A.2 shows that controls who made omissions on Meal,
Line Cancellation,
paper

Pointing,

or on all parts of the News

often had low KOLT scores

drick et al 1979)

(i.e.

less than 23; Ken

or borderline KOLT sores

(i.e.

24-25).

The KOLT score did not correlate with the number of omis
sions on Coin Sorting, although 4 out 6 controls omitting
two or more coins had KOLT scores of less than 2 3 , com
pared with 3 out of 35 omitting less than two coins.
Thirty-eight controls were assessed on the MTS.

Thirty-

five scored at least 9 out of 10. One scored 8, had a KOLT
score of 22 and made 4 omissions on Line Cancellation, 1 on
Headlines,

6 on Article, 2 on

Cancellation.

Coin Sorting, and 13 on Star

One scored 6 on the MTS,

had a KOLT score,

strangely, of 40 but made 13 omissions on Star Cancellation
with a Right Hand Start. The remaining control scored 5 on
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the MTS, made 7 omissions on Star Cancellation but refused
to do the KOLT .
3À.2.5 Relationship between neglect test results
The numbers of omissions made by controls on Coin Sorting
and Star Cancellation were significantly positively corre
lated with each other r = 0.413 ; p < 0.01 ).
Table 3A.2 shows that controls m a k i n g omissions on one
test often made omissions on other tests.Of the 3 controls
with a Right Hand Start on Stars, one omitted 13 stars, the
second had a Right Hand Start on Lines but made no omis
sions on any other test, and the third had a R i ght Hand
Start on Stars in isolation .
3A.2.6 Relation of neglect test omissions to neurological
findings
No control had any visual field defect
cranial nerve palsies
Two had minor
brisk reflexes,
daisy

signs

, gaze paresis or

(corneal sensation was not t e s t e d ) .
of pyramidal

tract damage,

such as

without weakness.One omitted part of the

(but in a non-lateralised manner) ,the other made 1

omission on Meal and 2 on Coins.
Proprioception scores were 10 out of 10 in all limbs in
thirty-five controls ,and 9 out of 10 in nine controls. One
control (with sciatica) scored 8 in one limb.
On testing for Visual Extinction, 44 controls scored 5 out
of 5 on DSS.Two scored 4 out of 5 ; one of these had a KOLT
score of 21 and omitted 8 stars

, the other had a KOLT

score of 14 and a sensory extinction
5 .The remaining control

scored

score of

3 out of

3 out of 5, had a KOLT

score of 14 and omitted 3 Coins and 15 Stars.
On tes t i n g

for Sensory

Extinction

to

light

touch,

35

controls scored 5 out of 5 on DSS;seven scored 4/5,’three
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scored 3/5 ; one scored 2/5 and one scored 0/5.Of the seven
scoring 4/5, two made no omissions on neglect tests but had
a KOLT score of 24 with high CDS scores of 5 and 8 ; the
other five either made large numbers of omissions on ne
glect tests
Pointing)

(8 Stars,

13 Stars,

2 Coins,

or had a low KO L T s c o r e

scoring 3/5

, one had a K O L T

of

50 degrees

16.

s c o r e of

Of th e

on

three

14 and a v i s u a l

extinction score of 4 ; the second had a KOLT score of 22 ,
omitted 13 stars,

2 coins,

and 1 word on Headlines

; the

third had a normal KOLT and made no omissions on the n e 
glect battery.

The only control to score 2/5 also had a

normal KOLT and made no omissions on neglect tests.
only control

to score

0/5 made no omissions

The

on neglect

tests but tired of testing and refused to do the KOLT, MTS,
and GDS.
No control showed hemi-inattention, allesthesia, anosognosia, anosodiaphoria , non-belonging, or gaze paresis .
3A.2.7 Relationship of omissions to Depression
Four controls were depressed

, with GDS scores of 5-8

.

One was aged 72, had a KOLT score of 14, a visual extinc
tion score of 3/5 and made

3 omissions

on Coins

omissions on Stars. The other three were younger,

and

15

aged 57,

62, and 64, had KOLT scores of 23, 23, 24 respectively.Two
of these made no omissions
other

made

on any neglect

test

and the

1 omission on Article.

3A.2.8 Parameters of normal visuo-spatial

functioning

in

the elderlv
The controls were regarded as normal,
the range of omissions observed
the normal range.

by definition and

(Table 3A.1) was taken as

Scores above this number of omissions on
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any one of the 8 tests should be considered abnormal.Thus 2
or more omissions on Meal; any omission on Menu; any left
or right omission on Copying the Left Figure;
om i s sions

on Lines;

16 or m o r e

on Stars;

5 or more

4 or m o r e

on

Coins; 2 or more on Headlines; 2 or more on Paragraph; 7 or
more on Article;

and 50 or more degrees on P o i n t i n g was

regarded as abnormal.

A Right Hand Start on rea d i n g the

Menu or the Newspaper,

and crowding the Left Figures was

also considered abnormal.
For visual and sensory extinction a score of 2 or less out
of five on any one

limb was taken

as possibly abnormal

performance depending on clinical context.
3A.3 STROKE PATIENTS
Definition of visual neglect
Visual

neglect was considered to be present in a stroke

patient if they made more omissions on any one test than
the

independent

age-matched

controls.

Certain

findings

observed occasionally in controls were regarded as evidence
of visual neglect in a stroke patient if there was support
ing clinical evidence.
sor plantar response,

In the same way,

an isolated exten

or other primitive reflex is consid

ered of little significance in the elderly unless there are
other clinical grounds suggesting that these are pathologi
cal

(Broe et al 1976; Jenkyn et al 1985).T h u s ,any stroke

patient making 3 unilateral omissions on Coins was consid
ered to have visual neglect on that test if visual neglect
was present on another test.

Similarly,

visual neglect was

considered present in Stars when a stroke patient omitted
between 6 and 15 stars if there were at least twice as many
omissions on one side of the page as the other
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(Fullerton

et al 1986)

and if visual neglect was present in another

test. Also,

a Right Hand Start on Line and Star Cancella

t i o n was

taken

as a sign of v i s u a l

neglect

if v i s u a l

neglect was present on these or other tests. These various
combinations of features were not observed in the controls.
Finally,

there

is a likely error of

observers on Pointing to Objects,

10 degrees

between

so that omission of 40

degrees was considered as a sign of visual neglect .
3A.3.1 Stroke patients at 3 davs post-stroke
At 3 days post-stroke,2 patients with a right hemisphere
stroke

could

not

be

assessed

on

any

coma.All remaining 16 patients could
ing,

Meal,

M e n u ,N e w s p a p e r

test

because

of

be tested on Point

and L i n e s

(Table

3A.3).

One

patient refused to do Stars and Coins because they were
tired. Another patient was unable to recognize the coins.
Five patients with a left hemisphere stroke could not be
assessed at 3 days because of coma or severe aphasia.Most
of the remaining 21 could be assessed on Pointing,

Meal,

Menu and Lines.Aphasia made it impossible for some patients
to attempt Stars, Coins and Figure copying (Table 3A.3).
a).Number of patients showing visual neglect
At

3 days

13/18

(72%)

patients w i t h

a right hemisphere

stroke showed visual neglect on at least one test. Visual
neglect was present in 16/26

(62%)

patients with a Left

hemisphere stroke.
b ) .The tests most likelv to detect visual neglect
The tests most likely to detect visual neglect in a p a 
tient with a right hemisphere stroke were Newspaper, Stars,
Pointing,

Meal

and Lines

(Table

3A.3).

patients demonstrated a Right Hand Start.
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Eleven

of these

For patients with a left hemisphere stroke the most likely
tests to detect visual neglect were Meal, Menu,
Pointing

Lines and

(Table 3A.3). Five of these patients showedCrowd-

i n q . It should be noted that altho u g h

only

10 patients

could attempt Stars, 8 of these exhibited visual neglect on
that test.
3A.3.2

Stroke patients

at

3 mon t h s

o o st-stroke

(Table

3A.4)
The r e sults

of the visual

neglect

post-stroke were examined in detail,

b a t t e r y at

3 months

because at this stage

most neurological deficits due to stroke would be expected
to have made the majority of their recovery.

If visual

neglect is amenable to therapy,it might be important to be
able to detect it in those who are slow to rehabilitate,
and a k n o w l e d g e

of the tests m o s t

sensitive

to v i s u a l

neglect at this stage would be useful.
Twelve of the 13 patients with visual neglect due to a
r ight h e m i s p h e r e

stroke

survived until

follow-up

at

3

months. One patient was depressed at this stage and refused
to co-operate with any test.

The 11 others were able to

attempt nearly every test. Both patients who had -originally
been unable to do any test died.
Fourteen of the 16 patients with neglect due to a left
hemisphere stroke survived until follow-up at 3 months.One
of the five who had originally been unable to do any test
survived.

The 15 survivors were able to co-operate with

nearly every test although language difficulty still pre
vented some patients understanding the Coins and Stars test
requirements.
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a).Number of patients showing visual neglect at 3months
Visual neglect was present
hemisphere stroke

(75%)

in 9 patients w i t h

a right

and 5 Left hemisphere stroke p a 

tients (33%).
b ) .Tests most likelv to detect visual neglect at 3 months
In those with a right hemisphere stroke the tests most
likely to detect visual neglect were Stars, Meal, Coins and
Newspaper.
patients.

A Right Hand Start was p r esent in 9 of these
In patients with a Left hemisphere stroke the

tests most likely to detect visual neglect appeared to be
Stars, Coins and Menu. No patient showed Crowding.
3A.3.4 Validitv of the test batterv
In order to ascertain the face validity of the test bat
tery an Occupational therapist carried out an assessment on
21 of the p a t i e n t s ,

using

th e

following

checklist

of

"neglect behaviours".

The occupational therapist was blind

to the results of the test battery.
(1)

Did the patient

fail

to orientate

to

environmental

stimuli on the side opposite the cerebral lesion?
(2) Did the patient fail to dress,wash or groom the side of
the body opposite the cerebral lesion?
(3) Did the patient knock into doorways or obstacles on the
side opposite the cerebral lesion, when walking or using a
wheelchair? If using the latter were they unable to turn
towards the side opposite the lesion?

If mobile,

p at i e n t veer

side

diagonally towards

the

did the

opposite

the

lesion?
(4) Did the patient show "motor neglect"
i.e.

(Section 1.2.3)

could their failure or r e l u ctance to use the

limbs

contralateral to the lesion be attributed to neglect rather
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than weakness or apraxia?
(5)

Did the patient show lack of awareness of their limbs

with poor positioning?
Four patients

(Heilman et al 1985).

(2 right hemisphere,

2 left hemisphere)

had

no visual neglect on the battery and no neglect behaviours
on the checklist compiled by the OT. The remaining 17,

(12

right hemisphere, 5 left hemisphere), had visual neglect on
the test battery.

Six of these could not be assessed for

motor neglect or neglect on walking due to the severity of
their hemiparesis, but all 6 demonstrated neglect on every
other item on the checklist, except for one patient who did
not neglect on washing and dressing.

Of the 11 other pa

tients with neglect on the battery,

7 had neglect on at

least

3 checklist

items,

and 2 ha d n e g l e c t

on

2 items

(which in each case included orientation or washing/dress
ing) . One patient had neglect on only one item

(orienta

tion) .
There was one patient who had marked left visual neglect
on the battery, a left homonymous hemianopia and no hemipa
resis,

but no neglect on the checklist.

peared to be a true exception,

This patient ap

because even the two p a 

tients with visual neglect on just a single test of the
battery neglected on 3 checklist items.
3A.3.5 Reliabilitv of the test batterv
Inter-observer reliability was established by the simulta
neous scoring of 12 patients

(8 right hemisphere,

4 left

hemisphere) with visual neglect by two examiners trained in
the administration of the battery.
Each patient was assessed on nearly every test,
only

11

were

able

to

do
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Pointing,

Meal,

although
Menu

and

Stars.There was agreement as to the presence or absence of
visual neglect in every test except in the case of one 85
year old patient who omitted 4 coins.One examiner attribut
ed this to lack of familiarity with the newer coins,rather
than to visual neglect.

The

2 observers

agreed on the

graded score on each test except in one patient who mumbled
inaudibly when
re c o r d e d
Article

reading

8 om i s s i o n s

the N e w s p aper.One

on H e a d l i n e s

observer

(grade 4)

an d

(grade 2) , the other recorded 9 (Grade 5)

thus
24

on

and 13

omissions(grade 1) respectively.
3A.3.6 Sensitivitv to change in visual neglect
Table 3A . 5 shows the median test scores of those patients
presenting with visual neglect at 3 days post-stroke who
survived and were able to be examined at 3 months.

There

were 11 with a right hemisphere stroke and 14 with a left
hemisphere stroke.

At 3 days visual neglect appears to

have been more severe in patients with a right hemisphere
stroke than in patients with a left hemisphere stroke,
the

difference

only

reaches

(p=0.0426; Mann-Whitney tests)
a

de c l i n e

in the severit y

significance

(Wilcoxon tests)

Lines

At 3 months there had been
of v i s u a l

hemisphere patients on all tests.
the 0.02

for

but

neglect

in r i g h t

This was significant at

level for Lines, Stars and Point

ing; and at the 0.05 level for Paragraph.

There was also a

decline in the severity of visual neglect in those with a
left hemisphere stroke which was significant at the 0.01
level for Lines and at the 0.05 level for Pointing,
Menu, and Stars .
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Meal,

TABLE 3A.1

Neglect test
(max.no.
omissions)

No.controls No.making Range of
tested
omissions omissions

Cut-off
point

Meal (8)

47

2

0-1

2

Menu (24)

47

0

0

1

Lines(36)

47

2

0—4

5

Stars(54)

46

20

0-15

16

Coins(18)

46

11

0-3

4

Pointing(180)

47

1

0-50deg

L.Figure (6)

47

0

0

0

Newspaper
a)Headlines
(10)
b)Paragraph(5)
c).Article
(117)

40deg

47

1

0-1

2

47

2

0-1

2

43

4

0— 6

7

The number of controls making omissions on each
neglect test, the range of omissions made by controls,
and cut-off points used for
abnormal visuo-spatial function.
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TABLE 3A.2

No.
omissions

Test

No.controls Age KOLT Other
score neglect
making
scores
omissions
2

1

MEAL

80

25

Point 50
Stars 3
Coins 1

76

33

Coins

2
2

1

1

65

33

Stars

4

1

78

22

Stars 13
Coins 2

POINTING

1

50

80

25

Meal
Stars
Coins

HEADLINES

1

1

78

22

Stars 13
Coins 2

LINES

PARAGRAPH

ARTICLE

2

1

1
3
1

Coins

2

82

11

Coins

1

74

16

Stars

6

82

11

3

1

1

57

24

2

1

82

25

Stars

3

1

77

24

Stars 10

6

1

78

22

Stars 13
Coins 2

Age,KOLT score and numbers of omissions
made by controls on neglect tests.
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TABLE 3A . 3

TEST

Right hemisphere
stroke
(n = 18)

Left hemisphere
stroke
(n = 26)

No.patients No.with
attempting
test
neglect

No.patients N o .with
attempting
test
neglect

Point

16

11

20

9

Meal

16

10

20

9

Menu

16

8

20

10

News
paper

16

13

—

——

Lines

16

10

20

11

Stars

15

11

14

8

Coins

14

7

15

7

——

——

16

1

L.Fig

Number of stroke patients able to attempt each test
and number of patients showing visual neglect on each test
at 3 days post-stroke.
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TABLE 3A . 4

right hemisphere
stroke (n=12)

left hemisphere
stroke
(n=15)

No.patients No.with
attempting
neglect
test

TEST

No.patients No.with
attempting neglect
test

Pointing

11

3

15

2

Meal

11

6

15

2

Menu

11

3

15

3

Newspaper

11

5

— —

Lines

11

4

• 15

0

Stars

11

7

12

3

Coins

11

5

12

3

L. fig

—

15

0

—

—

—

—

Number of stroke patients with visual neglect able to
attempt each test at 3 months post-stroke
and the number with visual neglect on each test.
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TABLE 3A.5

right hemisphere
stroke

left hemisphere
stroke
MF.nTAN SCORE

MEDIAN SCORE
TEST

3 DAYS

3 MTHS

3DAYS

3 MTHS

POINTING

3.0

0.0

1.0

0.0

MEAL

3.0

1.0

0.0

0.0

MENU

3.0

0.0

2.0

0.0

LINES

4.0

0.0

2.0

0.0

STARS

3.0

2.0

3.0

0.0

COINS

3.0

2.0

2.0

0.0

HEADLINES

1.0

0.0

—

—

PARAGRAPH

4.0

0.0

—

—

ARTICLE

2.0

0.0

—

——

—

0.0

L.FIG

—

0.0

Severity of visual neglect at 3 days and at 3 months poststroke in 11 patients with a right hemisphere stroke
and in 14 patients with a left hemisphere stroke
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3B.THE INCIDENCE OF NEGLECT PHENOMENA AND RELATED DISORDERS
IN PATIENTS WITH AN ACUTE STROKE
3B.1 SUMMARY
171 consecutive patients with an acute hemispheric stroke
(69 right hemisphere,

102

l e f t ) , were

assessed

for the

presence of neglect phenomena and related disorders at 2-3
days post-stroke.
(1) Visual neglect was found in 82% of a s s e ssable right
hemisphere patients and in 65% of left hemisphere patients.
(2) Hemi-inattention was found in 70% of right and 49% of
left hemisphere strokes.
(3) Sensory extinction was found in 65% of right and 35% of
left hemisphere patients;

Visual extinction in 23% right

and 2% left.
(4) Allesthesia was present in 57% of right,

and 11% left

hemisphere strokes.
(5) Anosognosia was found in 28% of right,

and in 3% of

left hemisphere strokes; anosodiaphoria in 27% (right), and
2% (left); non-belonging in 36% (right) and 29% (left).
(6) Gaze paresis was present in 29% of right and in 25% of
left hemisphere lesions.
(7) Visual field defects were found in 36% of right and in
46% of left hemisphere strokes.
(8) Visual neglect occurred more frequently in left hemi
sphere stroke than previously reported.

Although neglect

phenomena and related disorders were associated with right
hemisphere damage,

it is possible that language difficul

ties obscured their presence in some patients with a left
hemisphere stroke.
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3B.2 Incidence and hemispheric association
Table 3B.1 shows the proportion of patients,
171 patients

(see Figure

study design),

2.1 on page

out of all

31 for s u mmary of

that could not be assessed 2-3 days after a

right or left hemisphere stroke due to severe dysphasia or
impaired consciousness.

Patients with a left hemisphere

stroke appeared more difficult to assess for visual n e 
glect, sensory extinction, allesthesia, anosognosia, anoso
diaphoria and non-belonging, probably due to dysphasia.
Tables 3B.2 and 3B.3 show the incidence of the various
neglect phenomena and related disorders

2-3 days after a

right or left hemisphere stroke in assessable patients.
Visual neglect was found in over 80% of right and in 65% of
the left hemisphere strokes. Hemi-inattention was present
in about two thirds of right and in half the left h e m i 
sphere
thirds

strokes.
of

Sensory

right

and

in

extinction was
a third

of

present
left

in two-

hemisphere

strokes.Allesthesia was present in over half the right but
in relatively few left hemisphere strokes. Anosognosia was
found in a quarter of right but in very few left hemisphere
stroke patients.
Neglect phenomena appeared to be more frequently associat
ed with right hemisphere damage,
anosodiaphoria.
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as were anosognosia and

TABLE 3B.1

N u m b e r of p a t i e n t s wi t h r i g h t
stroke unable to be assessed

and

left h e m i s p h e r e

for neglect pheno m e n a

related disorders

right
hemisphere
stroke
(n=69)
NEGLECT
PHENOMENA OR
RELATED
DISORDERS

left
hemisphere
stroke
(n=102)

Difference in
number (%)
number (%)
unassessable unassessable proportions
patients
patients
unassessable
patients
(95% C.I.)

Visual neglect
Hemi-inattentn
Sensory extctn
Allesthesia*
Visual extctn

8
6
17
10
9

11)
9)
25)
15)
13)

28
15
59
56
21

(27)
(15)
(58)
(55)
(21)

16%
6%
33%
40%
8%

(4%, 27%)
(-4%,16%)
(20%,47%)
(27%,53%)
(-4%, 9%)

Anosognosia
Anosodiaphoria
Non-belonging
Gaze paresis
Vis Field Dfct

9
9
14
0

13)
13)
20)
0)
11)

46
49
54
3
9

(45)
(48)
(53)
( 3)
(

32%
35%
33%
3%
2%

(20%,45%)
(22%,48%)
(19%,46%)
(-3%, 6%)
(-7%,19%)

a

9)

* Assessment of allaesthesia omitted in 3 patients
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and

TABLE 3B.2

NEGLECT
PHENOMENA
Visual
Neglect

RIGHT
HEMISPHERE
STROKE

LEFT
DIFFERENCE IN
HEMISPHERE PROPORTIONS
STROKE
V LEFT (95% C.I.)

present
assessed

50 (82%)
61

48 (65%)
74

17%

( 3%,33%)

Hemipresent
inattentn assessed

44 (70%)
63

43 (49%)
87

21%

( 5%,36%)

Sensory
extctn

present
assessed

34 (65%)
52

15 (35%)
43

30%

(12%,49%)

Allsthsia present
assessed

32 (57%)
56

5 (11%)
46

46%

(31%,62%)

2 (2%)
81

21%

(10%,32%)

Visual
extctn

present 14 (23%)
assessed 60

THE INCIDENCE OF NEGLECT PHENOMENA IN ACUTE STROKE
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TABLE 3B.3

RELATED
DISORDER

RIGHT
HEMISPHERE
STROKE

LEFT
DIFFERENCE IN
HEMISPHERE PROPORTIONS RIGHT
STROKE
V LEFT (95% C.I.)

Anoso
gnosia

present 17 (28%)
assessed 60

3 ( 5%)
56

Anoso-dia
phoria

present 16 (27%)
assessed 60

53

1

( 2%)

23% ( 9%,36%)
25% (13,37%)

Non-belong present 20 (36%)
ing
assessed 55

14 (29%)
48

7% (-10%,25%)

Gaze
paresis

present 20 (29%)
assessed 69

25 (25%)
99

4% (-10%,17%)

Visual
field

present
absent

43
93

10% (-6%,26%)

22 (36%)
61

(46%)

THE INCIDENCE OF ANOSOGNOSIA AND RELATED DISORDERS
IN ACUTE STROKE
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3C. RECOVERY OF NEGLECT PHENOMENA AND RELATED DISORDERS
AFTER ACUTE STROKE
3C.1 SUMMARY
Thirty four survivors of a right hemisphere stroke and 34
survivors of a left hemisphere stroke, all of whom present
ed with visual neglect were

followed up for at

least

months. Most patients were followed up for six months.
cumulative rates

3

The

for resolution of neglect phenomena and

r e l a t e d d i s o r d e r s were c a l c u l a t e d

(see F i g u r e

2.1

for

summary of study design).
(1) For most neglect phenomena and related disorders there
was an early phase of rapid recovery in the first 10 days
to 3 weeks, which plateaued at 3 months.
(2) Visual neglect resolved in about 70% of left and in
about 25% of right hemisphere strokes at 3 months.
(3) Hemi-inattention resolved in 90% of left and in 40% of
right hemisphere strokes at 3 months.
(4) In patients with a right hemisphere stroke,

the recov

ery of sensory extinction and allesthesia followed a simi
lar pattern to that of hemi-inattention.
(5)

Visual

extinction disappeared

in

6 weeks

in 90% of

right hemisphere strokes.
(6)

Cumulative recovery rates for sensory and visual ex

tinction, allesthesia, anosognosia and anosognosic phenome
na in left hemisphere stroke could not be given as they
were present in so few patients.
(7) Anosognosia resolved in 60% of right hemisphere strokes
in 3 weeks and had resolved in nearly all patients at 6
months. Anosodiaphoria and non-belonging followed a similar
course.
(8) Visual field defects resolved in nearly 80% of left but
96

in only 40% of right hemisphere strokes at 3 months.
(9)

Gaze paresis resolved in all surviving patients within

6 weeks.
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3C.2 RECOVERY OF NEGLECT PHENOMENA
Incidence of neglect phenomena at 3 davs in patients with
visual neglect
At 2-3 days post-stroke 32 of the 34 patients with visual
neglect due to a right hemisphere stroke
inattention,

22

(66%) had sensory extinction,

visual extinction and 22
p a t i e n t s w i t h v isual
stroke,

20

(94%)

(60%)

(66%) had allesthesia.

n e g l e c t du e

visual extinction,

(30%) had
Of the 34

to a left h e m i s p h e r e

had hemi-inattention.

sensory extinction,

10

had hemi-

Only 6 (18%)

had

1 (3%) had allesthesia and 1 (3%) had
but many patients could not be assessed

for these because of aphasia.
3C.2.1 Visual neglect and hemi-inattention.

(Figure 3C.1).

Recovery of visual neglect and hemi-inattention was ob
served more frequently and more rapidly in those wi t h a
left hemisphere

stroke.

At

6 weeks,

visual

n e glect had

resolved in nearly 60% of left hemisphere patients but in
only 20% of right hemisphere patients. At 3 months,
n e g l e c t had r e s o l v e d

in n e a r l y

three-quarters

visual

of

left

hemisphere patients with neglect but in only just over a
quarter of right hemisphere patients with neglect.
Visual neglect resolved more slowly than hemi-inattention,
probably because the tests used to detect visual neglect
were more detailed and,

therefore,

sensitive than those

used to detect hemi-inattention.
3C.2.2 Sensorv extinction,

allesthesia and visual extinc

tion (Figure 3C.2)
For right hemisphere patients the resolution of sensory
extinction and allesthesia was similar to that of hemiinattention. Recovery of visual extinction was observed more
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frequently and rapidly in most patients.
It should be noted that 2 patients who

originally had

sensory extinction were not re-examined after 10 days and
that 1 patient with allesthesia was not examined after 3
weeks because their visual neglect had resolved .
The r e s o l u t i o n

of these p h e n o m e n a

in Left h e m i s p h e r e

patients is not shown in the figure because the numbers of
patients presenting with these were so small. Of the 6 with
sensory extinction, 2 were not followed up for more than 10
days because their visual neglect

had resolved.

Of the

other 4, 1 recovered from sensory extinction at 6 weeks and
2 recovered at 3 months. The one patient with allesthesia
was not followed for more than 6 weeks because their visual
neglect had resolved.

The one patient who presented with

visual extinction resolved at 6 weeks.
3C.3 RECOVERY OF RELATED DISORDERS
Incidence of related disorders at 3 davs in patients with
visual neglect
At 2-3 days post-stroke 13

(39%)

of the 34 right h e m i 

sphere patients with visual neglect had anosognosia,
(33%)

had anosodiaphoria and 10

Twelve
sis.

(30%)

11

had non-belonging.

(35%) had a hemianopia and 8 (24%) had a gaze pare

Of the

field defect,

34

left hemisphere patients

6 (18%) had a gaze paresis,

18

(54%)

had a

and 6 (18%) had

non-belonging. None had anosognosia or anosodiaphoria.
3C.3.1 Recovery of Anosognosia.

anosodiaphoria and non-

belonaina (Figure 3C.3).
In most right hemisphere patients anosognosia and anoso
diaphoria

recovered within

3 weeks.

Non

-belonging was

slightly slower to resolve. All 3 resolved much more quick99

ly than visual neglect. It should be noted that one patient
wi t h n o n - b e l o n g i n g was

not

followed

after

10 days

and

another was only followed for 6 weeks because visual ne
glect had resolved.
3C.3.2 Recoverv of Gaze Paresis and Visual Field Defect
(Figure 3C.4).
In both right hemisphere and

left hemisphere patients

recovery of gaze paresis was rapid and complete although it
should be noted that all the patients with visual neglect
who died as a result of their stroke, presented with a gaze
paresis.
Recovery of a hemianopia was observed more frequently and
rapidly in left hemisphere patients than in right h e m i 
sphere patients.

For left hemisphere patients the recovery

rate was very similar to that

for hemi-inattention.

It

should be noted that one left h e m isphere patient with a
hemianopia was not followed after 3 months because their
visual neglect had resolved. Five of the 6 right hemisphere
pa t i e n t s

in w h o m

a hemianopia

resolved were

left with

visual extinction which persisted for 6 months
tients and which resolved at 3 weeks in 1 patient.
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(broken lines) hemisphere stroke.
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3D. DEVELOPMENT OF AN OVERALL MEASURE OF VISUAL NEGLECT
THE VISUAL NEGLECT RECOVERY INDEX.
3D.1 SUMMARY
The 68 surviving patients that presented with visual n e 
glect were followed for 3 months.

Each patient's graded

score on each test of the visual neglect battery was r e 
corded at 3 days and at three months.
(1) The percentage recovery represented by each of the 0-5
grades in the individual tests of the battery was calculat
ed so that p e r f o r m a n c e

on the

entire

battery

expressed as a single percentage figure,

c o u l d be

the VNRI.

This

figure represented the percentage of complete recovery from
the maximum visual neglect measurable.
(2) The VNRI showed that recovery was most rapid over the
first 10 days and plateaued at 3 months,

reaching 75% in

most patients.
(3) The VNRI showed that visual neglect was more severe in
right hemisphere stroke than in left at all time intervals
up to 3 months, but not at 6 months.
(4) Least significant difference analyses and ANOVA sug
gested that the VNRI correlated with the individual test
scores.
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3D.2 THE VISUAL NEGLECT RECOVERY INDEX fVNRI^
3D.2.1 Percentage recoverv r e presented bv each grade on
each test
The percentage recovery represented by each grade on each
of the six tests is given in Table 3D.1. This table implies
that it is as difficult to recover from grade 2 as grade 3
neglect on Line cancellation, for example,

and that

it is

more difficult to recover from grade 3 neglect on Heal than
from grade 3 on Lines.
The ta b l e was u s e d to s u m m a t e

and a v e r a g e

a patients

percentage recovery score on each test to give an overall
measure of visual neglect,

the VNRI.For example,a patient

with grade 2 neglect on Meal

(55%recovery),grade 3 on Menu

(46% r e c o v e r y ) ,and grade 0 (100% recovery)

on the other

tests at 6 weeks post-stroke, has an average recovery score
(VNRI) of 83.5% .
If a patient was able to attempt only 3 or 4 tests because
of aphasia or tiredness,the VNRI was calculated from the
results of those tests as measurements were now in equiva
lent non-arbitrary units of "percentage recovery".

3D.2.2 Change in VNRI over time
Figure 3D.1 shows a plot of the mean

VNRI at different

time intervals up to 6 months for all 68 surviving patients
presenting with visual neglect at 3 days, and for right and
left hemisphere patients taken separately.Table D.2 shows
the mean and standard deviations.
Visual neglect recovers most q u ickly over the first 10
days and plateaus at 3 m o n t h s .R e c o v e r y
greater

is significantly

in those with a left h e m i s p h e r e
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stroke than

in

those with a right hemisphere stroke at 3 days

(t=3.23;

p<0.025),

3

10

days

(t = 2 . 8 9 ;

(t=2.96;p<0.025;n=66), 6 weeks
months

p < 0 . 0 5 ;n = 6 4) ,

weeks

(t=3.7;p<0.005;n=66)

(t = 3 . 5 5 ; p < 0 . 005 ;n = 68 ) , b u t

not

at

and 3

6 months

(t=1.94;p=0.4;n=62).
The recovery between 3 days and 10 days is significant for
right hemisphere
sphere strokes
days

and

3

(t=5.77 ;df=32 ;p<0.002)

and for left hemi

(t=5.43;df=30;p<0.002). Recovery between 10

months

is

significant

for

both

groups

(RH:t=3.33;df=3 2 ; p<0.01;

L H ; t = 3 .7 2 ; d f = 3 0 ; p < 0 .002) .

The

change from 3 to 6 months

is significant for right h e m i 

sphere

(t=2.57;df=27;p=0.04)

but not for left hemisphere

stroke

(t=0.93;df=33;N.S.), who had mostly recovered any

way.
Many patients have little or no residual visual neglect at
3 months.This is true even of the 15 patients presenting
with an VNRI of 0-20%,

7 of whom attained a 3 month score

of at least 75% (Figure 3D.2). In the whole population only
7 patients

had

a 3 month

VNRI

of

below

60%;

all

th e

rest,except for one, achieved a VNRI of at least 75%.
30.2.3 Correlation of VNRI with individual test scores.
Change over time in the individual test scores,

taken for

all 68 patients,

follows a similar pattern to that for the

VNRI as a whole

(Figure 30.3). Performance on Star cancel

lation appeared to deteriorate between 3 and 6 months. This
may be due to the fact that there was a significant sub
group in the earlier stages of testing who were too aphasie
or d rowsy to be t ested on Stars,

but w ho had

a lot of

neglect on this test later once their level of conscious
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ness or aphasia had improved. To a lesser extent this also
applies to the Menu. At all stages post-stroke, there was a
general trend showing that as recov e r y in each test in
creases so does recovery over the whole battery as reflect
ed in the VNRI.

One mi g h t e x p e c t

this,

given that

the

individual tests each contribute to the VNRI. An example of
this,

for

"coins"

is given

in F i g u r e

3D.4,

which

illustrates the wide variation between individuals.

also

Calcu

lation of correlation coefficients is not valid because the
individual test scores fall into categorical groups. Analy
sis of variance is difficult because some groups are very
small. However, where it was possible ANOVA showed that at
3 days there was a significant difference between the VNRI
means for each level of visual neglect on Meal

(F=59.27 at

3,46 df) and on Pointing (F=27.13, at 3,45 d f ).
Least Significant Difference analysis on Meal and Pointing
(Tables 3D.3 and 3D.4) shows that the four levels of visual
neglect on meal at 3 days had significantly different mean
VNRI values from each other.Thus neglect on Meal parallels
neglect over the whole battery.Similar analysis showed that
the first 3 levels of visual neglect on Pointing at 3 days
had significantly different mean VNRI values but that there
was no significant difference in the mean VNRI when the
neglect on Pointing was 89 or 100%.
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Table 3D.1

Percentage of total neglect recovery
on neglect tests
MENU

MEAL

LINES

STARS

COINS

POIN'

grade

5

0

0

0

0

0

0

visual

4

25

0

27

19

0

0

neglect

3

46

16

73

30

32

29

2

67

55

73

57

32

89

1

80

—

80

75

86

100

100

100

100

100

0 100

*

100

* = no grade 1 visual neglect on meal

Value of each grade on each test as a percentage of
total visual neglect recovery on that test
over three
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months.

Table 3D.2
ALL
time

Mean

RH

LH

S.D.

Mean

S.D.

Mean

S.D.

3 days

56.81

33.00

44.71

34.39

68.91

26.97

10 days

76.94

30.21

66.94

35.41

87.58

18.74

3 weeks

78.64

33.31

69.90

35.92

89.29

12.29

6 weeks

83.67

24.24

73.36

29.54

93.76

10.54

3 months

88.16

21.71

79.53

27.52

96.79

6.77

6 months

90.97

18.58

86.04

22.04

95.03

14.25

The mean and standard deviation of the VNRI at different
time

intervals post-stroke for all patients (n=68)and
right (n=34) and left hemisphere (n=34) patients.
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for

Table 3D.3

MEAN VNRI

No.patients

(S.D.)

"Meal” test score
at 3 days

0

10.875

8

(15.542)

16

30.25

8

(15.755)

54

56.444

9

(18.167)

100

87.280

25

(15.274)

(% recovery

Mean VNRI for different levels of visual neglect on Meal
at 3 days

post-stroke.

Table 3D.4

MEAN VNRI
Test score on
"Pointing"
at 3 days
0

18.75

(% recovery)

29

No.Patients

(S.D.)

8

(26.408)

50.462

13

(18.315)

89

75.000

7

(11.860)

100

83.619

21

(16.636)

Mean VNRI for different levels of visual neglect on
Pointing at 3 days post-stroke.
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3E. PREDICTION OF THE SEVERITY OF VISUAL NEGLECT
AT 3 AND AT 6 MONTHS POST-STROKE
3E.1 SUMMARY
The 68 surviving patients that had presented with visual
neglect at 2-3 days,
were

followed

and in whom the VNRI was developed,

for up to 6 months.

(1) Stepwise regression analysis showed that the severity
of visual neglect (measured by the VNRI) at 3 months and at
6 months post-stroke could be predicted by the severity of
visual neglect

(VNRI)

and the presence of anosognosia at

2-3 days.
(2) These two variables explained 53% of the variance at 3
months and 46% of the variance at 6 months.
(3)

Residual

analysis

showed t h a t

t h ere w e r e

no

o ther

predictors of outcome.
(4) Actual and predicted outcome matched well at the upper
end of the range, but less so at the lower end.
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3E.2 Significant predictor variables
At both time points two variables were found to make an
individual

independent

co n tribution

to

the

severity

of

visual neglect at 3 and at 6 months post-stroke. These were
the severity of visual neglect and the presence of anosog
nosia

at

2-3

days

p o s t - s t r o k e .N o

other

neglect

phenomenon,related disorder or neurological d e f i c i t was
found to be a significant predictor of outcome.
The

following

regression

equations were d e rived which

relate the severity of visual neglect at both time points
to the significant predictor variables :VNRI (3 mths) = 67 + 0.4 (VNRI 3 days) - 15 x Anosognosia
VNRI (6 mths) = 74.5 + 0.3 (VNRI 3 days)

-12 x Anosognosia

The equation for prediction at 3 months was based on 55
cases while that for 6 months was based on 49 cases.The
independent

variables explained 53% of the variance

at

3

months and 46% at 6 months.The similarity of the equations
demonstrated the consistency of the independent variables
in predicting outcome

.Residual analysis confirmed that

there were no other significant predictors of outcome.
3.E.3 Accuracv of prediction
Figure 3E.1 shows how the actual and predicted VNI scores
at 3 months compare. Predicted and actual scores match well
at the upper end of the VNI. At the lower end of the range,
matching is poor, with frequent over-estimation of recov
ery.

This was true at 6 m o n t h s

as w e l l

(Figure

3E.2).

Residuals were plotted against the p r edicted values and
also against all the variables,

including those that were

not in the model. Residual analysis showed a good scatter
113

of results and confirmed that there were no other signifi
cant predictors of outcome.
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Figure 3E.2 Comparison of actual and predicted VNRI scores
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3F. PREDICTION OF INDEPENDENCE IN SELF CARE AT 3 AND AT 6
MONTHS IN STROKE SURVIVORS
3F.1 SUMMARY
Eighty nine survivors of acute stroke, 65 of whom present
ed with visual neglect, were followed for up to 6 months.
Their level of independence at 3 and at 6 months was re
corded (see Figure 2.1 for summary of study design).
(1)

Linear

logistic regression

showed

that

the

initial

degree of paralysis

(measured by the Motricity Index), the

severity of neglect

(measured by the Visual Neglect Recov

ery Index)

and the p a t i e n t ' s

age w e r e

the

significant

predictors of independence (Barthel score 20), mild depend
ence

(Barthel

15-19),

an d m o d e r a t e / s e v e r e

dependence

(Barthel 0-14) at both time intervals.
(2) Regression equations were derived that correctly pr e 
dicted 78% of outcomes, and had a sensitivity and specific
ity

for

"indepe n d e n c e "

of

sensitivity and specificity

84%
for

and

90%

respectively,

a

"moderate/severe depend

ence" of 89% and 80% and a sensitivity and specificity for
"mild dependence" of 47% and 42%.
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3F.2 Significant predictor variables.
Of the 3 month survivors 50 were

independent,

19 mildly

dependent,10 moderately dependent and 10 severely depend
ent. At 6 months 54 were independent,
and 7 severely dependent.

16 mildly,7 modérâtly

The severe and moderate groups

were amalgamated as their numbers were too low for success
ful linear logistic regression.
Anova

and

Chi-squared

tests

points Level of consciousness.

showed

that at both time

Gaze paresis. Visual Field

Defect, Hemi - inattention. Visual Neglect Recovery Index
and

the Motricity

tor

variables

Index

were

in survivors

noted that extinction,

the

(Table

significant
3F.1).

predic

It should be

allesthesia and proprioception are

not included in the table because the number of patients
that could be assessed for these was too small and reduced
the number of patients with complete sets of data on which
meaningful
out.

logistic regression analysis could be carried

Linear logistic regression found that at both time

points,

3 variables made an independent contribution to

outcome

in sur v i v o r s :- Vi s u a l

Neglect

Recovery

Index,

Motricity Index and age (Table 3F.2).
3F.3 Accuracv of Prediction
When each patients was assigned to the outcome group with
the highest probability,

the p r e d i c t i v e accuracy of the

statistical model at 3 months was 78%.

90% of independent

and 80% of moderate/severe outcomes were correctly predict
ed. At 6 months the model had an overall predictive accura
cy

of

75%,

with

91%

of

independent

and

71%

moderate/severe outcomes being correctly predicted

of

(Table

3F.3). Prediction of mild dependence was considerably less
117

accurate, many being predicted to be independent
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Table 3F.1

VARIABLE

AT 3 MONTHS

AT 6 MONTHS

CHI (df) significance CHI (df) significance
Conscious 33.8 (2)
level

<0.0001

33.9 (2)

<0.0001

18.2 (2)

<0.0001

19.4 (2)

<0.0001

Hemi22.3 (2)
Inattentn

<0.0001

20.4

<0.0001

Vis.Field 7.7 (2)
defect

<0.025

Gaze
Paresis

F-ratio
(df)

(2)

6.7 (2)

<0.05

significance F-ratio significance
(df)

Age

2.15
(2,87)

>0.10

1.40
(2,82)

>0.20

VNRI

39.70
(2,87)

<0.0001

30.72
(2,82)

<0.0001

Motricity 43.28
Index
(2,87)

<0.0001

41.18
(2,82)

<0.0001

Clinical variables at 2-3 days significantly associ
ated with level independence at 3 months and at 6 months.
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Table 3F.2

1
Variable

3 months
regression
coefficient
(b)

signif
icance
level

6 months
signifregression
coefficient -icance
level
(b)

Power
(MI)

0.0416

<0.0001

0.0375

<0.0001

Neglect
(VNRI)

0.0441

< 0.0001

0.0381

<0.0001

-0.0967

0.0027

-0.0741

0.0194

Age
Intercept: al
Intercept: a2

1.5C)67
3.9E>86

l.OS)17
3.35>72

The probability,p (1),of a patient being independent at 3 or
6 months is given by the equation
-(al + {bl

X

MI} + {b2 x VNRI} + {b3 x age}

p(l)= 1/1+e
The probability, p(2), of a patient being mildly dependent
is g i v e n b y t h e s a m e e q u a t i o n w i t h a d i f f e r e n t
intercept,a2.
The probability of moderate/severe dependence is given by
l-p(l)-p(2)

REGRESSION COEFFICIENTS
FOR SIGNIFICANT PREDICTOR VARIABLES.
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Table 3F.3

PREDICTED OUTCOME
ACTUAL
OUTCOME

at 3 moni :hs
Barthel Barthel Barthel
20
15-19
0-14

Barthel
20

45

Barthel
15-19

9

Barthel
0-14

0

5
8
4

at 6 months
Barthel Barthel Barthel
20
15-19
0-14

0

49

5

0

2

9

4

3

16

0

4

10

C o m p a r i s o n of p r e d i c t e d a n d
at 3 and at 6 months.

121

actual

outcome

Section 4

DISCUSSION
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4A.STANDARDIZATION OF THE VISUAL NEGLECT TEST BATTERY.
4A.1 SUMMARY
(1) The omissions made by controls on the visual neglect
battery were

attributed

visuo-spatial

function.

to

an ag e

Cut-off

related

points

decline

were

in

c h o s e n to

distinguish between such age-related impairment and visual
neglect.
(2) In stroke patients, the battery was validated against
an occupational therapist's assessment of neglect on selfcare tasks.
(3) The inter-observer reliability was good.
(4) The battery was simple and quick to administer
(5)

It was sensitive to the prese n c e of visual neglect,

probably because

it takes

into

inconsistency of visual neglect,

account

the

behavioural

u s ing a wider range of

tests than is the clinical convention.

This is especialy

relevant to the detection of visual neglect in left hemi
sphere stroke.
(6) The battery is sensitive to change over time.
(7)

It is s u i t a b l e

for u s e

stroke.
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in p a t i e n t s

with

an a c u t e

4A.2 CONTROLS
The control group was selected so that they were as repre
sentative as possible of the pre-morbid state of the local
hospital-based stroke population, nearly

all of whom (89%)

were active,independent and living at home.

To that end

they were matched

for age, and were drawn

from the

geographical area.

They were in good general health,

same
de

spite being admitted to hospital for routine repeat checks
or other elective procedures. The incidence of hypertension
was similar to that in the stroke population, although that
of diabetes was lower
sion on the CDS

(0% to 8%) . Only four showed depres

(three of them under the age of 65),

only

two had MTS scores below the cut-off point for the diagno
sis of dementia .
Unlike many studies of neurological and cognitive function
in the elderly this study recruited active and independent
subjects,

instead of medical in-patients (Savitsky + Madon-

ick 1943; Mayne 1965; Prakash + Stern 1973;
1987),

residents

of

old people's

(Laidlaw + H a m i l t o n

1937;

1985).

studies,

In all

these

general

i l l - h e a l t h mi g h t

testing.

Our controls

homes

Plutchik

have

Stone et al

or

et al

depression
affected

institutions
1968;

Mehler

, dementia
the

results

or
of

were probably as active and inde

pendent as the "normal" elderly recruited from old people's
clubs in other studies (Plutchik et al 1968; Kendrick et al
1979; Wade et al 1988).
The incidence of isolated pyramidal tract signs and pro
prioceptive

loss was

low,

as reported

in other

studies

(Pearson 1928; Howell 1949; Klawans et al 1971; Broe et al
1976).

The KOLT scores in this study showed the expected
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age-related decline

(Kendrick et al 1979). The proportion

of people with MTS scores below 7 was the same as that in a
community study of perceptual
which

found that va r i o u s

function in elderly people

tests

of

apr a x i a

a nd

spa t i a l

function were performed poorly or with difficulty by 18-59%
of subjects (Eccles 1988). The current study's findings are
consistent with those of Eccles*

study.

F i fity-five per

cent of our subjects made at

least one omission

on the

entire battery.

Star

43%

subject made

On one test,

omissions.

As w i t h

cancellation,

Eccles*

study,

age

of
and

cognitive impairment influenced performance.
The performance of the controls was regarded as normal
and

was used to set parameters

to distinguish between

normal and abnormal visuo-spatial function in the elderly
(Wade et al

1988).

define visuo-spatial
stroke.

These p a r a m e t e r s w e r e u s e d
neglect

in patients

with

The parameters of normal visuo-spatial

were set separately for each test,
neglect may be task specific and

to help
an

acute

function

because visuo-spatial
may appear in one test

but not in another (Section 1.4.3). This approach contrasts
with that of the original study that developed the BIT.
This set the cut-off point for detection of neglect for
performance on the battery as a whole

i.e.

any patient

making omissions or errors on two or more tests was consid
ered to have neglect (Wilson et al 1987).
An

age-related decline

in neurological

(Pearson

1928;

Howell 1949; Klawans et al 1971; Broe et al 1976;Jenkyn et
al 1985) and cognitive function (Krai 1962; Schaie 1983) is
well recognised. Beginning in their late sixties and seven
ties (Schaie 1983), elderly subjects show cognitive changes
which

often coexist without significant disease, disabili125

ty or handicap (Sunderland et al 1986) and the same is true
of neurological changes

(Broe et al 197 6). A recent study

of over 2 000 elderly people found that neurological signs
consistent with diffuse cerebral disease are common but,
taken in clinical context,

are age-related and not p a tho

logical (Jenkyn et al 1985 ) .
Such cha n g e s

are often s u b t l e

(Huppert

1987)

a n d the

concept of an "age -related decline in intellectual effi
ciency"

(Blessed et al 1968)

is useful in accounting for

findings such as visuo-spatial impairment, when they appear
in c l inical
disruption
1.2.6).

isolation.
of

the

Vi s u a l

n e g l e c t m a y be d ue

"attention-arousal"

" A ttention"

refers

to

sys t e m

to a

(Section

a complex psychological

construct

whose neuro-anatomical pathways may be diffusely

organized.

It is reasonable to suggest that when the effi

ciency of this system is affected by age-related decline,
subtle visuo-spatial

impairments m ay appear on detailed

clinical examination.

When the performance of a control is

impaired to a disproportionate degree,

one might speculate

as to the presence of a focal element in the disturbance of
c e r ebral

function

(Zangwill

control who omitted four Lines
on Headlines

1964).

Such a case

(3 left,

(one l e f t ) ; and t h i r t e e n

is the

1 right); one word
Stars

(9 left,

4

right). This might represent ischaemia or a focal parietal
presentation of Alzheimer's disease

(Crystal et al 1982;

Celsis et al 1987).
It has been suggested that poor visual acuity may account
for impairments suggestive of visual negelct in,
ple,

drawing tests

visual

acuity

(Eccles

for exam

1988) . In the present

as measured by the
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ability to read

study
small

newsprint was adequate in all but four subjects.

Two of

these made no omissions on any other test. A third made one
omission on Coins, one on Paragraph,

three on Stars,

had a

KOLT score of 11 and made 6 errors on the speech assess
ment. The fourth made 8 omissions on Stars and had a KOLT
score of 21.

Poor visual acuity thus remains a possible

contributing factor in impaired performance in some con
trols.
4A.3 STROKE PATIENTS
Once the control results had been used to set a range of
normal performance the visual neglect battery was evaluated
as a clinical

tool

for detecting

and moni t o r i n g visual

neglect inpatients with an acute stroke. The battery satis
fies the basic requirements for a good assessment of any
neurological deficit after a stroke. That is,

it is rele

vant, valid and reliable simple to administer,sensitive and
able to give a result that can be c o m municated to other
colleagues (Wade et al 1985).
The battery

includes tests from the BIT that simulate

everyday activities e.g.reading,
selecting coins,

looking round the room,

and eating. These tests would seem to be

more relevant to real life than abstract paper and pencil
tests and will indicate to therapists

appropriate areas

for treatment (Wilson et al 1987,1987a).
4A.3.1 Validitv of the batterv
The validity study found that sixteen out of seventeen
patients with neglect on the battery, had neglect on the OT
checklist.

This method

of v a l i d a t i n g

clinical

tests

neglect has been used by Battersby and colleagues.
found that n e g l e c t

on cli n i c a l
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t e s t i n g did not

of

They

always

generalize

to d a i l y a c t i v i t i e s

(Battersby

et

al

1956;

Weinburg et al 1977). We observed one such patient,

but

cannot say whether such a discrepancy is an example of the
behavioural inconsistency of neglect

(Mesulam 1981;

Fried-

land + Weinstein 1977) or of a dissociation between neglect
in different tasks
not graded

(Bisiach et al 1986). The checklist was

for severity of neglect on each

item,

so we

cannot comment on the correlation of different degrees of
neglect on the battery and on the checklist.
4A . 3.2 Reliabilitv of the batterv
In 12 patients assessed by two observers,

the reliability

of the battery was good with respect to the presence and
severity of neglect in each test.

Inter-test reliability

was not assessed, but visual neglect is known to fluctuate
(Wade et al 1988;
influenced by

Friedland + W e i n s t e i n 1977)

factors

previous activities

such as

fatigue,

and to be

time of day and

(Wilson et al 1987) . A separate inter

test reliability study is currently being carried out.
The tests

are easy

for an e x a m i n e r

to admini s t e r .

The

presence of aphasia was not as great an obstacle to assess
ment as had been anticipated because sufficient gestural
comprehension was often retained to allow co-operation with
the tests even in the presence of major deficits of verbal
comprehension and word production.

Seven consecutive p a 

tients whose performance was timed,completed the tests in a
mean

(s.d.)

time

of

11 m i n u t e s

10

seconds

(3 m i n s . l l

secs.).
4A.3.3 Sensitivity of the batterv
The battery appeared to be sensitive to the p r e sence of
visual neglect,

and to changes in its
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severity over time.

More patients with an acute stroke seemed to have visual
neglect than has been reported in other studies which have
used a simple line cancellation and figure copying battery
(Cutting 1978; Fullerton et al 1986). Had Lines been used
as the sole test of visual neglect the incidence of visual
neglect would have been

55%

(right hemisphere)

and

42%

(left hemisphere) at 3 days post-stroke. At 3 months visual
neglect would have been evident in only 36% of those with a
right hemisphere stroke and in none of those with a left
hemisphere

stroke.

The

incidence of visual

like l y r e a s o n

neglect

for this

is that visual

higher

neglect was

considered to be present if it appeared in only one test
(Ogden 1985). Various studies suggest that visual neglect
may be task-specific

(Section 1.4.3).

tients by a larger battery

Assessment of p a 

is therefore more

likely to

result in the detection of visual neglect than assessment
by a one or two test battery

(Ogden 1985).

The use of a

larger battery has a particular bearing on the detection of
visual neglect

in those with

a left hemisphere

stroke.

Although some patients were unable to understand what was
required in one or two of the tests,

they were often able

to understand and attempt other tests.
There is no one standard method of measuring visual ne
glect (Fullerton et al 1986; Wade et al 1988; Ogden 1985;
Wilson et al 1987). Some sensitive tests in our battery are
not scorable,for example Right Hand Start and Crowding but
they remain useful clinical signs of visual neglect, possi
bly reflecting abnormalities in eye movements reported in
patients with unilateral

brain

damage who

search tasks by exploring ipsilateral space
1973;

Chain

et al

1979).

The m e t h o d
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begin

visual

(Chedru et al

of e x p r e s s i n g

the

percentage of items omitted from each test as a grade on a
0-5 scale is simple and each grade is easily understood. It
avoids giving too much weight to small changes over

time

in the raw score and expresses the result of each test in
the same arbitrary units. Although these units,
in the MRC grading of weakness,

like those

have no intrinsic value,

they do enable change to be monitored.

The finding that

visual neglect is more severe in those with a right hemi
sphere stroke than in those with a left hemisphere stroke
is consistent with other reports
et al 1973) . The scoring system

(Chain et al 1979; Chedru
is not as useful

as an

overall score, but takes into account the patients perform
ance over a variety of tests.
In conclusion,

the battery takes into account the beha

vioural inconsistency of visual neglect and is suitable for
use with patients after an acute stroke.
reliable and sensitive test battery.
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It is a valid,

4B.

THE INCIDENCE OF NEGLECT PHENOMENA AND RELATED

DISORDERS IN PATIENTS WITH AN ACUTE STROKE.
4B.1 SUMMARY
(1)

This

is the

first study to report the

incidence

different neglect phenomena and related disorders

of

in p a 

tients with right hemisphere and in those with left hemi
sphere stroke.
(2) The higher incidence of visual neglect and hemi-inattention reported in this study can probably be attributed
to the use of a larger and more sensitive testing proceedure. This is particularly true for left hemisphere stroke.
(3) It is hard to compare the incidence of extinction and
a n a e s t h e s i a with that reported in other studies,

because

the latter have not tested for these phenomena in as great
detail.
(4)

Inter-clinician

variability m ight

explain

the wide

variation in the reported incidences of anosognosia and
visual field defect given in different studies.
(5) Although neglect phenomena and related disorders were
associated with right hemisphere damage,

it is possible

that language difficulties obscured their presence in some
patients with a left hemisphere stroke. Nonetheless,

this

association is consistent with the evidence that suggests
that the right hemisphere is specialized for the distribu
tion of sensory attention to environmental space.
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4B.2 Neglect phenomena
This is the first study to report the incidence of differ
ent forms of neglect and related disorders in acute stroke
affecting either hemisphere. Visual neglect was found to be
more common than in other studies of acute stroke
ton et al
Perani

1986;

1986).

hemisphere

Cutting 1978;

E i ghty two per

cent

strokes had v i s u a l

(Fullerton et al 1986)
tions 3%,

ier et al 1983;

26%);

(95% C.I.

and 43%

of a s s e s s a b l e

neglect,

for difference

compared

(Vallar + Perani 1986)

to

70%

53%).

(95% C.I.

Sixty five per

s t rokes

had

(Fullerton et al 1986)

in proportions

right

for difference in propor

left h e m i s p h e r e

compared to 40%

Vallar +

of a s s e s s a b l e

neglect

for difference in proportions 26%,
cent

(Fuller

10%,

41%).

It

visual

(95% C.I.

is hard to

compare these findings with those of Cutting

(1978)

who

studied stroke patients with particular reference to ano
sognosia. Although he gives an incidence for visual neglect
of 50% in right and 0% in left hemisphere stroke,
clear how many of these patients w e r e

it is not

unasse s s a b l e

for

neglect.
The higher incidence for visual neglect reported in the
current study can probably

be attributed to the use of a

larger and thus more sensitive b a ttery
than p r e v i o u s

studies.

Gi v e n

(Section 4A.3.2)

the p o o r e r

prognosis

for

patients with visual neglect,and their possible need for
intensive specialized treatment,

the early accurate detec

tion of such patients may have important implications for
allocation of rehabilitation resources.
tion,

Had line cancella

for example, been used as the sole test,

as in Full

erton et al's study (1986), the incidence of visual neglect
132

would have been identical to that in

their study of acute

stroke.
Hier et al's study

(1983) of patients with an acute right

hemisphere stroke reported a similar incidence of visual
neglect to the current study's
ence
test,

in proportions

-10%,

a drawing task.

(85%; 95% C.I.

17%),

However,

for differ

despite using
this

only one

figure needs

to be

interpreted with caution for the population was atypical of
the general stroke population,

in that patients who were

obtunded, had a lacunar infarct or a normal CT brain scan
were excluded.

In addition,

ing the validity,

no data was presented concern

reliability or control perfor m a n c e of

their drawing task. This is important because, firstly, the
interpretation of drawing tasks may be subjective and made
difficult by structural disorganization and other problems
of perception or praxis
al 198 0).

Secondly,

(Battersby et al 1956; Andrews et

most patients with a stroke are over

the age of 65 and up to 47% of controls in this age group
perform poorly on drawing tasks (Eccles 1988).
A higher incidence of hemi-inattention was found in right
hemisphere stroke
(1983)

(95% C.I.

(70%)

than in Hier et al's study

for difference in proportions

4%,

(46%)
43%).

They defined "neglect of left hemispace" as "the spontane
ous failure to attend or turn to visual or auditory stimuli
presented

from the

left".

The

definition used

in the

present study was broader in that it included assessment of
eye movements, mobility,
in part,

grooming and posture.

explain our higher incidence.

This might,

The incidence of

hemi-inattention in left hemisphere stroke was 42% in the
c u rrent

study.

No previou s

s t u d y has
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reported

on this

variable.
Sensory extinction was found

to be as common in assessa

ble right hemisphere stroke as in Hier et al's patients
(1983)

(65% V 63% respectively,

95% C.I.

for difference in

proportions -18%, 22%). Sensory extinction was present in
35% of assessable left hemisphere strokes. No other study
has reported on this variable.

One study,

however,

found

that in a group of patients with mixed cerebral pathology,
sensory extinction occurred after left brain dama g e but
less commonly than after right brain damage (Schwartz et al
1979) .
The only study to report the incidence of visual extinc
tion

after

i ncidence

stroke

(W a d e

for a s s e s s a b l e

1984)

left

gives

and r i ght

similar to that of the current study
difference

in p r o p o r t i o n s

anaesthesia

-4%,

a

stroke

(13%)

9%).

The

combined
of

11%

(95% C.I.

for

on l y

study

of

after stroke was confined to patients with

thalamic or putaminal haemorrhage, none of whom had neglect
(Kawamura et al 1987).
4B.3 Related disorders
Of the related disorders, anosognosia was found to be less
common in assessable right hemisphere stroke
Cutting's s t u d y (1978)
proportions
common in

12%,

48%).

(58%)

(95% C.I.

(28%) than in

for d i f ference in

Anos o d i a p h o r i a was however,

assessable right hemisphere strokes

in Cutting's

(1978)

study

(4%) 95% C.I.

(27%)

more
than

for difference in

proportions 9%, 3 6%). It is not immediately clear why there
should be such variation.

Cutting developed a formal ques

tionnaire to assess these disorders, which was used in this
study.

It is p o s s i b l e

that

in the

absence

of

specific

instructions as to the diagnostic criteria for these disor134

ders, inter-clinician variability would arise. Garraway and
colleagues (1976) have amply demonstrated this with respect
to the introduction of new assessment protocols for stroke
patients. However, the incidence of anosognosia in assessa
ble

left hemisphere

stroke was

Cutting's study (14%)
tions -7%,

24%).

similar

(95% C.I.

(5%)

to that

in

for difference in propor

The incidence of anosodiaphoria

in left

hemisphere stroke was also similar in both studies

(2% and

10% respepectively;

95% C.I.

for difference in proportions

-5%, 21%). The similarity may relate to the difficulties of
assessing patients with dysphasia.

The figure for anosog

nosia in right hemisphere stroke was similar to that re
ported by Hier et al

(1983)

(36%)

(95% C.I.

for difference

in proportions -10%, 27%). It is hard to compare the cur
rent study's figure with that of Willanger et al (1981) who
found anosognosia in 2 5% of right hemisphere strokes,
it is unclear how

long po st-stroke

their patients

for
were

examined.
The incidence of a visual field defect in assessable right
hemisphere stroke (36%) is similar to that reported by Hier
et al
-9%,

(46%)

(1983)

(95% C.I.

for difference in proportions

30%) . No other study gives a figure for visual field

defects in acute left hemisphere stroke. It should be noted
that visual

field defects

can o c c u r

in the

absence

of

visual neglect and vice versa (Halligan et al 1991). Clinico-anatomical studies have shown that surgery restricted to
the m e dial

oc i p i t a l

lobe cau s e s

fields but not v i sual
posterior

cerebral

neglect

infarcts

restriction

an d

have

that

of v i s u a l

patients

isolated

wi t h

hemianopias

unless the lesion involves the temporal or parietal lobes
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(Ishiai et al

1987;

Weiskrantz

et al

1974;

McCauley

+

Ross-Russell 1979; Koboyashi et al 1985).
The incidence of gaze paresis

in the present study was

similar for right and left hemisphere stroke.This fails to
confirm the findings of De Renzi and colleagues (1982), who
reported an association with right hemisphere stroke
right;

21% l e f t ) . However,

(3 5%

it should be noted that what

DeRenzi et al regarded as the mildest form of gaze paresis,
loss of spontaneous occular scanning movements to the side
opposite the lesion

in the absence of a frank gaze pare

sis, was regarded in the present study as a "gaze prefer
ence"

(Watson + Heilman 1979)

inattention

and as such, a form of hemi-

(Section 2.3.11).

It is not clear from their

study how many presented with this form of gaze paresis, so
further comparisons are hard to make.
4B.4 Right hemisphere association
The finding that neglect phenomena and most related disor
ders were associated with right hemisphere stroke is con
sistent with most
Cutting 1978;

other

studies

Haecen 1962).

(Fullerton

Visual neglect,

et al
which

1986;
is the

only neglect phenomenon to be previously studied in left
hemisphere stroke,

was much more common than in earlier

studies. However this study did not replicate the finding
reported

in the

standardization

battery (Section 3A.3.1a)
neglect is

of

the v i s u a l

neglect

and in other studies that visual

equally common in right or left sided lesions

(Albert 1973; Chain et al 1979; Ogden 1985). These studies
were based either on smaller populations,
stroke patients or on groups of mixed,

or on non-acute

predominantly non-

vascular pathology. It is however possible that the associ
ation of some neglect phenomena and related disorders with
136

right hemisphere stroke might still be an artefact of the
difficulty of assessing dysphasic left hemisphere patients
(Table 3B.1)
less,

(Brain 1945; Battersby et al 1956). Nonethe

this association is consistent with the view that,

although both hemispheres have the capacity to attend to
contralateral
spe c i a l i z e d

stimuli,

the

non-dominant

for the d i s t r i b u t i o n

(Section 1.2.7).
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of

hemisphere

sensory

is

attention

4C.RECOVERY OF NEGLECT PHENOMENA AND RELATED DISORDERS
AFTER ACUTE STROKE
4C.1 SUMMARY
(1) The early phase of relatively rapid recovery of most
neglect phenomena and related disorders
days to 3 weeks,
months,

in the first 10

followed by a plateuing-off at about 3

is consistent with the recovery pattern reported

for most-neurological deficits after stroke.
(2) The slower recovery of visual and hemi-inattention in
right hemisphere patients reported in this study,

compared

to other reports, may reflect the more detailed and sensi
tive testing used here.
(3) The slower recovery of visual and hemi-inattention in
right hemisphere stroke,

compared to that in left h e m i 

sphere stroke, may reflect an initial difference in severi
ty, and may be due to the specialization of that hemisphere
for the distribution of sensory attention.
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4C.2 Comparison other studies
Only two other studies h a v e

e x a m i n e d the r e c o v e r y

of

visual neglect in patients seen in the first week p o s t 
stroke

(Hier et al 1983a; Wade et al 1988).In the first.

Hier and colleagues studied a population somewhat different
from the general hospital-based acute stroke population
(Section 4B.2).
and

Recovery of allesthesia,

anosodiaphoria,

gaze paresis were not assessed. They found recovery of

visual and hemi-inattention to be faster than that reported
in the present study with a median time to recovery of 8 or
9 weeks respectively.

This may reflect the more detailed

and sensitive testing for these phenomena

in the current

study.
On the other hand,

the recovery of sensory extinction,

anosognosia and visual field defects was much faster in the
present study, whereas Hier et al reported a median time to
recovery of 43,

11,

and 32 weeks respectively.

It is of

interest to note that in the current study a hemianopia
re s olved m o r e q u i c k l y

and

frequently

in p a t i e n t s

visual neglect due to a left hemisphere

with

stroke than

in

those with visual neglect due to a right hemisphere stroke
(Figure

3C.4).

It

is possible

that

in right hemisphere

patients with severe visual neglect one might be unable to
distinguish between hemi-inattention and a hemianopia on
clinical grounds,
as

are

although the two are doubly dissociable

visual neglect and hemianopia. A hemianopia can,

occur in the absence of neglect and vice versa

(Bisiach et

al 1986a; Gordon et al 1985; Ishiai et al 1987).

Clinico-

anatomical studies have shown that surgery restricted to
the m edial

ocipital

lobe

cau s e s
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restriction

of v i s u a l

fields

but

not visual

1974) and that

neglect

(Weiskrantz

+ Warrington

patients with posterior cerebral infarcts

have isolated hemianopias unless the lesion involves the
temporal or parietal lobes

(McCauley + Ross-Russell 1974;

Koboyashi et al 1985).
It is also possible that some left hemisphere patients
considered to have a hemianopia were falsely categorized as
such because of the difficulty of assessing aphasie p a 
tients.

In addition,

the absence of a blink response to

threat, on which basis a hemi-anopia was considered to be
present in seven left hemisphere patients,
hemi-inattention rather than a hemianopia.
possibility

In view of this

it is of interest that the recovery curves of

hemi-inattention
hemisphere

might reflect

and hemianopia

patients.The

are

recovery

so similar

rate

of

in

left

hemi a n o p i a

in

those seven patients was no different from the rest of the
hemianopic left hemisphere patients.
The only other study

(Wade et al

1988)

to report the

resolution of visual neglect in acute stroke used a number
cancellation test, the result of which, the authors stated,
was not always easy to interpret.
able to identify 15 patients
hemisphere

) wi t h v isual

Nonetheless,

they were

(6 left hemisphere,

neglect

9 right

out of a t o tal

of

62

patients. At 3 months, visual neglect had resolved in every
patient,with an early phase of fast recovery. The incidence
at 3 months was uncertain although the authors quote other
work showing

that recovery could continue at 6-12 months.

It is difficult to compare results since only one test of
visual neglect was used and the study

could not comment on

any right hemisphere-left hemisphere difference given the
sample size.
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The present study suggests an early phase of relatively
rapid recovery of most neglect phenomena and related disor
ders in the first 10 days to 3 weeks,
auing-off at about 3 months.

followed by a plate-

Other studies

(Section 1.5)

have reported a similar time course to the recovery of a
variety of neurological
and disabilities,

impairments,

such as power

such as self-care and mobility,

loss,

but used

scales to measure the degree of deficit or disability.
is t h e r e f o r e h a r d

to c o m p a r e

the p r e s e n t

examines neurological deficits,
as being present or absent.

study,

It

which

all of which are assessed

Nonetheless the pattern of a

phase of early rapid recovery with a plateauing off at 3
months appears to hold true.

The rapid recovery of gaze

paresis in surviving patients is similar to that reported
in DeRenzi et al*s study (1982).
This study has demonstrated an interhemispheric difference
in the resolution of visual and hemi-inattention. Both were
present for longer after right hemisphere stroke.
relate to a difference
3A.5, 3D.2)

in the

initial

severity

This may
(Tables

and probably reflects the specialized role of

the right hemisphere in the spatial distribution of sensory
attention (Section 1.2.7).
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4P.DEVELOPMENT OF AN OVERALL MEASURE OF VISUAL NEGLECT
THE VISUAL NEGLECT RECOVERY INDEX
4D.1 SUMMARY
(1) The VNRI has the advantage of expressing performance on
the visual neglect battery as a single figure instead of as
a profile of graded scores on individual tests.
(2) It is a better option than summating and averaging the
graded scores because it expresses each grade in equivalent
units of "neglect recovery",

instead of arbitrary units of

no real value.
(3) There is reasonable correlation between the VNRI and
the individual test scores.
(4) The rate of recovery of visual neglect described by the
VNRI is consistent with that of most stroke-related neuro
logical deficits.
(5) The finding that visual neglect is more severe in right
hemisphere stroke is consistent with previous studies and
with

e v i dence

suggesting

that

dominant for sensory attention.

142

the

right

hemisphere

is

4D.2 Advantage of the VNRI
The visual neglect recovery index was developed in this
study to provide a single overall measure of visual n e 
glect.This expresses a patient's performance on the visual
neglect test battery as a percentage of complete recovery
from the maximum

visual neglect measurable.

The advantage that the VNRI has over the previous method
of expressing performance on the battery as a profile of
graded scores on the individual tests,
is given as a single

figure.

is that the result

This makes

it e a s i e r

for

clinicians to express the severity of visual neglect and
compare patients' performance.

It is a better option than

summating and averaging the graded scores of individual
tests because the VNRI expresses each grade in equivalent
units of "neglect recovery" instead of arbitrary units of
no real value.

Visual neglect ma y

Gastello + Warrington 1987)

be task- s p e c i f i c

(De

and the VNRI may facilitate

comparison between performance on different tests better
than the original grading system.

The VNRI

is probably a

reasonable reflection of the individual test scores,

for

both follow a similar pattern of change with time and the
results of those Least Significant Difference analyses and
A N O V A that w e r e p o s s i b l e

(Tables

3D.3,

3D.4),

provide

further support for the correlation of the two. This sug
gests that if a patient is unable to do 1 or 2 tests b e 
cause of aphasia or drowsiness,
tests done by the patient

the VNRI derived from the

is p r o bably r e p resentative of

their visual neglect on the entire battery.

It could be

argued that one test is as useful as the entire battery,
but recent work has illustrated the differential sensitivi
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ty of individual tests

(Halligan et al 1989)

and stressed

that use of only one test might result in failure to detect
a significant proportion of patients with visual neglect
(Section 4B.2). The index, like the Behavioural Inattention
Test

(Wilson et al 1987,

derived,

1987a)

from which the battery was

does not lateralize the omissions but,

in p r a c 

tice, only 2% of test results are not clearly lateralized.
4D.3 Recovery of visual neglect
The rate of recovery of visual neglect is similar to that
reported for other neurological deficits or disabilities in
stroke.

The present

investigation

is the

only

de t a i l e d

study of the recovery of visual neglect in stroke survivors
that has assessed visual neglect with a larger test battery
than

is the

severity
absence

clinical convention

of visual

and which

neglect rather

than

(Hier et al 1983a). Wade et al

recovery

of visual

neglect using

assesses

its p r e s e n c e

the
or

(1988) examined the

a number

ca n c e l l a t i o n

task. This test,as the authors point out, was itself diffi
cult to interpret.

In addition,

presence of visual neglect

by using only one test,the

may therefore have been under

estimated and they only found 15 out of 68 patients to have
visual neglect. Despite
rapid

reduction

these difficulties they too report

of negle c t

in the

first

10 days w i t h

resolution in most patients at 3 months.
The VNRI shows that visual neglect makes
recovery in most

patients

a

reasonable

and that even if it persists at

3 months in as many as 75% of patients with a right he m i 
sphere stroke

(Figure 3C.1),

tends to be mild

(Table 3D.2,

its severity at that stage
Figure 3D.1).

It should be

noted that all patients with a VNRI at 3 months of less
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than 75% had a right hemisphere stroke and that only 2 of
those with a left hemisphere stroke had a VNRI at 3 months
of less than 80%.
Th e

VNRI

shows

a significant

difference

in

the

severity of visual neglect between those with r i ght and
left hemispheric stroke,
other studies

which confirms the findings of

(Chedru et al 1973;

Chain et al 1979),

the

earlier findings of this study (Section 3A.3.6), and proba
bly

explains why it persists for longer in r i g h t h e m i 

sphere stroke

(Figure 3C.1). This is consistent

with the

view that the right hemisphere is dominant for the distri
bution of sensory attention to environmental space (Section
1.2.7) .
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4E PREDICTION OF THE SEVERITY OF VISUAL NEGLECT
AT 3 AND AT 6 MONTHS POST-STROKE
4E.1 SUMMARY
(1) The statistical model predicting the recovery of visual
neglect is based on a representative sample of acute stroke
patients,

makes

clinical

sense,

and

is accurate

at the

upper range of recovery.
(2)

It is less accurate at the

lower end of the range,

probably because there were too few such patients to allow
more accurate stepwise regression analysis.
(3) The regression equations generated were simple and may
enable clinicians to select patients for intensive treat
ment of visual neglect.
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4E.2 The statistical model
Any statistical model which predicts the outcome of stroke
should be based on a representative sample of patients,
give a result that makes clinical sense,

and be accurate.

Preferably, the resultant equation should be simple and the
methods used related to standard clinical practice.
The model p r o duced by the current study

is based on a

sample of stroke patients admitted to a district general
hospital.

The significant predictive variables included in

the model make clinical sense in that the initial severity
of visual neglect affects its severity at 3 months and at 6
months.

The

influence

particular interest.

of a n o s o g n o s i a

on o u t c o m e

is of

Patients with anosognosia had a sig

nificantly greater degree of visual neglect (mean VNRI 34%,
s.d.

38%)

than those without anosognosia

s.d.

31%;

therefore
neglect

t=12.87,
be

53,

p < 0 .0005).

62%,

Anosognosia

may

regarded as an indicator of severe visual

(Friedland

recovery,

df

(mean VNRI

+ Weinstein

1977),

and hence,

poor

even though the two deficits have been shown to

be clinically dissociable

(Bisiach et al 1986a)

and even

though some patients with anosognosia had little visual
neglect.
The predictive equations are simple,
for both time points.

and are consistent

There was good matching of actual

and predicted recovery at the upper range,

but less so at

the lower range, where prediction of the exact severity of
visual neglect in the worst patients was imprecise. This is
likely to be because there were too few such patients at 3
months

to

allow

more

accurate

stepwise

regression

analysis :- only seven patients had a VNRI < 60%,
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all the

rest, except for one, had a VNRI of at least 75%. This may
also explain why the severity of visual neglect in the poor
outcome group tended to be o v e r - e s t i m a t e d .

Some of the

inaccuracies in prediction may also reflect the failure to
standardize remedial therapy in the population studied;
hence some patients may have received more treatment for
visual neglect than others.

The best test of the model 's

accuracy would be to carry out the prediction analysis on a
new sample of patients.

This would also demonstrate that

the predictive power of the VNRI was not solely the result
of the statistical tautology inherent in its development.
Nonetheless,

it is apparent that in most patients visual

neglect makes a good recovery

. The predictive equations

may be of value in trials of intensive treatment of visual
neglect,

where they could be used to randomize patients

into treatment groups matched according to their prognosis
(Section 1.3.2).

For example,

all but one of those whose

VNRI at 3 months was <75% had a predicted VNRI of <75% and
it might be from this group of patients that candidates for
such t r e a t m e n t m i g h t come.

However,

the

current

study

demonstrates the difficulty of recruiting sufficient p a 
tients for such a trial, given the generally good prognosis
for the recovery of visual neglect.
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4F. PREDICTION OF INDEPENDENCE IN SELF CARE AT 3 AND AT 6
MONTHS IN STROKE SURVIVORS
4F.1 SUMMARY
(1) The statistical model predicting the level of independ
ence achieved by stroke patients with visual neglect is
based on a representative sample of patients, makes clini
cal sense and is accurate in predicting independence and
moderate/severe dependence.
(2) The accuracy of the model m a y have been affected by
other factors not taken
stroke

level

of

into account,

independence

and

such as the p r e 

lack of

standardized

treatment.
(3) The regression equations gener a t e d by the model are
relatively simple,

requiring assessment of only two clini

cal variables using standardized clinical methods.
(4) Although the regression equations may be limited in
predicting outcome for individual patients,
useful

in s e l e c t i n g

comparable

groups

trials of treatment of visual neglect.
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they m ay be

of p a t i e n t s

for

4F.2 The statistical model
The statistical model resulting from the present study is
based on a representative sample of stroke patients
senting to a district general hospital.
predictive factors make clinical sense.
1984;

Marquardsen

1969;

1987; Fullerton et al

Wade et al

pr e 

The significant
Power loss

1983;

Wade

(Allen

+ Hewer

1988) has previously been identified

as a prognostic factor as have

both the presence

(Adams

and Hurvitz 1962; Feigenson et al 1975; Kinsella and Ford
1980; Denes et al 1982)

and the severity

(Fullerton et al

1988) of visual neglect. Motor skills are important in self
care, and the difficulties of using a hemiparetic limb in
that side of space,

or of compensating by using the non

weakened limb in that side of space, would be exacerbated
by visual neglect.
Although ANOVA did not show that age was significant on
its own,
the

it was significant when taken into account with

other variables

in

logistic

r e g ression.The

effect of age has been noted in other studies

adverse

(Marquardsen

1969; Wade et al 1983; ade + Hewer 1987; Allen 1984; Henley
et al 1985). This may reflect loss of neurological reserve
after injury to the brain but may also reflect lower expec
tations of physicians and therapists for older patients and
thus less sustained attempts at active rehabilitation.
The predictive accuracy of the model was high for inde
pendence (sensitivity 84%, specificity 90% at 3 months) and
for moderate/severe dependence (sensitivity 89%, specifici
ty 80%). Prediction of mild dependence was less accurate.
The accuracy of prediction in this and other
al

1988;

Allen

1984;

Henley et al
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1985;

(Fullerton et

Prescott

et al

1982)

prognostic studies

several factors.

of stroke may be limited by

First, neither remedial therapy nor medi

cal treatment is likely to have been standardized in the
sample of patients examined; although nearly all patients
received occupational as well as physiotherapy,

none re

ceived specialized therapy for visual neglect and many of
t h o s e who r e a c h e d a Bart h e l

s c ore

of

20 r e c e i v e d

therapy than those with worse outcomes.
stroke

level of

independence ma y

Second,

the pre

not have been

established. This may explain why,

for example,

less

clearly

a signifi

cant proportion of patients predicted to be independent in
fact had a Barthel score of 18-19,

owing to pre-existing

inability to bath or to climb stairs; future studies should
probably take this into account.

Third,

factors

such as

motivation, known to affect outcome (Henley et al 1985) may
not be measured.
The predictive equations derived from the model are rela
tively simple,
variables,

requiring assessment of only two clinical

visual

neglect

and power.

The

assessment

of

power is closely related to the standard clinical method,
and the VNRI is based on the Behavioural Inattention Test
(Wilson et al 1987),

which is being increasingly used by

occupational therapists.

The neccessary mathematics can be

performed by a basic pocket calculator.
l ittle

simpler

than those p r o d u c e d

The equation is a

by F u l l e r t o n

et al

(1988), which contain 6 variables, some of which have to be
weighted

(Hodkinson's Mental Test Score)

and some of which

(eg leg power, arm function) are not standardized measures.
The current study contirmed the findings of Fullerton et
al that the initial severity of visual neglect was a pr e 
dictor

of outcome,

and that
151

b e ing

"unassessable

" for

ne glect was
However,

a good p r e d i c t o r

of d e a t h

(Section

2.7F).

the study avoided the possibility of exaggerating

the association of neglect w i t h

a poor outcome,

by not

allocating the mean VNRI score to the "unassessables" and
by not including death as an outcome.
larger b a t t e r y to assess v i s u a l

Moreover,

neglect

increased

detection of patients with this deficit.
included

as

an

additional

outcome,

found that the same factors

use of a
the

When d e a t h was

logistic

regression

(power loss, neglect and age)

were significant. 88% of independent,

37% of mildly depend

ent and 88% of moderate/severely dependent outcomes were
correctly predicted,

but only 10% of deaths probably b e 

cause their number was so small. The separation of "depend
ent" patients into two groups that reflected the practical
difficulties of arranging a discharge,

facilitates identi

fication of a group in particular need of attention.
larger number of patients been recruited,
allowed

separation

of

the

Had a

this might have

"moderate/severe"

dependency

outcome group into its two constituent groups, which might
have enhanced the usefulness of the study.

Consideration

should be given by future prognostic studies to prediction
of functional recovery from the clinical features present
at

3 weeks

rather

than

at

3 days,

the majority of deaths have occurred
Aho et al

1980) , the rapid phase

ended (Wade et al 1985a)
resolved

(Spatz

1939;

of

as

at

this

time,

(Wade + Hewer 1985a;
early re c o v e r y has

and any cerebral oedema will have
Skriver

+ Olsen

1981),

leaving

a

"core" neurological lesion.
Lincoln et al (1990) have recently pointed out the limita
tions of prognostic studies in predicting exact outcome for
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individual

patients,

but

st r e s s e d

t h eir u s e f u l n e s s

in

targetting a group of patients in need of special interven
tion.

The regression equations generated by the current

study could be used in such a manner to select patients for
trials of treatment of visual neglect.
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Abstract
Forty four consecutive patients with
acute hemispheric stroke and forty seven
elderly controls with no neurological
disease were assessed for visuo-spatial
neglect, usinga modified neglect testbat
tery. Neglect was found to be equally
common in patients with right hemi
sphere and left hemisphere stroke three
days after stroke (72% versus 62%). It
was more severe in those with a right
hemisphere stroke and resolved more
frequently in those with a left hemis
phere stroke. The battery was validated
against an occupational therapist’s
assessment of neglect on self-care tasks.
The inter-observer reliability was good
and it was possible to monitor changes
over time with the battery.
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Visuo-spatial neglect is an important predic
tor of poor outcome after stroke.'"’ T h e
natural history of neglect after stroke,
however, remains unclear. Estimates of the
frequency of visuo-spatial neglect (33-85% in
right and 0-25% in left hemisphere strokes)
and of the frequency of recovery (0-50% in
right and 60% in left hemisphere stroke) vary

widely.*-"-'"
T h e variation in these estimates is the
result, firstly, of the use of different tests to
detect visuo-spatial neglect and, secondly, of
the use of only one or two tests chosen often
on the basis o f their simplicity. T his practise
is unsatisfactory, because clinical neglect is
not an all or none phenom enon." '* Neglect is
not observed in all activities or all clinical tests
at any one tim e.'’ It cannot therefore be
assumed that all tests assess or measure the
same neuropsychological variable or mechan
ism .'"'’
Over 50 bedside tests of visuo-spatial
neglect have been used in various com bina
tions. T h e tests most commonly used are
probably line cancellation and drawing
tasks."* Recently, Wilson et al developed the
Behavioural Inattention T est (B IT ),'’ '* which
was standardised on convalescent stroke
patients. T h e B IT has been shortened and
modified for use with acute stroke patients.'*
T he aim of the current study was to evaluate
this modified battery as a clinical tool for
detecting and monitoring visuo-spatial neglect
in patients with an acute stroke.

Method
Forty four consecutive patients with a mean

(SD ) age 7 1 2 (12 8) years, who had been
admitted to hospital with an acute hemi
spheric stroke, were investigated. Eighteen
had a right hemispheric stroke, 26 had a left
hemispheric stroke. T h e diagnosis was confir
med by a physician (SPS) who administered
the test battery at three days. Patients were re
examined at three m onths because after this
interval most neurological deficits, including
visuo-spatial neglect, made most of their
recovery.**®*' All patients received a non-con
trast C T brain scan at three to five days. T w o
patients had a haemorrhage, the rest had an
infarct. In 21 patients (48% ), the findings on
examination were validated against an
occupational therapist’s assessment of neglect
in activities of daily living (ADL). Interobserver reliability was also established using
12 of the stroke patients.
Forty seven age-matched controls were also
examined once (see following paper).

The neglect test battery
All tests were presented in front of the
subject’s midline with the examiner seated
directly opposite. No time limit was imposed.
After patients had completed a test they were
asked to check that they had finished. Some
patients were unable to attem pt tests due to
the level of consciousness, language difficulties
or fatigue. A fundamental feature of patients
with visuo-spatial neglect due to a right
hemisphere lesion is that they begin tasks on
the right hand side.***’ In four of the eight
tests, the presence of a “ Right Hand S tart”
was assessed. T h e tests were administered in
the following order.

1)

PO IN TIN G TO OBJECTS LOCATED ABOUT THE

(fig 1) T h e patient was asked to point
to and or name all the objects that they could
see on both sides scattered about their hospital
room or ward. T he examiner stood directlv
WARD*"

Chart

Siinsburv s

Figure !
objects.

L e ft visuo-spattal neglect

Pointing to

346

V'tlson, VTrDot, H alligan, Lange, .Marshall, Greenwood

Figure 2 Left visiuyspatial neglect on M enu
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behind the patient. Using a photocopy of a
closed semicircle, with the position of the
patient’s head marked at the centre of the base
and with marks on the circumference at 45, 90
and 135 degrees, the examiner noted which
objects were situated at 0, 45,90, 135 and 180
degrees and used these as landmarks. When
the patient pointed to or named objects in the
room the examiner marked their approximate
position relative to the landmarks and
measured the approximate number of degrees
omitted.

Figure 4 L eft visuo-spatial neglect on Line cancellation
with a Right H and S ta r t larrcnv j.

the article (117 words in small newsprint)
were recorded separately. T he presence or
absence of “ Right Hand Start” was recorded.
This test was not given to patients with a left
hemisphere stroke because the pilot study”
that modified the B IT found that most of them
had reading difficulties.

2) FOOD ON A p l a t e ” Patients were asked to
point to each food item in a lifesize colour
photograph of a plate containing eight foods.
UTiere necessary the examiner demonstrated
what was required. T he total number of items
omitted was recorded. Correct verbal iden
tification of the food items was not required.

5) LINE CANCELLATION (adapted from ” *’) (fig
4) The patient was presented with a sheet of
paper on which 40 one inch lines had been
marked in seven columns. T he patient was
required to cross out all the lines on the page
after the examiner had demonstrated what was
required by crossing out the four lines in the
centre column. A “ Right Hand Start” was
3) READING A MENu” (fig 2) T he patient was considered present if the first lines to be can
asked to open and read aloud from a menu celled were in the sixth or seventh columns on
that listed 12 items of food on the left page the right of the page (see arrow in fig 4). The
and 12 on the right. T he number of words number of lines omitted on the right, the left
omitted on the left, right, and in total was and in total was recorded. If the patient’s
recorded. Aphasie patients were allowed to dominant hand was too weak to cross out lines
point to words. In a patient with a right and they were unable to use the other hand,
hemisphere stroke “ Right Hand Start” was they were allowed to point to each line, which
defined as a failure to begin reading from the the examiner then crossed out.
first left hand column^ ^ (see arrow on fig 2).

4) READING A NEWSPAPER ARTICLE (adapted
from ”) (fig 3) Patients were asked to read
the “ newspaper” extract aloud. T he examiner
marked on a photocopy any words omitted.
Some patients were unable to read small print,
so the number of words omitted from the
headlines (10 words in bold print), the
paragraph (five words in smaller capitals) and

6) STAR c a n c e l l a t i o n ” (fig 5) Patients were
presented with 56 small stars mixed up with
many large stars and capital letters. They were
instructed to cross out the small stars after the
examiner had demonstrated this, crossing out
two centrally positioned small stars. The
number of small stars omitted on the left, the
right and in total was recorded. A “ Right
Hand Start” was considered present if the
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COPYING FROM THE LEFT‘^ (fig
7) The patient was presented with a piece of
paper divided into six squares. In the three
squares on the left were figures of a four
pointed star,' a cube'* and a daisy.-'* These
were to be copied into the empty three spaces
on the right side. T he number of maior omis
sions Tor example, half a cube) and the num
ber of minor omissions (for example, a leaf)
was recorded for each figure. Each major omis
sion was given an arbitrary score of two and
each minor omission a score of one.'® This test
was not given to those patients with a right
hemisphere stroke as the pilot study that
modified the BIT'* indicated that this test was
less sensitive than many others. It proved
useful, however, for patients with left hemi
sphere stroke who often ignored the empty
right spaces and “ crowded” their copies into
the left hand side of the page.

8 ) FIGURE

• *
#
Figure 6

L eft visuo-spatial neglect on Coin selection ( unmarked coins).

patient began cancelling stars in the right
hand third of the page. Patients with a weak
dominant hand were allowed to point to each
star.

7) COIN SELECTION‘S (fig 6) A large card
(32 X 21 cm) with three coins of each of the
following values (2p, 5p, lOp, 20p, 50p, £1)
was presented to the patient with the three five
pence coins on the side opposite their cerebral
lesion. The patient was asked to point to each
of the coins in turn. The examiner noted the
results on a photocopy of the test card. The
number of omissions on the left, right and in
total was recorded. Occasionally the examiner
placed a loose coin of the value required in
front of aphasie patients or wrote the value of
the coin on a piece of paper to help them
understand which coin was required.
Figure 7 Right visuo
spatial neglect on Figure
copying tcith Crovtding.

CRITERIA FOR VISUO-SPATIAL NEGLECT

To establish a normal range of performance
for each test the controls were examined; these
results are given in an accompanying paper.
Visuo-spatial neglect was considered present
in patients if they made more omissions on
any one test than the age-matched controls.
Thus two or more omissions on meal; one or
more on menu; five or more on lines; 16 or
more on stars; four or more on coins; two or
more on headlines; two or more on paragraph;
seven or more on article; and 50 or more
degrees on pointing was regarded as evidence
of neglect. Major or minor omissions on left
figure copying. Crowding and a Right Hand
Start on the reading tests never occurred in
controls and were thus considered clinical
indicators of neglect.
In addition, any stroke patient making three
unilateral omissions on coin sorting was con
sidered to have neglect on that test if neglect
was also present on another test. Similarly,
neglect was considered present in star can
cellation when a stroke patient omitted be
tween six and 15 stars if there were at least
twice as many omissions on one side of the
page as the other^ and if neglect was present in
another test. Also, a Right Hand Start on line
and star cancellation was taken as indication of
neglect if neglect was present on these or
other tests. Combinations of these features
were not observed in the controls.

SCORING THE TESTS

The total number of omissions made on lines,
stars, meal, menu and coins was expressed as a
percentage of the total number of items in
each test.^ T he number of degrees omitted on
pointing was expressed as a percentage of 180
degrees. The number of words omitted in
headlines was expressed as a percentage out of
10, the number omitted on Paragraph as a
percentage of five, and the number in the
.Article was expressed as a percentage of 117.
The score for figure copying was converted
into a percentage (of a maximum score of six,.
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TubU I S'untber of stroke patterns able to attem pt each lest at three Jays and number
'jctth neglect
each test
Right hennsphere stroke
n X 18>

Left hemisphere stroke
in * 261

Test

Sutrber patients
attempting
test

.Mumber
with
neglect

Number patients
attempting
test

Number with
tmih
negUct

Point
.Meal
.Menu
Newspaper
Lines
Stars
Corns
L Rg

16
16
16
16
16
15
14
—

11
10
8
13
10
11
7
—

20
20
20

9
9
10

—

__

20
14
15
16

11
8
7
1

T he percentage score on each test was then
graded: Grade 0: no neglect; Grade 1: up to
20% of items omitted on the test; Grade 2 :2 1 40% items omitted; Grade 3: 41-60%; Grade
4: 61-80%; Grade 5: 81-100%. Right Hand
Start and Crowding were both considered to be
qualitative rather than quantitative measures of
neglect and were noted but not scored.

Results
1 Stroke patients three days after stroke (table 1)
At three days after stroke, two patients with a
right hemisphere stroke could not be assessed
on any test because of coma. All remaining 16
patients could be tested on Pointing, Meal,
Menu, Newspaper and Lines. One patient was
too tired to do stars or coins, another could not
recognise coins.
Five patients with a left hemisphere stroke
could not be assessed at three days because of
coma or severe aphasia. Most of the remaining
21 could be assessed on Pointing, Meal, M enu
and Lines. Aphasia made it impossible for
some patients to attempt Stars, Coins and
Figure copying because they were unable to
understand the instructions.
At three days 13/18 (72%) patients with a
right hemisphere stroke showed neglect on at
least one test. Neglect was present in 16/26
(62%) patients with a left hemisphere stroke.
The tests most likely to d etea neglea in a
patient with a right hemisphere stroke were
Newspaper, Stars, Pointing, Meal and Lines
(table 1). Eleven of these patients demonstrated
a Right Hand Start.
For patients with a left hemisphere stroke the
most likely tests to detea neglect were Meal,
Menu, Lines and Pointing (table 1). Five of

Table 2 N um ber o f stroke patients able to attem pt each test at three months and
number w ith neglect on each test

Test

Poinung
Meat
Menu
Newspaper
Lines
Stars
Coins
L fig

Right hemisphere stroke
In - I2 j

Left hemuphert stroke

Number patients
attempting
test

Number patients
attempting
test

Number
tmth
neglect

In» 15>

Number with
tn t h

neglect

these patients showed Crowding. .Although
only 10 patients could attempt Stars, eight of
these exhibited neglect on that test.

2 Siroke patients three months after stroke
!table 2)
Twelve of the 13 patients with neglect due to a
right hemisphere stroke sqrvived until follow
up at three months. One patient was too
depressed to be tested. The 11 others were able
to attempt most tests. Both patients who had
originally been unable to do any test died.
Fourteen of the 16 patients with neglect due
to a left hemisphere stroke survived until follow
up at three months. One of the five who had
originally been unable to do any test survived.
T he 15 survivors were able to cooperate on
nearly every test although language difficulty
still prevented some patients understanding
the Coins and Stars test requirements.
Neglect was present in nine patients with a
right hemisphere stroke (75%) and five left
hemisphere stroke patients (33%).
In those with a right hemisphere stroke the
tests most likely to detect neglect were Stars,
Meal, Coins and Newspaper. A Right Hand
Start was present in nine of these patients. In
patients with a left hemisphere stroke the tests
most likely to detect neglect were M enu, Stars
and Coins.

3 Validity of the test battery
T o ascertain the validity of the test battery an
occupational therapist blind to the results of
the battery carried out an assessment on 21 of
the patients, using the following checklist of
“ neglect behaviours” .
1) Did the patient fail to orientate to environ
mental stimuli on the side opposite the cerebral
lesion?
2) Did the patient fail to dress, wash or groom
their contralateral side?
3) Did the patient bump into doorways or
obstacles on the contralateral side, when walk
ing or using a wheelchair? If using the latter,
were they unable to turn contralaterally? If
mobile, did the patient veer diagonally towards
the contralateral side?
4) Could any failure or reluctance to use the
contralateral limbs be attributed to neglect
rather than weakness or apraxia?”
5) Did the patient show lack of awareness of
limbs with poor positioning?"
Four patients (two with a right, two with a
left hemisphere stroke) had no neglect on the
battery and none on the occupational thera
pist’s checklist. T he remaining 17, (12 with a
right, five with a left hemisphere stroke), had
visuo-spatial neglect on the test battery. T h ir
teen of these had neglect on at least three
checklist items, two had neglect on two itemy
(orientation, washing dressing), and oni
neglected on one item (orientation). Oni
patient with marked left visuo-spatial neglec
on the battery, a left homonymous hemianopi:
and no hemiparesis, had no neglect on thi
checklist.

r
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Table 3 S e ve n ty o f nefiect in I / patients with a n g h t hemisphere and m 14 patients
tvith a left hemisphere siroke at three days and at three months after stroke
Rifht hemtspkere stroke
Median score

Left hemisphere stroke
Median score

Test

3 days

3 months

3 days

3 months

Poincing
.Meal
.Menu
Line»
Sur»
Coin»
Headline»
Paragraph
.Article
Lfig

30
30
30
40
30
30
10
40
20
—

00
10
0-0
00
20
20
0-0
0-0
0-0
—

10
00
20
20
30
20

00
00
00
00
00
00

—

—

—

—

—

—

00

0-0

4 Reliability of the test battery
Intcr-observer reliability was established by
the simultaneous scoring of 12 patients (eight
with a right and four with a left hemisphere
stroke) with neglect by two examiners trained
in the administration of the battery.
Each patient was assessed on nearly every
test, although only 11 were able to do Pointing,
Meal, Menu and Stars. There was agreement as
to the presence or absence of neglect in every
test except in Coins in one patient to whom the
newer coins may have been unfamiliar. Both
observers agreed on the graded score on each
test except in Newspaper in one patient who
mumbled inaudibly.

5 Sensitivity to changes in neglect
Table 3 shows the median test scores of those
patients presenting with neglect at three days
after stroke who survived and were able to be
examined at three months. There were 11 with
a right and 14 with a left hemisphere stroke.
At three days neglect was greater in patients
with a right than in patients with a left hemi
sphere stroke, but the difference only reached
significance for Lines (p = 0 04; Mann-Whitney tests). At three months neglect had
declined on all tests in right hemisphere
patients. This was significant at the 0 02 level
for Lines, Stars, and Pointing; and at the 0 05
level for Paragraph. Neglect also declined in
left hemisphere strokes. This was significant at
the 0 01 level for Lines, and at the 0 05 level for
Pointing, Meal, Menu, and Stars (Wilcoxon
tests).

Discussion
The study describes the use of a test battery to
detect, measure and monitor visuo-spatial
neglect. It is relevant, valid, reliable, simple to
administer, sensitive and gives a result that can
be communicated to fellow professionals.”
T he battery includes tests from the B IT
which simulate performance in everyday
activities, for example, reading, looking around
the room, selecting coins, and eating. These
tests would seem more relevant to real life and
may indicate to therapists appropriate areas for
treatm ent." The validity study showed that
16 out of 17 patients with neglect on the
battery, had neglect on the O T checklist. This
method of validating clinical tests of neglect has
been used bv Battersbv et at who found that

neglect on clinical testing did not always gen
eralise to daily activities.-’ ” We observed one
such patient, but cannot say whether such a
discrepancy is an example of a dissociation
between neglect in different tasks."
In 12 patients assessed by two observers, the
reliability of the battery was good with respect
to the presence and severity of neglect in each
test. The tests were easy to administer. The
presence of aphasia was not as great an obstacle
to assessment as had been anticipated for
sufficient gestural comprehension was often
retained. Seven consecutive patients whose
performance was timed completed the battery
in a mean (SD) time of 11 minutes 10 seconds (3
minutes 11 seconds).
T he battery was sensitive to the presence of
visuo-spatial neglect, and to changes in its
severity over time. At three days the incidence
of visuo-spatial neglect was 72% (right hemi
sphere) and 62% (left hemisphere). At three
months the incidence in survivors was 75%
(right hemisphere) and 33% (left hemisphere).
Other studies which have used a simple line
cancellation and figure copying battery’* have
reported a lower incidence of visuo-spatial
neglect in acute stroke. Had Line cancellation
been used as the sole test of neglect the
incidence of neglect would have been 55%
(right hemisphere) and 42% (left hemisphere)
at three days after stroke. At three months the
incidence of neglect would have been only 33%
(right hemisphere) and 0®'o (left hemisphere).
The likely reason for our higher incidence of
neglect is that we used a larger battery and
considered neglect to be present when it
appeared in a single test.” Neglect may be taskspecific.""" Assessment of patients by a larger
battery is therefore more likely to result in the
detection of visuo-spatial neglect than assess
ment by a one or two test battery.’®The use of a
larger battery has a particular bearing on the
detection of neglect in left hemisphere stroke.
Although some patients were unable to under
stand what was required in some tests, they
often understood and attempted others. This
may be why neglect was nearly as common after
left hemisphere stroke as after right. Other
workers have found this'*’®’’ but the classic
view is that neglect is associated almost solely
with right brain damage.”
There is no one standard method of measur
ing neglect.’
^ Some sensitive indicators
in our battery are not scorable on an ordinal
scale, for example Right Hand Start and Crow
ding but they remain useful clinical signs of
neglect, possibly reflecting abnormalities in eye
movements reported in patients with unilateral
brain damage who begin visual search tasks by
exploring ipsilesional space.” ” Expressing the
percentage of items omitted from each test as a
grade on a 0-5 scale is simple and each grade is
easily understood. It avoids giving too much
weight to small changes over time in the raw
score, expresses the result of each test in the
same arbitrary units and enables change to be
monitored. O ur observation that neglect is
more severe in those with a right than in those
with a left hemisphere stroke is consistent with
other reports.” ”
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In conclusion, the battery takes into account
the behavioural inconsistency of neglect and is
suitable for use with patients after an acute
stroke.
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Summary
We studied 171 consecutive patients with an acute hemispheric stroke (69 right hemisphere, 102 left), at
2-3 days post-stroke. A standardized test battery, previously validated in patients with acute stroke, was
used to detect a wide variety of neglect phenomena and related disorders.
Visual neglect was found in 82% of assessable right hemisphere patients and 65% of left hemisphere
patients. Hemi-inattention was found in 70% of right and 49% of left hemisphere strokes. Tactile
extinction was found in 63% of right and 35% of left hemisphere patients; allaesthesia in 57% (right),
and 11 % (left); visual extinction in 23% (right) 2% (left). Anosognosia was found in 28% (right), and 5%
(left); anosodiaphoria in 27% (right), and 2% (left); non-belonging in 36% (right) and 29% (left).
Visual neglect occurred more commonly in left hemisphere stroke than previously reported. Although
neglect phenomena and related disorders were associated with right hemisphere damage, it is possible
that language difficulties obscured their presence in some patients with a left hemisphere stroke.

Introduction

dictor of poor outcome after stroke [2-5].
Patients with the syndrome may require inten
sive rehabilitation programmes [6], but the
natural history of the syndrome in stroke
remains unclear. Furthermore, the incidence of
the various forms of neglect is unknown. Some
studies have excluded patients with left hemi
sphere stroke and others have investigated only
visual neglect.
Visual neglect is the most intensively studied
form of neglect in stroke, yet estimates of its
incidence vary widely (33-85% in right and 024% in left hemisphere stroke) [3-5, 7-10]. It
has been suggested that the classic association of
visual neglect with right brain damage [11]
might be an artefact of the difficulty of assessing
dysphasic patients [5, 12, 13]. Indeed, some

Heilman et ai [1] defined the ‘neglect syn
drome' in patients with a cerebral lesion as
failure to orientate, report or respond to rele
vant stimuli on the side opposite to their lesion.
By definition, neglect cannot be considered
present if the failure to respond can be attri
buted to primary sensory or motor loss. The
syndrome is characterized by several forms of
neglect (neglect phenomena), including visual
neglect, hemi-inattention, sensory extinction,
visual extinction, and allaesthesia [1]. It is often
accompanied by various ‘related disorders’;
anosognosia, anosodiaphoria, non-belonging,
visual-fietd defects, and gaze paresis.
The neglect syndrome is an established pre
[
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studies have found visual negelect to be equally
common in left and right hemisphere lesions
[14-16], This variation is largely due, firstly, to
differences in the timing of examination after
the stroke; secondly, to the use of different tests
to detect visual neglect (which may be task
specific [17,18]); and, thirdly, to the se of small
and insensitive test batteries [14,16].
As part of a larger study describing the
natural history and prognosis of the neglect
syndrome in acute stroke, we sought to estab
lish the incidence of the different forms of
neglect and their related disorders in patients
with left, as well as right hemisphere stroke. All
patients were seen at 2-3 days post-stroke. A
standardized test battery, validated in acute
stroke patients [14] and aged-matched controls
[19], was used to detect neglect phenomena and
related disorders.

had no visible lesion, 37 (29®o) had cortical lesions,
20 (16°o) had deep lesions and 22 (17%) had both.
The 30-day case fatality rate was 27° q.
All patients were assessed for the presence of
neglect phenomena and related disorders using the
following test procedures.

Neglect Phenomena

J. Visual neglect: Patients were considered to have
visual neglect if they ignored relevant contralateral
visual stimuli on a battery of clinical bedside tests.
The battery was a modified form of the Behavioural
Inattention Test [25,26], that had been validated and
standardized in patients with an acute stroke [14],
using data from age-matched controls [19]. It con
sists of the following tests: pointing to objects
scattered around the room; reading a menu; cancel
ling lines on a piece of paper; cancelling stars;
selecting coins from an array on a card; reading a
newspaper article (right hemisphere patients only);
copying a daisy, cube and star from the left-hand side
of the page (left hemisphere patients only). Visual
Methods
neglect was considered present when it appeared in a
Patient characteristics: One hundred and seventy-one single test [14.16], for it may be task specific and may
not be present in all tests at any one time [17,18].
consecutive patients (mean age 72.37 years, SD
2. Hemi-inattention: was regarded as present if the
12.11, range 28-100 years) admitted to St Bartholo
subject's general spontaneous behaviour during
mews and Homerton Hospitals, in the City and*
Hackney Health District, London, with an acute examination suggested an inability to orientate or
hemispheric first stroke were recruited to the study. respond correctly to environmental stimuli on one
side, irrespective of modality (e.g. people approach
All patients were admitted as emergencies under the
ing, noises or activity in the ward). Details of its
care of general physicians, except for one admitted by
assessment are given in a previous study [19].
a geriatrician, and two admitted by neurosurgeons.
3. Tactile extinction: was assessed by the technique
Patients were registered for the study by daily
of
double simultaneous stimulation, giving bilateral
contact with the previous day's admitting medical
stimuli a total of five times [19]. On the basis of ageteam and were first assessed for the study at 2-3 days
matched control data, extinction was considered
post-stroke, by a physician (S.P.S.) who confirmed
present if two or less of the bilateral stimuli were
the diagnosis of stroke, using the WHO definition
correctly identified [19].
[20]. Patten’s criteria were used to define a hemi
4. Visual extinction: was assessed by double simul
spheric stroke [21], Patients with subarachnoid
taneous stimulation in the same way [19].
haemorrhage were excluded from the study, as were
5. Allaesthesia was regarded as present if subjeco
patients whose stroke occurred more than 3 days
consistently attributed sensory stimulation of one
prior to assessment.
side to stimulation of the other or if they consistently
Sixty-nine of the patients (40%) had a right
moved the limbs on one side when requested to move
hemisphere and 102 (60%) had a left hemisphere
the limbs on the other [1]. On the basis of agestroke. Thirteen patients (8"i,) had lacunar strokes;
matched control data, it was considered present if it
11 of the pure motor hemisparesis variety and 2 of the
was elicited on at least two occasions during routine
sensorimotor type [22]. Ninety-one patients (53°o)
sensorimotor testing [19].
were women.
One hundred and twenty-seven patients received a
CT brain scan at 3-5 days, and 44 were assessed by
Neglect-related Disorders
the Guy's Hospital diagnostic score [23] to determine
whether the stroke was haemorrhagic (14 patients) or Anosognosia (denial or lack of awareness of a hemiischaemic (157 patients), according to standard cut paresis), anosodiaphoria (indifference to perceived
off points [24]. Of those who were scanned, 48 (38°o) weakness) and non-belonging (a feeling that an
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affected limb did not belong to the individual) were
assessed using the method described by Cutting [7,
19]. Details of the assessment of gaze paresis and
visual field dejects are given in a previous study [19].
Where dysphasia or impaired consciousness pre
vented assessment of any neglect phenomenon or
related disorder, the patient was considered to be
‘unassessable’ for that neurological deficit. Where
these impaired the assessment of visual fields, the
presence or absence of the blink response to threat
was noted [27], Strategies for testing left hemisphere
patients for visual neglect are described elsewhere
[14].
The association of neglect phenomena and related
disorders with right or left hemisphere damage was
examined using 95% confidence intervals for the
difference between proportions.

stroke in assessable patients. Visual neglect was
found in over 80% of right and in 65% of the
left hemisphere strokes. Hemi-inattention was
present in about two-thirds of right and in half
the left hemisphere strokes. Tactile extinction
was present in two-thirds of right and in a third
of left hemisphere strokes. Allaesthesia was
present in over half the right but in fewer left
hemisphere strokes. Anosognosia was found in
a quarter of right but in very few left hemi
sphere stroke patients.
Neglect phenomena appeared to be more
frequently associated with right hemisphere
damage, as were anosognosia and anosodia
phoria.

Discussion
Results
Table I shows the proportion of patients who
could not be assessed. Patients with a IcÀ
hemisphere stroke appeared more difficult to
assess for visual neglect, tactile extinction,
allaesthesia, anosognosia, anosodiaphoria and
non-belonging, probably due to dysphasia.
Tables 11 and III show the incidence of the
various neglect phenomena and related dis
orders 2-3 days after a right or left hemisphere

This is the first study to report the incidence of
different forms of neglect and related disorders
in acute stroke affecting either hemisphere. We
found visual neglect to be more common than in
other studies of acute stroke [5, 7, 9, 10].
Eighty-two per cent of assessable right hemi
sphere strokes had visual neglect compared
with 70% [5] (95% Cl for difference in propor
tions 3%, 26%); and 43% [10] (95% Cl for
difference in proportions 26%, 53%). Sixty-

ToA/e L Number of patients with right and left hemisphere stroke unable to be
assessed for neglect phenomena and related disorders

Neglect
phenomena or
related
disorders
Visual neglect
Hemi-inattention
Tactile extinction
Allaesthesia*
Visual extinction
Anosognosia
Anosodiaphoria
Non-belonging
Gaze paresis
Visual field defect

No. (%) of unassessable patients
Right hemisphere
stroke (n=69)

Left hemisphere
stroke (n=102)

Difference in
proportions of
unassessable patients
(95% Cl)

8(11)
6( 9)
17(25)
10(15)
9(13)
9(13)
9(13)
14(20)
0 (0 )
8(11)

28 (27)
15(15)
59 (58)
56 (53)
21 (21)
46(45)
49 (48)
54(53)
3( 3)
9(9)

16% (4%, 27%)
6% (-4 % , 16%)
33% (20%, 47%)
40% (27%, 53%)
8% (-4 % , 9%)
32% (20%, 45%)
35% (22%, 48%)
33% (19%, 46%)
3% (-3 % , 6%)
2% (-7 % , 19%)

Assessment of allaesthesia omitted in three patients.
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Table II. The incidence of neglect phenomena in acute stroke

Right hemisphere
stroke
Neglect
phenomenon
Visual neglect
Hemi-inattention
Tactile extinction
Allaesthesia
Visual extinction

Left hemisphere
stroke

Present

.Assessed

Present

Assessed

Difference in
proportions: right
vs left (95% Cl)

50(82%)
44 (70%)
34(65%)
32 (57%)
14(23%)

61
63
52
56
60

48 (65%)
43 (49«b)
15(35%)
5(11%)
2(2%)

74
87
43
46
81

17% ( 3%, 33%)
21% ( 5%, 36%)
30% (12%, 49%)
46% (31%, 62%)
21% (10%, 32%)

Table III. The incidence of anosognosia and related disorders in acute stroke

Right hemisphere
stroke
Related
disorder

Present

Anosognosia
Anosodiaphoria
Non-belonging
Gaze paresis
Visual field defect

17(28%)
16(27%)
20 (36%)
20 (29%)
22(36%)

Left hemisphere
stroke

Assessed

Present

60
60
55
69
61*

3 ( 5%)
1 ( 2%)
14(29%)
25(25°o)
43 (46%)

Assessed
56 .
53
48
99
93*

difference in
proportions right
vs left (95% Cl)
23% (9%, 36%)
25% (13%, 37%)
7% (-1 0 % . 25%)
4% (-1 0 % , 17%)
10% ( - 6 % , 26%)

• Absent.

live per cent of assessable left hemisphere
strokes had visual neglect, compared with 40%
[5J (95% C l for difference in proportions 10%,
41%). It is hard to compare our findings with
those of Cutting [7] who studied stroke patients
with particular reference to anosognosia.
Although he gives an incidence for visual
neglect of 50% in right and 0% in left hemi
sphere stroke, it is not clear how many of these
patients were unassessable for neglect.
Our higher incidence for visual neglect can
probably be attributed to our use of a larger and
thus more sensitive battery [14, 16] than pre
vious studies. Given the poorer prognosis for
patients with visual neglect, and their possible
need for intensive specialized treatment, the
early accurate detection of such patients may
have important implications for allocation of
rehabilitation resources. Had we used, for
example, line cancellation, as our sole test, as
did Fullerton et a i [5], the incidence of visual

neglect would have been identical to that in
their study of acute stroke. T he differential
sensitivity of individual tests will be the subject
of a future study.
Hier et al. [19] reported a similar incidence of
visual neglect to ours in their study of patients
with an acute right hemisphere stroke (85%;
95°o C l for difference in proportions -1 0 % ,
17%), despite using only one test, a drawing
task. However, this figure needs to be inter
preted with caution for the population was
atypical of the general stroke population in that
patients who were obtunded, had a lacunar
infarct or a normal C T brain scan were
excluded. In addition, no data were present
concerning the validity, reliability or control
performance of their drawing task. This is
important because firstly, the interpretation of
drawing taks may be subjective and made
difficult by structural disorganization and other
problems of perception or praxis [13, 28];
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secondly, most patients with a stroke are over
the age of 65 and up to 47®o of controls in this
age group perform poorly on drawing tasks
[29].
We found a higher incidence of hemi-inattcntion in right hemisphere stroke (70“o) than did
Hier et al. (46%) [9] (95% CI for difference in
proportions 4% , 43%). They defined ‘neglect
of left hemispace' as ‘the spontaneous failure to
attend or turn to visual or auditory stimuli
presented from the left’. Our definition was
broader in that it included assessment of eye
movements, mobility, grooming and posture.
This might, in part, explain our higher inci
dence. We found the incidence of hemi-inatten
tion in left hemisphere stroke to be 42%. No
previous study has reported on this variable.
We found tactile extinction in assessable
right hemisphere stroke to be as common as in
the study of Heir et al, [9] (65% vs 63%,
respectively, 95% Cl for difference in propor
tions - 1 8 % , 22%). We found tactile extinction
, in 35% of assessable left hemisphere strokes.
No other study has reported on this variable.
■One study, however, found that in a group of
I patients with mixed cerebral pathology, tactile
‘ extinction occurred after left brain damage but
less commonly than after right brain damage

I [30].
The only study to report the incidence of
, visual extinction after stroke [31] gave a com
bined incidence for assessable left and right
stroke of 11%, similar to our figure of 13%
' (95% C l for difference in proportions - 4 % ,
9%). T he only study of allaesthesia after stroke
was confined to patients with thalamic or putaminal haemorrhage, none of whom had neglect

I

[32].
Of the related disorders, we found anosog
nosia to be less common in assessable right
; hemisphere stroke (28%) than did Cutting
(58%) [7] (95 % C l for difference in proportions
12%, 48%). Anosodiaphoria was however,
more common in our series of assessable right
hemisphere strokes (27%) than in Cutting’s
study (4%) [7] (95% C l for difference in
' proportions 9%, 36%). It is not immediately
!

clear why there should be such variation. Cut
ting developed a formal questionnaire to assess
these disorders, which was used in this study. It
is possible that, in the absence of specific

instructions as to the diagnostic criteria for
these disorders, inter-clinician variability
would arise. Garraway and colleagues have
amply demonstrated this with respect to the
introduction of new assessment protocols for
stroke patients [33]. However, we found the
incidence of anosognosia in assessable left
hemisphere stroke to be similar (5%) to that in
Cutting’s study (14%) (95% C l for difference
in proportions 7%, 24%). T he incidence of
anosodiaphoria in left hemisphere stroke was
also similar in both studies (2% and 10%
respectively; 95% Cl for difference in propor
tions - 5%, 21%). T he similarity may relate to
the difficulties of assessing patients with dys
phasia. Our figure for anosognosia in right
hemisphere stroke was similar to that reported
by Hier et al. (36%) [9] (95% C I for difference
in proportions - 1 0 % , 27%). It is hard to
compare our figure with that of Willanger et al.
who found anosognosia in 25% of right hemi
sphere strokes, for it is unclear how long post
stroke their patients were examined [34].
' T he incidence of a visual-field defect in
assessable right hemisphere stroke (36%) is
similar to that reported by Hier et al. (46%) [9]
(95% CI for difference in proportions - 9 % ,
30%). No other study gives a figure for visualfield defects in acute left hemisphere stroke. It
should be noted that visual-field defects can
occur in the absence of visual neglect and vice
versa [35]. Clinico-anatomical studies have
shown that surgery restricted to medial occipi
tal lobe causes restriction of visual fields but not
visual neglect and that patients with posterior
cerebral infarcts have isolated hemianopia
unless the lesion involves the temporal or
parietal lobes [36-9].
T he incidence of gaze paresis in the present
study was similar for right and left hemisphere
stroke. This fails to confirm the findings of
DeRenzi and colleagues [40], who reported an
association with right hemisphere stroke (35%
right; 21% left). However, it should be noted
that what DeRenzi et al. regarded as the mildest
form of gaze paresis, loss of spontaneous occular scanning movements to the side opposite the
I lesion in the absence of a frank gaze paresis, was
regarded in the present study as a ‘gaze prefer
ence’ [41] and as such, a form of hemi-inatten
tion. It is not clear from their study how many

s . p. S T O N E ET AL,
presented with this form of gaze paresis, so
further comparisons are hard to make.
O ur hnding that neglect phenomena and
most related disorders were associated with
right hem isphere stroke is consistent with m ost
other studies [5, 7,11]. Visual neglect, which is
the only neglect phenom enon to be previously
studied in left hem isphere stroke, was m uch
more common than in earlier studies. However,
we did not replicate the findings of studies th at
reported visual neglect to be equally common in
right* or left-sided lesions. T hese studies were
based either on smaller populations, or on non
acute stroke patients or on groups of mixed,
predom inantly non-vascular pathology [1416]. It is however possible that the association
of some neglect phenom ena and related dis
orders with right hem isphere stroke m ight still
be an artefact of the difficulty of assessing
dysphasic left hem isphere patients (Table I)
[12,13]. None th e less, this asociation is consis
tent with the view that, although both hem i
spheres have the capacity to attend to contrala
teral stimuli, the non-dom inant hem isphere is
specialized for the distribution of sensory atten
tion [42].

6.

7.
8.

9.

10.

11.

12.
13.

14.
Acknovsledgem ents
T h e authors thank D r J. C. M arshall (N europsycho
logy U nit, U niversity of Oxford) for helpful criti
cism; M s P. Patel (D epartm ent o f C om puter Studies,
St Bartholcmew^s Hospital) and M s. Caroline Sabin
(D epartm ent of Public H ealth, Royal Free H ospital)
for statistical analysis and advice.
S.P.S. was supported by a grant from the Chest,
H eart and Stroke Association (BPS, PW H).
References
1. H eilm an K M , W atson R T , Valenstein E. N eg
lect and related disorders. In: Heilman K M ,
Valenstein E, eds. Clinical neuropsychology.
Oxford: Oxford U niversity Press, 198S;243-50.
2. Adams G F , H urw itz L J. M ental barriers to
recovery from strokes. Lancet 1963;ii:532-7.
3. Kinsella G , Ford B. Acute recovery patterns in
stroke patients: neurophychological factors. M ed
7 .4 w t 1980;2:663-6.
4. Denes G , Sem enza C, Stoppa £ , Lis A.
Unilateral spatial neglect and recovery from
hemiplegia: a follow-up study. Brain 1982;105:
543-52.
5. Fullerton K J, M cSherry D. Stout RW. A lbert’s

15.
16.

17.

test; a neglected test of perceptual neglect.
Lancet 1986;i:430-2.
W einburg J, Diller L, G ordon W A, et al. Visual
scanning training effect on reading related tasks
in acquired right brain damage. Arch Phys M ed
Rehabil 1977;58:479-86.
C utting J. T he study o f anosognosia. f Neurol
Neuromrg Psychiatry 1978;41:548-55.
O xbury JM , Campbell DC, O xbury SM . U nila
teral spatial neglect and im pairm ent of spatial
analysis and visual perception. Brain 1974;
97:551-64.
H ier DB, M ondlock J, Caplan LR . Behavioural
abnorm alities after right hem isphere stroke.
Neurology 1983;33:337-44.
Vallar G , Perani D . T h e anatom y of unilateral
neglect after right hem isphere stroke lesions: a
clinical/C T scan correlation study in man
Neuropsychohgia 1986;24;609-22.
Haecen H. Clinical sym ptom atology of right and
left hem isphere lesions. In: M ountcastle VB, ed.
Interhemispheric relations and cerebral dominance.
Baltimore; John Hopkins Press, 1962.
Brain W R. Speech and handedness. Lancet
194S;ii:837-42.
Battersby WS, Bender M R, Pollack M, Kahn
RL. U nilateral 'spatial agnosia* ('inattention') in
patients w ith cerebral lesions. Brain 19S6;79:
68-93.
Stone BP, Wilson B, Halligan P, et al. T h e
assessment of visual neglect in acute stroke. J
Neurol Neurosurg Psychiatry 1991;54:345-50.
A lbert M L. A simple test o f neglect. Neurology
1973;23:658-64.
Ogden JA . A nterior-posterior interhem ispheric
differences in the loci of lesions producing visual
hemi-neglect. Brain Cognit 1985;4:59-75.
De Lacy Costello A, W arrington EK. T he
dissociation of visuo-spatial neglect and neglect
dyslexia. J Neurol Neurosurg Psychiatry

1987;50:1110-16.
18. Halligan PW, M arshall JC , W ade D T . Visuospatial neglect; underlying factors and test
sensitivity. Lancet 1989;il:908-10.
19. Stone BP, Halligan P, W ilson B, M arshall J,
Greenwood RJ. Perform ance of age-matched
controls on a battery of visuo-spatial neglect
J
Neurol
Neurosurg
Psychiatry
tests.
1991;54:341-4.
20. Aho K, Harm sen P, M arquardsen J, Smirnov
VE, Strasser T . Cerebrovascular disease in the
community; results of a W H O collaborative
study. B ull W H O 1980;58:113-30.
21. Patten J. T h e cerebral hem ispheres: vascular
diseases. In: Neurologial differential diagnosis.
London: Harold Starke Ltd. 1978; chap 9.

NEGLECT PHENOMENA IN ACUTE HEMISPHERIC STROKE
22. Fisher CM. Lacunar strokes and infarcts; a
review. Neurology 1982:32:871-6.
23. Allen CMC. Clinical diagnosis of the acute
stroke syndrome. Q J Med 1983;52:515-23.
24. Sandcrcock PAG, Allen CMC, Corston RN, ei
at. Clinical diagnosis of intracranial haemor
rhage using Guy's Hospital score. Br Med J
1986;291:165-7.
25. Wilson B, Cockbum J, Hallingan P. Develop
ment of a behavioural test of visuo-spatial neg
lect. Arch Phys Med Rehabü 1987;68:98-102.
26. Wilson B, Cockbum J, Halligan P. Behavioural
inattention test. Thames Valley Test Company,
34-36 High Street, Titchfield, Fareham, Hants
P014 4AF.
27. Swash M, Mason S, eds. Hutchinson's clinical
methods, 18th edn. London: Bailliere Tindall,
1984.
28. Andrews K, Brocklehurst JC, Richards B,
Laycock PJ. The prognostic value of picture
drawings by stroke patients. Rheumatol Rehabil
1980;19:180-8.
29. Eccles JT. What is normal in the elderly? In:
Wattis jP, Hindmarsh, eds. Psychological aspects
of the elderly, Edinburgh: Churchill Livginstone, 1988.
30. Schwartz AS, Matchok PL, Kreinick CJ, Flynn
RE. The asymétrie latéralisation of tactile
extinction in patients with unilateral cerebral
dysfunction. Brain 1979;102:669-84.
31. Wade DT. An assessment of domiciliary care for
acute stroke. MD thesis; University of Cam
bridge, 1984.
32. Kawamura M, Hirayama K, Shinohara Y,
Watanabe Y, Sugishita M. Alloaesthesia. Brain
1987;110:225-36.
33. Garraway WM, Akhtar AJ, Gore SM, Prescott
RJ, Smith RG. Observer variation in the clinical
assessment of stroke. Age Ageing 1976;5:233-40.
34. Willanger R, Danielsen UT, Ankerhus J. Denial
and neglect of hemiparesis in right sided apo
plectic lesions. Acta Neurol Scand 1981 ;64:31026.

7

35. Halligan PW, Marshall JC, Wade DT. Do visual
field deficits exacerbate visual spatial neglect? J
Neurol Neurosurg Psychiatry 1990;53:487-91.
36. Ishiai S, Furawaka T, Tsukagoshi H. Eye fixa
tion patterns in homonymous hemianopia and
unilateral spatial neglect. Neuropsvchobgia
1987;25:675-9.
37. Weiskrantz L, Warrington EK, Sanders MD,
Marshall J. Visual capacity in the hemianopic
field following a restricted occipital ablation.
Brain 1974;97:709-28.
38. McCauley DL, Ross-Russelt RW. Correlation
of CAT scan and visual field defects in vascular
lesions of the posterior visual pathways. J'Neuro/
Neurosurg Psychiatry 1979;42:298-311.
39. Koboyashi S, Mukono K, Ishikawi S, Tasaki Y.
Hemispheric lateralization of spatial contrast
sensitivity. Ann Neurol 1985;17:141-5.
40. DeRenzi £, Colombo A, Faglioni P, Gilbertoni
M. Conjugate gaze paralysis in stroke patients
with unilateral damage. Arch Neurol
1982;39:482-6.
41. Watson RT, Heilman KM. Thalamic neglect.
Neurology 1979;29:690-4.
42. Mesulam MM. The functional anatomy and
hemispheric specialization for directed atten
tion; the role of the parietal lobe and its connec
tivity. Trends Neurosci 1983;6:384-7.
Authors addresses
S. P. Stone, R. J. Greenwood
Department of Neurosciences,
St Bartholomew's Hospital,
West Smithfield, London ECl A 7BE
P. W. Halligan
University Department of
Clinical Neurology and
Rivermead Rehabilitation Centre,
Oxford
Received in revisedform 3 April 1992

Journal ijf X w okgy, Sturosur^ry, jiu i Psychiatry i9<)2;5S;43l-i3o

431

Measuring visual neglect in acute stroke and
predicting its recovery: the visual neglect recovery
index
SP Stone, P Patel, RJ Greenwood, PW Halligan

Abstract
An overall measure of the recovery of
visual neglect in patients with an acute
stroke is described: The “Visual Neglect
Recovery Index** (VNRI) expresses the
amount ofvisual neglect on a battery of
visual neglect tests as a percentage of
complete recovery from themaximal vis
ual ne^ect measurable. The principles
underlying the development of the index
are «imllartothose involvedinthedevel
opment ofthe Motricity Index forhemi
plegia. A population of 68 survivors of
stroke who presented with visual neglect
at two tothreedayswerefollowedforup to
sixmonths.TheVNRI showedthatneglect
was greater in those with right hemi
spherestrokethaninthosewithlefthemi
sphere stroke and thatrecoverywas most
rapid over the first10days and reached a
plateau at three months. Most patients,
including many with severe inirial visual
neglect, showed little visual neglect at
three months. Stepwise regression analy
sis showed that the severity of visual
neglectatthreemonths and atsixmonths
post-stroke could be predicted by the
severityofvisualneglectand thepresence
of anosognosia at two to three days. A
regression equation was produced which
may enableclinicianstoselectpatientsfor
intensive treatment ofvisualneglect.
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Visual Defect may recover in some padents
with an acute stroke* * but for some it repre
sents a serious rehabilitadon problem.*"* At
present, opinion is divided as to the effective
ness of neuropsychological treatments for visu
al neglect.*"’ To date, no trial has randomised
padents according to prognosis because the
features that predict recovery are unknown.
Knowledge of these are essential to select
comparable groups of padents for controlled
trials o f treatmenc Only then can the best use
be made of intensive rehabilitadon resources.
Some of the reasons why the predicdve
features are unknown are because previous
studies have examined padents at different
times post-stroke, have not used clear definidons of neglect phenomena and have used
different tests to detect visual neglect.*® We
have recendy developed a standardised test
battery for the assessment of visual neglect and
other neglect phenomena in padents with an
acute stroke.'®'* We report the findings of a
study in which padents with visual neglect at
two to three days were followed for up to six

months post stroke. To express performance on
the tests of the battery as a single overall figure,
a visual ne^ect index was developed, which
was then used to predict the severity of visual
neglect at three and six months post-stroke.
The test battery is a modified form of the
Behavioural InanendonTesL**"** Performance
on each test of the battery is expressed as a
grade on a 0-5 scale that reflects the per
centage of items omitted on each test (grade 0:
no neglect grade 1: 0-20%; grade 2: 21-40%;
grade 3: 41-60%; grade 4: 61-80%; grade 5:
81-100%). A lth o u ^, this grading system pro
vides a profile of scores and is sensidve to
change*® it is not as useful as a single overall
score. The simplest soludon would appear to
be to summate and average the graded scores
on the entire battery. This, however, cannot be
done for two reasons. First, these grades are in
arbitrary units of no real value, so they cannot
be treated as continuous variables. Second,
some patients are unable to do all the tests
because of aphasia or drowsiness. Since it
cannot be assumed that each test measures the
same neuropsychological variable,**"** grade
3 neglect on one test may not be equivalent to
grade 3 ne^ect on another.
The problem is similar to that encountered
when trying to express the power loss after
stroke as an overall score. Demeurisse « a/*‘
overcame this problem by developing the
Motricity Index. This converted the arbitrary
0-5 grades of the MRC scale for muscle
movements at individual joints into a single
overall figure expressing the power as a per
centage of “total motor recovery”; 0% repre
sented no recovery and 100% füll recovery
from total hemiplegia. The principles under
lying the development of the motricity index
were used to create an overall measure of visual
neglect recovery, the “Visual Neglect Recovery
Index” (VNRI), from the graded performance
of patients on ihe individual tests in the neglect
test battery. This measure was then used in
predicting recovery of visual neglect.

Method
One hundred and seventy one consecutive
patients with an acute hemispheric first stroke
were examined for evidence of visual neglect at
two to three days post-stroke using the neglect
test battery as described.'® The presence of the
following neglect phenomena and related dis
orders was also assessed using standardised
measures'* and was recorded as present (1) or
absent (0): behavioural neglect, visual extinc
tion, sensory extinction, allaesthesia, anosog-
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nosia'^visualfielddefectandgazeparesis.The TaNe / Doubt* entry taU* for Reading a Menu
patientsage was noted.The severityofpower
Grade neglea « 3 months
losswas assessedusingtheMotricity Index.'*
9
2
5
t
3 4
The level of consciousness was recorded as
Grade neglecr at 3 days
0
S
unimpaired (0),drowsyorcomatose (I).'"
1 0
1
A groupof68patients(34righthemisphere
and 34 lefthemisphere) presentingwithvisual
3
2
t
0
neglect, who survived at least three months
3
12 I
0 0
and whose subsequent course was unaffected
7
4
1 2
0
byotherdiseaseorasecond strokeformed the
I
study population. These patients were re
3 0 0
s
2
2
1
examined at 10 d8\-s,three weeks, sixweeks
and threemonths. Patientswere seen againat
sixmonths but sixwere losttofurtherfollow
up, one diedofotherdisease,one diedofthe enced in progressing bom maximum neÿect
latecomplicationsofstrokeinducedimmobil (grade 5) to no neglect (grade 0), over that
ityandonesufferedasecondstroke.Followup period (Appendix).Thisreladvedifftcqltywas
wasdiscontinuedwhenvisualneglectappeared expressedasapercentagesothat,forexample,
changefromgrade3to2neglectonMenu was
tohave resolved.
Each patient’sgraded scoreon each testof equivalent to progress from 46-67% oftotal
diebatteryatthreedaysand atthreemonths neglectrecovery.
wasrecorded.Threemonthswasdiosenasthe Applyii^thismethodtoalltestsenabledthe
end point because the majority of padents percentage recovery tobe calculatedforeach
make most of their recovery at three grade on each test.The percentage score on
months."*^ If ne^ect had resolved in a eachtestcouldbesummatedandaveragedfor
panent atdireeweeks itwas assumed thatno each padenfs performance over the entire
visualneglectwouldhavebeenpresentatthree batterybecausediemeasurementsoneachtest
were now in equivalent units.This gave an
months.
The batteryincludessixtestswhicharedone overall measure of visual neglect recovery
by both ri^t and left hemisphere stroke whichwascalledthe"VisualNeglectRecovery
padents: indicattng items of food on a plate Index" (VNRI). A padent with maximum
(meal), reading a menu (menu), selecting visualneglecton thebatteryhadaVNRI score
named coinsfrom an arrayon a card (coins), of 0% while a padent with no discernable
pointing toobjectsscatteredround theroom visualneglecthad aVNRI scoreof100%.
- (pointing),cancellinglineson apieceofpaper The correladon oftheVNRI with the per
(lines) and cancelling stars (stars). Perform centage recovery score on individual tests at
threedayswas assessedbyanalysisofvariance
ance on eachwas graded0-5,asabove.'"
For each test a double entry table was andbyleastsignificantdifferenceanalysis.The
.constructed, such as that for Reading the changeinthemeanVNRI valueswithtimewas
Menu (table1).The figuresinthefirstverdcal examined forall68 padentsand forrightand
column referto the number ofpadents who lefthemispherestrokepadentsseparately.
had grade 0, 1,2, 3, 4, or 5 neglect on the Stepwiseregressionanalysiswascarriedout
Menu atthreedays post-strokewho alsohad using the BMOP statisdcal package." The
grade 0 on that test at three months. The independent (predictive) variables were the
second verdcal column gives the number of clinicalassessmentscarriedoutattwotothree
padentswhoseinitialgradewas 0,1,2, 3,4or days post-stroke and the dependent variables
5 and whose finalgrade atthreemonths was (outcomes) were theseverityofvisualneglect
grade 1,andsoon.Using themethod descri atthreemonthsandatsixmonths.Outcomeat
bed forweightingthestages in the Motricity threemonthswaschosenforreasonsexplained
Index,'*thedifficultyexperiencedby individ aboveand thesixmonth outcome was chosen
ualpadentsinprogressing,inMenu, fromone because up to 30% of padents may make
grade to the next overthe firstthree months considerable gains in specified areas of dys
was compared withthetotaldifiScultyexperi- functionbetween threeand sixmonths.'*
.

TabU 2

Value a f each grade an each tett a t a percentage o f total ritual negUct recovery on that test over three months
Fercenote of tool neglect lecovety oo neglect u tis
MENU

G n d e nsusi neglect

MEAL

LINES

STARS

COINS

POINTING

5

0

0

0

0

0

4

25

0

27

J9

0

0

3

44

16

73

30

32

29

2

67

55

73

57

32

89

80

75

86

100

100

100

1Û0

100

100

I

SO

0

100

* > no gnde 1 vmul neglect on meal (re&: 1, 2)
OS n mannnun vnual nepect
100% = no visual neglect

0

M*asunng visual lUgUct in aeuu itrok* and pmJkting iu rteovay: cJu vtsuai n*fi*et necmvrv tndax

Results
1)Percentage recovery represented by each grade
on each test

The percentage recoveryrepresentedby each
gradeoneachofthesixtestsisgivenintable2.
This table,forexample,suggeststhatitisjust
asdifficulttorecoverhorngrade2 asgrade 3
neglect on Line cancellation; that itismore
difficult to recover from grade 3 neglect on
Meal than6t)mgrade3on Linecancellation.
The tablewasusedtosummate andaverage
a patient’spercentagerecoveryscoreon each
testtogiveanoverallmeasureofvisualneglect.
Forexample,apatientwithgrade2neglecton
Meal (55% recovery),grade3on Menu (46%
recovery),andgrade0(100%recovery)onthe
other tests at six weeks post-stroke, has an
averagerecoveryscore(VNRI) of83-5%.
Ifapatientwasabletoattemptonlythreeor
fourtestsbecause ofaphasiaortiredness,the
VNRI was calculatedfromtheresultsofthose
testsasmeasurementswerenow inequivalent
non-arbitraryunitsof“percentagerecovery".
2)Change in VNRI over time
Figure 1 shows a plotofthe mean VNRI at
different time intervalsup to sixmonths for
ri^t and lefthemispherepatientstakensepa
rately.
Visualneglectrecoversmostquicklyoverthe
first 10 days and reaches a plateau at three
mondis. Recovery is significantly greater in
those with a lefthemisphere stroke than in
thosewith a righthemisphere strokeatthree
lao
Î 100

I .
60.

.

»
0

20

40

60

60

100 120 140 160 180 200

F iiurt I Change in visual neglect recovery index aver
tone in patseno aàh
(n - 34) and
( n ^ 34)
hemisphere stroke.
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days (t = 3 23; p < 0-025; n = 68), 10 days
(t = 2 89;
p < 0-05; n
= 64), threeweeks
(t = 2-96; p < 0-025; n = 66), six weeks
(t = 3 7; p < 0-005; n =
66) and three months
(t = 3-55; p < 0-005; n
= 68), but notat six
months (i = 1-94; p = 0-4; n = 62).
The recovery between three days and 10
days is significant for right hemisphere
(t = 5-77; d f= 3 2 ; p < 0-002) and for left
hemisphere strokes (t = 5-43; df = 30;
p < 0-002). Recovery between 10 days and
three months is significant for both groups
(right hemisphere: t = 3 33; df = 32; p < 0*01;
Left
hemisphere;
t = 3-72;
df = 30;
p < 0-002). The change finm three to six
months is significant for r i ^ t hemisphere
(t = 2-57; df = 27; p = 0 04) but not for left
hemisphere stroke (t = 0-93; df = 33; N.S.).
Many patients have little or no residual
visual neglect at three months. This is true even
of the 15 patients presenting with a VNRI of
0-20%, seven of whom attained a three month
score of at least 75% (figure 2). In the whole
population only seven patients had a three
month VNRI of below 60%; all, except one,
had aV N R Iofat least 75%.
3) Corrdadon of VNRI xaish individual test
scores
Change over time in the individual test scores,
taken for all 68 padents, follows a similar
pattern to that for the VNRI as a whole (figure
3). Star cancelladon recovers least At all stages
post-stroke, there was a general trend showing
that as recovery in each test increases so does
recovery over the whole battery as reflected in
the V I ^ , although detailed examinanon
shows wide variation between individuals. Calculadon of correladon coefficients is not valid
because the individual test scores fall into
categorical groups. Analysis of variance is
difficult because some groups are very small.
However, where it was possible ANOVA
showed that at three days there was a sig
nificant difference between the VNRI means
for each level of visual neglect on Meal
(F= 59-27 at 3,46 df) and on Pointing
(F= 27-13, at 3,45 df).This was confirmed by
Least Significant Difference analysis.
4) Prediction of the seventy of visual neglea at
three and six months
At both time points two variables were found
to make an individual independent contribu-
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Figure 2 V'isual neglea recovery index in stroke patienu at 3 days and at 3 months
post-stroke.

Figure 3 Change in individual neglea test scores tsiih
ame.
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non to outcome. These were the severity of
visual neglect and the presence of anosognosia
at two to three days post-stroke. The following
regression equations were derived which relate
the severity of visual neglect at both time
points to the significant predictor variables;
VNRI (3 months) = 67 + 0.4 (VNRI 3
days) - 15 X Anosognosia.
VNRI (6 months) = 74 5 + 0 3 (VNRI 3
days) - 12 X Anosognosia.
The equation for prediction at three months
was based on 55 cases while that for six months
was based on 49 cases. The independent
variables explained 53% of the variance at
three months and 46% at six months. The
similarity of the equations demonstrated the
consistency of the independent variables in
predicting outcome.
Figure 4 shows how the actual and predicted
VNRI scores at three months compare. Pre
dicted and actual scores match well at the
upper end of the VNRI. At the lowest end of
die range, matching is poor, with frequent
over-estimation of recovery. Ttüs was true at six
months as well.
Residuals were plotted against the predicted
values and also against the variables that were
not in the model. Residual analysis showed a
good scatter of results and confirmed that
there were no other significant predictors of
outcome.
Discussion
The VNRI expresses a patient’s performance
on a standardised battery of tests as a per
centage of complete recovery from the max
imum visual neglect measurable. It enables
clinicians to express the severity of visual
neglect as a single figure and may help predict
outcome. It is a better option than summating
and averaging the graded scores of individual
tests because the VNRI expresses each grade in
equivalent units of "neglect recovery” instead
of arbitrary units of no real value. Visual
neglect may be task-specificand the VNRI
may facilitate comparison between perform
ance on different tests. There is reasonable
correlation between individual test scores and
the VNRI, suggesting that if a patient is unable
to do one or two tests because of aphasia or
drowsiness, the VNRI derived from the tests

done by the padent is probably representadve
of their visual neglect on the entire battery. It
could be argued that one test could be as useful
as the entire battery, but recent work has
illustrated the differential sensidvity of individ
ual tests” and stressed that use of only one test
might result in failure to detect a significant
proportion of padents with neglea.” The
index, like the BIT” from which the test
battery was derived, does not specifically latér
alisé the omissions, but in pracdce, only 2% of
test results are not clearly lateralised.
The rate of recovery of visual neglea dem
onstrated by the V I ^ is similar to that
reported for other neurological deficits or
disabilities in stroke” ” and by a much smaller
study of visual neglea which used only one
tesL* Recovery is slower for those with a right
hemisphere stroke and continues between
three and six months. The hemispheric differ
ence in severity is consistent with findings of
other studies.” ” ”
The VNRI at two to duee days and the
presence or absence of anosognosia can be
used to predia the degree of recovery of visual
neglect. These prediaor variables make clinical
sense in that the initial severity of visual n eÿ e a
affects its severity at three months and at six
mondis. The influence of anosognosia on
outcome is of particular interest Patients with
anosognosia had a significantly greater degree
of visual neglea (mean VNRI 34%,SD 38%)
than diose without anosognosia (mean VNRI
62%, SD 31%; t = 12-87. df 53, p < 0-0005).
The presence of anosognosia may therefore be
regarded as an indicator of severe visual
neglect,” and hence, poor recovery, even
though operational definitions of the two
deficits have been shown to be clinically
dissociable.” ” However, in this study, a few
patients with anosognosia had litde visual
neglect
The predictive equations derived are simple
and are consistent for both time points. There
was good matching of actual and prediacd
recovery at the upper range. At the lower
range, however, prediction of the exaa severity
of visual neglea in the worst patients was less
precise. This is likely to be because there were
too few such patients at three months to allow
more accurate stepwise regression analysis.
Nonetheless, of the eight patients with a three
month VNRI of <75%, seven were correctly
prediaed as such and it is fiom this group that
candidates for intensive treatment of neglea
might be expeaed to come. Some of the
inaccuracies in prediction may also reflea the
failure to standardise remedial therapy in the
population studied; hence some patients may
have received more treatment for visual neglea
than others. The best test of the model’s
accuracy would be to carry out the prediction
analysis on a new sample of patients. This
would also demonstrate that the predictive
power of the VNRI was not solely the result of
the statistical tautology inherent in its devel
opment.
Nonetheless, it is apparent that in most
patients visual neglea makes a good recov
ery.' ’ The predictive equations may be of use
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in randomising padents for trials of intensive
treatment of visual neglect. For example, all
but one of those whose VNRI at three months
was <75% had a predicted VNRI of <75% and
it might be from this group of padents that
candidates for such treatment might come.
The current study demonstrates the difficulty
of recruiting sufficient padents for such a trial,
given the generally good prognosis for the
recovery of visual neglect.
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Appendix
Table 1showsthatinReadingtheMenu there
were 8 padents who inidally had grade 5
neglecton thistest.Seven offfiese(3+ 0 + 0
+ 2 + 2) improved over 3 months. The
percentage (X‘) ofthosewho recoveredfrom
grade 5 tograde 4 atsome stage over the 3
months is7/8 % 100%, that is,875%. Sim
ilarly, the number of padents whose initial
grade at 3 days was grade 4 or who had
recoveredfromgrade5to4atsomestageover
the3monffisis7+l+2 + l+ 0+ 3+ 0+ 0
+ 2 + 2 = 18.Sixteenofthese(7+ 1+ 2+ 1
+ 3 + 0 + 0 +2) recoveredfromgrade4to3
at some dme over the 3 months. The per
centage(X^ who recoveredfromgrade4 to3
is, therefore, 16/18 x 100% (that is, 89%).
SimilarpercentagesX ’, X"*, X’ werecalculated
forthepatientsrecoveringfromGrade 3to2,
2 to 1, and 1 to 0 at some stage over 3
months.
Ifeverypadenthadhadgrade5neglectat3
days thepercentage ofthosewho would have
recovered from grade 5 to 0 over 3 mondis
would be
X'

X*

—
X ——
100
100

X’
100

X^

X’

X— —
100

X——
100

,

X .X'.x\ r .X'

_

X■— X

= 58%

10"

The percentage of padents who did not recover
from grade 5 to 4 is 100 - X ‘ from grade 4 to
3 is 100 - X* and so on. The percentage who
would not have recovered from grade 5 to 0
can be given by

100

10*
1 0" - X ' . X \ X \ X \ X"
10"

= 42%

The coefficients D ‘, D \ D ’, D*, D*, compar
ing the relative difficulty in recovering ^ m
grade 5 to 4, grade 4 to 3 etc, with that of total
recovery of neglect from grade 5 to 0 over 3
months are derived as follows;

D'=

Ï21ZX:_____ =
10" - X‘ . X *. X’ . X" . X’

10"
12-5/41-69 = 0-30
100 - X '

D' =

1 0" - X . X \ X \ X" . X*
10"

11-12/41-66 = 0-27
D’ = etc
The relative value of stage 1 of recovery, that
is, recovery from grade 5 to 4, expressed as a
percentage is given by the reladve difficulty of
recovery from grade 5 to 4 divided by the total
difficulty of recovery from grade 5 to 0, that
is.
D*
X

D ' + D* + D" + O'* + D’

100% =
0-3/1-22 = 25%

100% —
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The relative value of stage 2 of recovery—
recovery &om grade 5 to 3 is given by the
relative difRculty of recovery from grade 5 to 4
plus that of recovery from grade 4 to 3 divided
by the total difficulty of recovery from grade 5
to 0 that is
X 100% =

D ' t D" + D’ + D* 4- D’
0-5669/1-2236 = 46%

T.T: r

-ît-i

The relative values of stage 3 of recovery (to
grade 2), stage 4 of recovery (to grade 1) and
stage 5 of recovery (to grade 0) can be similarly
deduced.
By definition, stage 0, that of no recovery
from grade 5, is equal to 0%. For reading the
menu, grade 4 neglect therefore represented
25% of total recovery; grade 3 neglect repre
sented 46% recovery, grade 2, 67%; grade 1,
80%; and grade 0, 100% recovery.
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Perform ance o f age-m atched controls on a battery
o f visuo-spatial neglect tests
S P S to n e, P W H alligan, B W ilson, R J G reen w o o d , J C M arshall

Abstract
Examination of 47 independent elderly
subjects, matched with a population of
patients with acute stroke, found that
55% made at least one omission on a
battery of neglect tests. Up to 43% made
omissions on any one test.Increasing age
and other evidence of cognitive impair
ment were associated with impaired per
formance on the battery. Omissions
were attributed to an age-related decline
in visuo-spatial function. Cut-off points
are provided to distinguish between such
age-related impairment and visuospatial neglect. The importance of agematched control studies in developing
tests of cognitive impairment in stroke
research ishighlighted.
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Patients w ith visuo-spatial neglect due to a
unilateral cerebral lesion ignore relevant
visual stim uli on the side opposite the lesion
when perform ing simple everyday ta s k s .'' A
test battery, the Behavioural Inattention T est
(B IT ), capable of detecting and m easuring
visuo-spatial neglect has recently been
developed.'* It has been modified for use on
patients w ith an acute stroke (see previous
paper). G iven that nearly half of all those
suffering an acute stroke are over 75 years of
age' and that age-related neurological*^ and
cognitive changes" " are com mon, it is neces
sary to know how the norm al elderly perform
on this test battery to interpret the findings
observed in a stroke population of a sim ilar
age. O u r study investigates this question.

Method
Forty seven controls were recruited. T h e
mean (SD ) age of the controls was 7 1 6
(12-77) years (range 34-93). Six subjects were
left handed. E ight had been treated for hyper
tension; none had diabetes. Each was resident
in the C ity and Hackney H ealth D istrict, had
no history o f neurological disease, and was
independent in selfc^re. T h e sample was
recruited from patients in general good health
adm itted for elective procedures or investiga
tions (for example, joint replacem ents, cysto
scopy, lithotripsy) to the urological and
orthopaedic wards of St Bartholom ew ’s hos
pital. P atients with a known neurological or
psychiatric history or with a history of dis
eases know n to have neurological m anifesta
tions (for example, adenocarcinoma of the
kidney, carcinom a of the bowel or lung, were

excluded. T hose at risk of small vessel disease
due to diabetes or hypertension were included
as were those with cardiovascular disease for
these are common disorders w ithin the gen
eral and stroke populations. T h e sample was
matched for age in 10 year cohorts w ith a
population of 160 consecutive patients ad m it
ted to local hospitals w ith an acute stroke,
mean (SD ) age 72-1 (12-6) years.
Subjects were examined for evidence of
neglect phenomena such as visual and sensory
extinction, hem i-inattention and allaesthesia'
and for related disorders (anosognosia,
anosodiaphoria, non-belonging, visual field
defects and gaze paresis).' Each subject was
adm inistered, in the following order, the
modified B IT ; K endrick’s O bject L earning
T est (K O L T ), which is a sensitive m easure of
diffuse brain pathology that correlates w ith
other cognitive assessments;"* H odkinson’s
M ental T e st Score (M T S );" and the G eriatric
Depression Scale (G D S ), w hich has been
specifically developed for elderly people.'^
Power, visual fields, cranial nerve function,
light touch and reflexes were assessed in the
standard m anner at the b ed sid e.'’ P ropriocep
tion was measured by a m ethod similar to that
described by Mayne.'*
“ H em i-inattention”
was
regarded
as
present if the subject’s general spontaneous
behaviour during exam ination suggested an
inability to orientate or respond correctly to
environm ental stimuli on one side (for exam 
ple, people approaching, noises or activity in
the ward).' '* It was also regarded as present
if the subject failed to shave or position their
glasses properly on one side o f their face;'’
consistenly bum ped into obstacles or door
ways on one side when m obile;” '* appeared
unaware of their contralateral limbs and let
them remain in uncom fortable or unnatural
positions.'
“ Sensory extinction” was assessed by the
technique of double sim ultaneous stim ulation
D S S )." Bilateral stim uli were given a total of
five times and the num ber o f correct responses
out of five was recorded. “ Visual extinction”
was also assessed by double sim ultaneous
stimulation on full confrontation testing,
subjects being asked to rep o rt m ovem ent of
the exam iner’s fingers."
“ Allaesthesia” was regarded as present if
subjects consistently
attrib u ted
sensory
stimulation of one side to stim ulation of the
other or if they consistently moved the limbs
on one side when requested to move the limbs
on the other.' T h e n um ber o f times that this
happened during exam ination for sen
sorimotor deficits was noted.

Anosognosia, anosdiaphoria and non-belon
ging were assessed by a modified version of
Cutting’s questionnaire* Gaze paresis was
assessed by the ability of the subject to track a
moving object (the examiner’s finger) from
right to left and back again, using a modified
version of the method by DeRenzi et al.''
The modified Behavioural Inattention Test
is described in the accompanying paper. The
Geriatric Depression Scale (GDS),'^ the
Mental Test Score (MTS)" and Kendrick’s
O bjea Learning Test (KOLT)“ were also
administered.

Results
1)

THE NUMBER OF CONTROLS MAKING OMIS

SIONS ON EACH NEGLECT TEST

The number of controls making omissions
was very small for most tests (table 1). The
exceptions were Star Cancellation and Coin
sorting. Twenty one controls made no omis
sions on any test, 12 made omissions on one
test, 10 on two tests, two on three tests, one on
four tests and one on six tests.

2)

4)

NUMBER OF OMISSIONS ON EACH TEST

Number
making
omissions

Meal (8)
Menu (24)
Lines (36)
S u n (54)
Coins (18)
Pointing (180)
L. Figure (6)

47
47
47
46
46
47
47

2
0
2
20

47
47
43

1
2
4

Range
.

omufloiu
0-1
0
0-4
0-15
0-3
0-50 deg
0

11
1
0

Cut-off
point
2

1
5
16
4
50 deg
0

Newspaper

0-1
0-1
0-6

2
2
7

Age, K O L T score and numbers o f ombsions made by controls on neglect tests

Test

MEAL

1

Nunéer controls
making
onassions

Age

KO LT
score

2

80

25
33
33
22

LINES

1
4

1
1

76
65
78

POINTING

1

50

80

25

HEADLINES 1

1

78

22

P.AR.AGRAPH 1

2

ARTICLE

I
1
1
1

1
2
3
6

Thirteen of 30 controls over the age of seventy
made omissions on two or more tests, com
pared with two of 17 aged seventy or less.
This difference was significant (Chi
square = 4 85, p < 0 05).
In this sample, age had an effect on the
number of missions made on Star cancellation
(fig 1). Nine of the 29 controls over the age of
seventy omitted six or more stars, compared
with one out of the 17 aged seventy or less.
This difference is significant at the 0 05 level
(Chi square = 3 98).
Although not statistically significant, a
similar trend was observed on Coin sorting.
Only 11 controls made omissions. Nine of
them were aged over 70 and only two were 70
years old or less.

For most tests the number of omissions was
very small (tables 1 and 2). Performance on
Star cancellation (range 0-15; mean 2 7; SD
4 2) and Coin sorting (range 0-3; mean 0 4;
SD 0 77) were exceptions. No control made a

NuuAer
controls
tested

Number
omissions

THE INFLUENCE OF AGE ON THE NUMBER OF

THE NUMBER AND DISTRIBUTION OF

SegUct itsi
(maximum number
pouibUomutioru)

TabU 2

3)

OMISSIONS

OMISSIONS ON EACH TEST

TabU I The number o f controb making omissiom on each neglect test, the range of
omissions and cut-off points fo r abnormal visuo-spatial function

a) Headlines (10)
b) Paragraph (5)
c) Article (117)

Right Hand Start on .Menu or Newspaper;
one made a Right Hand Start on Line can
cellation and three did so on Star cancellation.
No control showed crowding on copying the
left figure.

82
74
82
57
82
77
78

11
16
11
24
25
24
22

Other
neglect
scores

Point 50
Surs 3
Coins 1
Coins 2
Stan 2
Stan 13
Coins 2
M eall
Sun 3
Coins 1
Stan 13
Coins 2
Corns 2
Coins 1
Surs 6
—
—

Surs 3
Surs 10
Stars 13
Coins 2

RELATION OF KOLT AND MTS SCORES TO

Declining KOLT scores (mean 31-26; SD
9-77; median 33 0; Q1 24 0; Q3 40 0) were
significantly correlated with increasing age
(r = -0-496; p < 0 01).
Declining KOLT scores were significantly
correlated with an increasing number of omis
sions on Star cancellation (r = - 0 4 7 ;
p < 0-01). Subsequent analysis showed that
there was a cluster of high “star” scores (that is,
six or more omissions) and declining KOLT
scores (less than or equal to 27) (fig 2).
Table 2 shows that controls who made
omissions on Meal, Line cancellation. Point
ing, and all parts of the Newspaper task often
had low KOLT scores (that is, less than 23: ref
22) or borderline KOLT scores (that is, 24-25).
The KOLT score did not correlate with the
number of omissions on Coin sorting, although
four out of six controls omitting two or more
coins had KOLT scores of less than 23, com
pared with three out of 35 omitting less than
two coins.
Thirty eight controls were assessed on the
MTS. Thirty five scored at least nine out of 10.
One scored eight, had a KOLT score of 22 and
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Figure I Relationship bettceen age and the number of
omissions on Star cancellation.
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made four omissions on Line cancellation, one
on Headlines, six on Article, two on Coin
sorting, and 13 on Star cancellation. One
scored six on the MTS, had a KOLT score of
40 but made 13 omissions on Star cancellation
with a Right Hand Start. The remaining con
trol scored five on the MTS, made seven
omissions on Star cancellation but refused to
do the KOLT.

5)

EFFECT OF VISUAL ACUITY ON NEGLECT TEST

OMISSIONS

and made large numbers of omissions on
neglect tests ^for example, three Coins, 15
Stars).
On testing for Sensory Extinction, 35 (75%)
controls scored five out of five on DSS; seven
scored 4/5; three scored 3/5; one scored 2 5 and
one scored 0 5. Some controls scoring less than
five made no omissions on neglect tests and had
normal KOLT scores. Many, however, either
made large numbers of omissions on neglect
tests (for example, eight stars, 13 Stars, two
Coins, 50 degrees on Pointing) or had low
KOLT scores.
No control showed hemi-inattention, allaes
thesia, anosognosia, anosodiaphoria, non
belonging, or gaze paresis.

8)

RELATIONSHIP OF OMISSIONS TO DEPRESSION

Four controls were depressed, with GDS
scores of 5-8. One was aged 72, had a KOLT
score of 14, a visual extinction score of 3/5 and
made three omissions on Coin sorting and 15
omissions on Star cancellation. The other three
were younger, aged 57, 62 and 64, and had
KOLT scores of 23, 23 and 24 respectively.
Two of these made no omissions on any neglect
test and the other made one omission on
Article.

Visual acuity, as measured by the ability to read
small newsprint was adequate in all but four
subjects. Two of these made no omissions on
any other test. A third made one omission on
Coins, one in Paragraph, three on Stars and had
a KOLT score of 11. The fourth made eight 9 ) PARAMETERS OF NORMAL VISUO-SPATIAL
omissions on Stars and had a KOLT score of FUNCTIONING IN THE ELDERLY
21. Poor visual acuity thus remains a possible The controls were regarded as normal by
contributing factor in impaired performance in definition, and the range of omissions observed
a few patients as noted by Eccles.^
(table 1) was taken as the parameters of normal
performance. Scores atove this number of
omissions on any one of the eight tests are
6 ) RELATIONSHIP BETWEEN NEGLECT TEST
considered abnormal. Thus two or more omis
sions on Meal; any omission on Menu; any left
RESULTS
The numbers of omissions made by controls on or right omission on Copying the Left Figure;
Coin sorting and Star cancellation were sig five or more omissions on Line cancellation; 16
nificantly correlated (r = 0 41; p < 0 01). or more on Star cancellation; four or more on
Table 2 shows that controls making omissions Coin sorting; two or more on Headlines; two or
on one test often made omissions on other tests. more on Paragraph; seven or more on Article;
Of the three controls with a Right Hand Start and 50 or more degrees on Pointing was
on Stars, one omitted 13 stars, the second had a regarded as abnormal. Right Hand Start on
Right Hand Start on Lines but made no reading the Menu or Newspaper, and crowding
omissions on any other test, and the third had a of the Left Figures was also considered to be an
indicator of abnormal performance.
Right Hand Start on Stars in isolation.

7)

RELATION OF NEGLECT TEST OMISSIONS TO

NEUROLOGICAL FINDINGS

No control demonstrated any visual field defect,
gaze paresis or cranial nerve palsies (comeal
sensation was not tested). Two controls had
minor signs of pyramidal tract damage without
weakness. One of these omitted part of the
daisy (but in a non-lateralised manner), the
other made one omission on Meal and two on
Coins.
Proprioception scores were 10 out of 10 in all
limbs in 35 controls, and nine out of 10 in nine
controls. One control (with sciatica) scored
eight in one limb.
On testing for Visual Extinction, 44 (94%)
controls scored five out of five on DSS. Two
scored 4/5 and one scored 3/5. Those scoring
less than five all had low KOLT scores (14-21)

Discussion
This group of subjects was selected as a control
group for the stroke population for whom the
test battery is intended. They were as represen
tative as possible of the pre-morbid state of this
local hospital-based stroke population, nearly
all of whom (89%) were active, independent
and living at home. To that end they were
matched for age, and were drawn from the same
geographical area. They were in good general
health, despite being admitted to hospital for
routine repeat checks or other elective
procedures.
This is one of the first studies to investigate
visuo-spatial functioning in the elderly. Unlike
other studies of neurological and cognitive
function in the elderly this study recruited
active and independent subjects, instead of
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medical inpatients,"'^ residents of elderly
people’s homes or institutions."’ In all these
studies, depression, dementia or general illhealth might have affected the results of testing.
Our controls were probably as active and
independent as the “ normal” elderly recruited
from elderly people’s clubs in other studies.“
A community study by Eccles-' of perceptual
function in elderly people found that .various
tests of apraxia and spatial function were per
formed poorly or with difficulty by 18-59% of
subjects. These included tests commonly used
to detect visuo-spatial neglect such as drawing
a clockfacc or a human figure, the Formboard
and the Posting Box. Wade et a! studied the
performance of active independent elderly peo
ple in a number cancellation task designed to
detect visuo-spatial neglect and found that
63% made omissions." Our findings arc consis
tent with the results of both these studies. Fifty
five per cent of our subjects made at least one
omission on the entire battery. On one test,
Star cancellation, 43% of subject made omis
sions. As with the study by Eccles,"" age and
cognitive impairment influenced performance.
The performance of the controls was used to
set the parameters with which to distinguish
between normal and abnormal visuo-spatial
function in the elderly." These parameters
have been used to help define visuo-spatial
neglect in patients with an acute stroke (see
accompanying paper). The parameters of nor
mal visuo-spatial function were set separately
for each test, as visuo-spatial neglect has been
shown to be task specific^ and may appear on
one test but not on another.’ "
An age-related decline in neurological"^ and
cognitive function’ " is well known. Beginning
in their late sixties and seventies,’ elderly
subjects show cognitive changes which often
coexist without significant disease, disability or
handicap’" and the same is true of neurological
changes.’* A recent study of over 2000 elderly
people showed that neurological signs consis
tent with diffuse cerebral disease are common
but, taken in clinical context, are age-related
and not pathological.'
Such changes are often subtle and the con
cept of an “ age-related decline in intellectual
efficiency”” is useful in accounting for findings
such as visuo-spatial impairment, when they
appear in clinical isolation. Visuo-spatial
neglect may be due to a disruption of the
“attention-arousal” system.' “ Attention”
refers to a complex psychological construct”
whose neuro-anatomical pathways may be dif
fusely organised.' ” It is reasonable to suggest
that when the efficiency of this system is affected
by age-related decline, subtle visuo-spatial
impairments may appear on detailed clinical
examination.
This work w « supponed by the Chest. Heart tnd Stroke
.4sfocti(ion ( SPS). We think Dr Ginny W nghi,,Memory Clmic,
Witiington Hospital, London, for advice on screening for
cognitive impairment and depression. Statistical help given by
Panni Patel, Department of Computer Studies, St Bartholo
mew's Hospital. Assistance with graphics was given by Richard
Pottinger, Neurosdences Chief P.MT. St Bartholomew’s Hos
pital.
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