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Abstract

Objective: We report data on the validation and functional correlates of
Apples Test, which attempts to differentiate between different forms of
unilateral neglect.

Method: Study 1 presents data from 28 participants with chronic brain
lesions. The participants completed the Apples Test and another standard
clinical measure of neglect (Star Cancellation). The patients’ performance
relative to 86 age matched healthy controls was assessed, as well as their
relative performance on the Apples and Star Cancellation tests. Study 2
recruited 162 participants within 100 days post stroke from two the local
hospitals. They completed the Apples Test as part of the Birmingham
University Cognitive Screen procedure. We assessed the relations between
the different forms of neglect in this larger group of patients. In Study 3 with
the larger patient group we examined neglect type (as measured by the
Apples Test) in relation to their activities of daily living abilities and affect.

Results: In Study 1 Apples Test scores correlated with Star Cancellation
performance, whilst also differentiating between allocentric and egocentric
forms of neglect. Study 2 confirmed the dissociation from Study 1, whilst
showing that ‘pure’ allocentric and egocentric were equally prevalent after
right and left hemisphere lesions, while the presence of both deficits was
associated with right hemisphere damage. Study 3 showed that each form of
neglect, in isolation and in combination, also correlated with other measures
of cognition. When compared with pure egocentric neglect, allocentric neglect
was associated with a lower Barthel score (p<0.001), while patients with both
forms of neglect had with higher level of depression (p<0.001) than those with
the two pure forms.

Conclusions: We conclude that the Apples test provides a clinically-
applicable measure of egocentric and allocentric neglect and it has predictive
validity for diagnosing components of the neglect syndrome. In addition it is a
useful predictor of functional outcome. We discuss the nature of the two forms
of neglect diagnosed by the test and whether patients with combined
allocentric and egocentric deficits suffer a qualitatively different functional
problem.

Keywords: allocentric neglect, egocentric neglect, Apples Test, functional

outcome, Birmingham University Cognitive Screen



Introduction

Patients with visuo-spatial neglect typically failrespond to stimuli presented on the
side of space contralateral to their lesion. Negkea relatively common consequence
of stroke- occurring in up to 50% of the populatinrthe acute phase, and it tends to
be more prevalent and more severe in patientsngith hemisphere damage (see
Bowen, McKenna & Tallis, 1999, for a systematiciesy, also Beis et al., 2004).
Though often dealt with clinically as a single gieoh, there is mounting evidence
that neglect is heterogeneous both in terms anggomy and the associated cognitive
deficits (for reviews see Milner and Mcintosh, 20Bartolomeo, 2007). For
example, some patients may fail to orient thegraton to the space on the left side of
their body — a disorder we will refer to as egodenteglect. On the other hand, other
patients may neglect one side of each of a sebjetts they try to copy, while still
representing all of the items across a page (Gaigtcdl., 1972) — a disorder we will
refer to as allocentric neglect (see Arguin & BLi893; Driver & Halligan, 1991;

Hillis & Caramazza, 1991; Olson, 2003; Walker & Y 1996). The relation
between different forms of neglect has been coetwial. Thus while some patients
experience both ego- and allocentric neglect,ileedan also occur independently
(Marsh & Hillis, 2008) and even be expressed orogfip sides in patients with
bilateral lesions (Humphreys & Riddoch, 1994; Ricldet al., 1995).

Visual neglect has conventionally been assessed tessts of visual perception and
spatial exploration where the interest focusesherr¢lations between the stimulus
and the patient’s body (Bowen, et al., 1999). Sagdessments include line
cancellation (Albert, 1973), star cancellation (8@, Cockburn & Halligan, 1987),
line bisection (Halligan & Marshall, 1988) and frgucopying (Gainotti et al., 1972;
Ogden, 1985), all of which vary where stimuli amsgioned with respect to the
patient but do not provide measures of allocemeiglect. Several tests of allocentric
neglect have been described in the experimengahtiire (Driver & Halligan, 1991;
Olson, 2003, Kleinman et al., 2007, Savazzi e8l04; Silvetti, Pessa, Doricchi,
2007), but they are not incorporated into standénical tests of neglect. This holds



true even for batteries where multiple measurasegfect are used (e.g., the

Behavioural Inattention Test; Wilson et al., 1987).

One promising test to assess allocentric neglestfingt reported by Ota et al. (2001).
They presented two patients with a page filled wlittwings of either complete
shapes or shapes with a gap on either their riglgfioside. The task was to circle all
the complete shapes and to cancel incomplete shapeg reported that one patient
missed all stimuli on the contralesional side aicrelative to their body, while the
other patient marked stimuli across all areas efptlige but circled items that were
incomplete on the contralesional side. The sastehtes subsequently been exploited
by Hillis and colleagues (e.g., Hillis et al., 200&arch & Hillis, 2008; Medina et al.,
2009). Marsh and Hillis, for example, reported &a3es of ‘pure’ egocentric (failing

to mark on one side of the page), 4 of ‘pure’ aluicic (wrong responses to items
incomplete on one side) and 2 cases where pashotged both problems, in a
consecutive series of 100 acute stroke patienth B8¢a et al. (2001) and Marsh and
Hillis (2008) argued that their test revealed disstions between egocentric and
allocentric neglect within a single administratidfedina et al. (2009) also went on to
examine the neural correlates of egocentric amdatitric neglect using perfusion
imaging (see also Chechlacz et al., in press; fead@l., 2009). Medina et al. argued
that egocentric neglect is associated with abnofumadtion within the supramarginal
and superior temporal gyri, while allocentric neglis associated with dysfunction of
middle-superior occipital regions and posteriorpenal cortices. The study of
Chechlacz et al. (in press) is of particular insérbecause it used the Apples test as
administered here. Using data from chronic caseastfound that egocentric neglect
was linked to relatively anterior lesions includitng superior temporal sulcus, while
allocentric neglect occurred after more posteesrdns including the angular and
middle occipital gyri. Both analyses suggest tlyat-eand allocentric neglect can have
distinct neural markers, consistent with the dissseing functionally distinct.

However, despite the promise of the above redhlésclinical applicability and
reliability of allocentric neglect tests in relatito standardised measurements of
neglect in the literature have yet to be estabtistiealso remains unclear whether
egocentric and allocentric neglect could be distisiged in chronic as well as acute

patients, since nearly all tests of allocentricleeighave focused on acute cases to



date. Finally, visual spatial neglect, if unresmln the earlier days post stroke, has
long been associated with poor functional recoaeny rehabilitation outcome (Denes
et al., 1982; Giaquinto et al., 1999; Halligan &d&burn, 1993; Kalra et al., 1997;
Katz et al., 1999; Paolucci et al., 2001). Suchartgnt clinical implications call for

an early and effective screening for neglect afteyke, to monitor progress and
inform treatments. Yet, we know little about thadtional effects of allocentric
neglect (e.g., its relation to activities of eveaydiving), either when it occurs in

isolation or combination with egocentric neglect.

In the present study, we report the first datahenrelations between egocentric and
allocentric neglect within a single test (the ‘Agpltest’) in both chronic (Study 1)
and acute stroke patients (Studies 2 and 3). ¥éembvide an assessment of our
measures against standard tests in the field asmdsigneasures of functional
outcome and affect (Study 3). The results highligbktdistinction between these two
forms of neglect and the utility of the Apples tastan efficient evaluation of
different forms of neglect.

Development of the Apples Test

Cancellation tasks are the most commonly used siesed for neglect (Bowen et al.,
1999) and can be more sensitive in detecting netflaa other tests such as reading
(Halligan, Cockburn & Wilson, 1991). Cancellatisrused as the response mode in
Ota et al.’s (2001) figurative discrimination taskd we followed this procedure in
setting up the Apples Test. However, in most chhtests (e.g., Star Cancellation
Test from the BIT), patients are only asked to ehaaninority of items on the page
and they should make no response to other (distjatems. In the procedure
originally used by Ota et al. (2001; also HillisNarsh, 2008; Medina et al., 2009;
Verdon et al., 2009), patients were required toermkesponse to all the items present
(circling complete items and cancelling incomplgtienuli). This requirement to
respond to all items may encourage patients tooeglll parts of space, compared to
when they only have to respond to a minority ofjéés. Having to respond to all
items also reduces the direct relations betweetetiteand the standardised forms of
measurement (e.g., Star Cancellation Test). Acnghgiwe adapted the figure

discrimination task of Ota et al. so that partiaiseonly had to respond to the



complete items presented to them, and no resp@tstotbe made to the incomplete
distractors. We defined egocentric neglect on emsbof the differences in target
omissions on the two sides of the page, while alitrtc neglect was defined by the
presence of false positive responses to distraatitihsgaps on one side of the shape.
The use of distractors as well as targets, andspfal/s with relatively dense arrays of
stimuli, resulted in a cancellation task with atelely high attentional load, which
ought to induce visual neglect (Azouvi et al., 2DMWe also made the stimuli into
apples (see Figure 1), to make the test slightlyemderesting and easier to explain

relative to when abstract shapes are employed.

Study 1: The Apples Test vs. Star Cancellation Test with chronic
patients

Study 1 validates the Apples Test against a staisiat test of neglect from the
Behavioural Inattention test (BIT, Wilson et al98F). The Star Cancellation Test is
one of the six conventional sub-tests in the Bifie(kcrossing, letter cancellation,
figure and shape copying, line bisection and regrgional drawing) and it is most
comparable to the Apple Test in terms of the nabfitbe targets and the type of
response required.

Methods

Participants

Healthy control participantsFor the Apples Test, 86 control participants fighale)
with no history of neurological disease were réedithrough patients’ relatives,
personal contact and poster advertisement in publice boards around areas of
Birmingham. The mean (SD) age of the controls @/as (8.4) years (range 47-88).
The mean (SD) years of education was 12.07 (312@3lve participants were left
handed and one ambidextrous.

Brain damaged participant®ll patients participating in the study were rated

from the panel of neuropsychological volunteeralgdgthed in the Behavioural Brain
Sciences Centre at the School of Psychology, Usityeof Birmingham. All patients
provided written informed consent according toettgcs protocols of the UK

National Research Ethics Committee and Birminghamvéfsity Imaging Centre



(BUIC). The patient group consisted of 28 indiatii(mean age (SD) = 65.0 (10.7)
years, range=36-77, mean years of education (SR)813.23)) with chronic
acquired brain lesions. The majority (23/28) @ gatients had a stroke, two had
anoxic brain damage, two had brain infections (phaétis and brain abscess) and
one had dementia. Time after lesion ranged framofths to 16 years. Lesion
information was obtained from either hospital Carscor MRI scans from either the
admitting hospital or from BUIC. Seven of the pats had a left hemisphere lesion,
11 had a right hemisphere lesion and 10 had béblesions. Four patients were left
handed. All patients were assessed by the Birnaimgbiniversity Cognitive Screen

(www.bucs.bham.ac.uk).

Materials and procedures

The Apple test consisted of 150 apples pseudo-ratydecattered on an A4 page
presented in landscape orientation (Figure 1)thdlapples were presented in an
upright orientation.Two thirds of the apples were distractor itemsf(ith an
opening on the left side and half with an openinglee right side), the remaining
were targets (full apples). The page was dividéal angrid with 2 rows and 5
columns (Figure 2) to ensure that the probabibitydmissions showing left vs. right
or upper vs. lower space neglect was balandég grid was not visible to
participants but was designed to ensure an egsiailiition of each type of apple
across the page. Each cell of the grid containeaipptes: 3 large ones (one without
opening, one with an opening on the right side@melwith an opening on the left
side) and 12 small apples (4 without openings,th amn opening on the right side and
4 with an opening on the left side). The large applere 50% bigger than the small
apples. The midline of the page (indicated by albtaangle, see Figure 1) was

positioned at the midline of the patient.

Each patient was asked to cross out all the complgples while ignoring all the
incomplete apples. In order to ensure that patiemtkerstood the task instructions, at
least one practice trial was presented beforeete in the practice trial, stimuli (a
mixture of target and distractor items) were digpthalong the midline of the page
only. This enables even patients with spatial @etglo learn the task. Up to two

practices were allowed, with feedback given atterfirst practice when required. If



the patient failed to understand the task afterpvactices, the test was discontinued.

A maximum of 5 minutes was allowed for the completof the test.

The accuracy score corresponded to the total nuofliargets selected (max.=50).
The asymmetry score for egocentric neglect cormesgo to the difference between
the number of targets selected on the right sidetlae number of targets selected on
the left side (excluding the middle column) (maX0y2Positive values indicate that
more targets were selected on the right than fheitke (left neglect) and negative
values indicate the opposite (right neglect). &kgmmetry score for allocentric
neglect corresponded to the difference betweetotaénumber of distractor apples
cancelled with a left opening and the number cdedelith a right opening (total left
openingminustotal right opening). Again, positive values icated left neglect, and
negative values right neglect. The cut offs, basedcores from the 86 control
participants were as follows: overall accuracyangéts (% percentile cut off) <
42/50; asymmetry across the page (based Bpetcentile or >98 percentile) = <-2
or >2; asymmetry for detecting incomplete applesénl on <8 percentile or >98

percentile) = <-1 or > 1)

For the Star Cancellation Test (Wilson et al., )9&# followed the standard
administration procedure. Patients were askedlexsthe small stars (54 in total)
from amongst the 75 distractors of large starterigiand words. No time limit was
given. The original normative data were obtainedif50 control subjects (mean age
(SD)=58.2 (13.5), range 22-82). Though cut offserngiven for each of the sub-tests
in BIT (including the Star Cancellation Test), @gjldiagnosis of neglect is only
given with theaggregatedotal score from the six sub-tests being lowenthay
control subject (Wilson et al., 1987). Howeveg #uthors later suggested that visuo-
spatial neglect was considered present in patietitey made more omissions any
one testhan the age-matched controls (Stone et al., 199hkthe BIT, the original
cut off for the total Star Cancellation score wa2/%4. A substantially different cut
off for older adults (<39/54, omission of 16 starsnore) was later established from

a group of 47 controls with a mean age of 71.6 (BD#7, range 34-93) (Stone et al.,

! We have reviewed a variety of other scoring meshattluding scaling any asymmetry score by the
number of items completed. However, this ‘normdilisda procedure inflates a small asymmetry score
of patients who make few completions, even if thecdute asymmetry score falls within the normal
range. For this reason, this procedure was not@yral



1991a). The latter cut-off was adopted in thiglgtas the age of that control group

was more comparable to the age of our patient group

On a sub-set of patients we were also able to adtairthe Apples Test twice, to

provide a measure of test/re-test reliability.

Control participants were tested on the Apples dalt; patients were assessed on
both the Apples Test and the Star Cancellation. TEse order of the tests was

randomised for the patients.

Results

Patients’ performance

Overall accuracyhas frequently been used as indicator of negi&¥dsé6n et al.,

1987), and, if not an indicator of neglect, it dosdicate the general (non-lateralised)
ability to direct attention to targets and to igmdistractors. We correlated patients’
overallaccuracy scorebetween the Star Cancellation Test (mean (SD)Z4(642),
range=30-54) and the Apples Test (mean (SD)=4%32], range=30-50). There
was a reliable correlation (r(25)=0.919, p<0.01)jal remained when controlling for
age and handedness (r=0.50, p<(.01)

Using the Star Cancellation Test (cut off 39/54)hes“gold standard”, the Apples
Test demonstrated good sensitivity (100%) and §pigi(59%) (please see
Greenhalgh, 1997, for details of calculation). isTihdicated that, for detecting
general impairments in visual attention, the twaksawere comparable. Interestingly,
the Apples Test appeared to be more sensitiveti@eBtar Cancellation Test in
identifying patients with milder signs of inattemi All patients who were impaired
in the Star Cancellation accuracy score (3/25, 12&¥ also impaired in the overall
accuracy index for the Apples Test, but there v@¢28& (36%) patients who were
impaired on the Apples accuracy score but not ertStiar Cancellation accuracy

score.

Page-based asymmetry scores

2 For all the current results, omitting non-stroletignts made little difference to the results. T
held true for the matching neuroanatomical analyspsrted by Chechlacz et al., in press).



The overall accuracy score alone does not takeaictount the extent of left vs. right
asymmetry in performance. For the Star Cancetialiest, Stone et al. (1991)
suggested that neglect was present if individoalgted more than 15 stars
(accuracy cut off); or for those who omitted betwé@eand 15 stars (performance
above cut off but below ceiling), “if there werel@ast twice as many omissions on
one side of the page as the other” (p.347). W tars a page-base asymmetry. The
present study also adopted this criterion for ttee Sancellation Test to diagnose an
asymmetrical page-based deficit for a given patiéir the Apples Test, a page-
based asymmetry of more than 2 (more omissionb®feft than on the right or vice
versa) was defined as impaired based on theeBcentile level of the age-matched

controls’ performance as described above.

There was a significant correlation (p < 0.001Wesin the page-based asymmetry
scores (the difference between the number of taudgtected on the right side and
those on the left of the page) for the Star andlégppests (r(22)=0.90). This
correlation remained with handedness and lesiansdtialled out (r(22)=0.41,
p<0.05).

There was substantial agreement between the te testhe diagnosis of a page-
based asymmetry (Kappa=0.87, p=0.001) (Mufioz &gdlamala, 1997). Good
agreements were achieved for patients who did i sieglect (i.e. specificity:
Apples Test (page-based asymmetry)=88%) and fa@etiadio showed neglect (i.e.
sensitivity: Apples Test (page-based asymmetry)&d00Table 1 shows details of
the distribution of the diagnoses according tottine tasks.

The data also showed that the diagnostic profiteedavith the type of neglect and
the lesion side. Of the patients who showed ababpage-based asymmetry in both
tasks (N=7), all showed neglect consistently oa side (six with left neglect after a
right hemisphere lesion and one with consisteitt mgglect after a left hemisphere
lesion). These results were not strongly relatetiégpresence of visual field defects,
measured via confrontation testing. Two patients) Wwoth showed left-sided page-
asymmetries in both the Star Cancellation and Appkests, had a left field defect,
but the other patients did not.

10



Judging by the absolute value of their asymmetoyes; the severity of neglect for
patients who failed only one task (group 1, N=3}\ess than that of patients who
failed both tasks (group 2, N=7) (Kruskal-Wallisttegp = .029).

Item-based asymmetry scores (False positivEa)se positives on the Apples Test
can indicate a deficit in spatially attending te features within objects (given the
task to detect a target on the left or right smeg more general failure in selective
attention (responding to a distractor rather thentarget irrespective of where the
distractor differs from the target). General fagsiin selective attention are revealed
in Star Cancellation when patients respond toalisérs; and in the Apples Test
(possibly) when they respond to distractors withpaesional gap or when they
responded equally often to distractors with an@ssinal as contralesional gap. A
problem in allocentric attention will be most clgandicated by an asymmetry score
with more false positive responses expected toadigirs with a contralesional gap in

the Apples Test.

False positives rarely occurred in Star Canceltefid72 by 1 patient) even for
patients with severe neglect. However, false pasiesponses occurred more
generally in the Apples Test (for 13 of the 25 gats), perhaps because of target-
distractor similarity being higher in this task mhia the Star Cancellation Test and the
items being more densely packed. For the Appleddbse positive scores ranged
from 1/100 to 21/100

Relative to the controls, seven patients perforatezh impaired level in terms of
item-based asymmetries (more false positives whemgap was on one side rather
than the other). Five patients showed left allogemeglect and two right allocentric
neglect. One patient with left allocentric neglieat a left visual field deficit; the
other patients had no field deficits.

Test/re-test reliability.
On a sub-set of 20 patients we were able to gigeAhples Test a second time to
provide a measure of the reliability of classifioat There was a concordance rate of

® There were no differences in the relative propasiof large or small apple distractors that were
responded to, either in this study or in Study 2.
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88% on a classification of patients having (or Im@¢ing) egocentric neglect, and a
concordance rate of 94% on classifying patientsaasng (or not having) allocentric

neglect.

Relations between egocentric and allocentric neglec

To assess the relations between egocentric nggidatated by the page-level
asymmetry), and allocentric neglect (indexed byrasgtrical false positive errors),
we correlated the two asymmetry scores for the dpplest. There was a modest but
reliable correlation across the measures (r (288;(0<0.01, with age partialed out).
There were, however, some dissociations acrossmniatiusing cut-off scores from
our norms (see above), two patients had allocengggect only (a significant
asymmetry, compared with controls, on false pasiéxrors) and five had egocentric
neglect only (a significant page-based asymmetmpared with controls). Five
patients presented with significant impairmentsiioth our allocentric and egocentric

measures.

Discussion

These data, on patients with chronic brain lesioniicate that the Apples Test is at
least as sensitive as the Star Cancellation taskddition, the Apples Test offers the
possibility of distinguishing between different ios of neglect within the same task.
Although there was an overall correlation betwdenrheasures of egocentric and
allocentric neglect, we found clear evidence fasdciations between the symptoms,
with one group of patients presenting only with@gdric neglect and a second group
presenting with allocentric but not egocentric eegl These behavioural results
support previous behavioural (e.g., Beis et al0428umphreys & Heinke, 1998;
Marsh & Hillis, 2008; Kleinman et al., 2007; Otaadt, 2001) and neuroimaging data
(Chechlacz et al., in press; Hillis et al., 200%dvha et al., 2009) in demonstrating a
dissociation between allocentric and egocentridagegin addition to differentiating
between the two forms of neglect, the data alswate that the Apples Test is able to
give a reliable classification of patients as hgwach form of neglect, with there
being strong concordance between the classificatypren on two test occasions. In
these data with chronic patients there were na cations between the presence of

neglect and the presence of a visual field defeaanfrontation testing.

12



Aside from these results with the Apples Test, $tudevealed that there as a bias in
the lateralization of egocentric neglect (page-dasymmetries; 9/10 with left
egocentric neglect). However, conclusions fromstuely should be cautious because
the analyses were based on small groups of patien&udy 2 we sought to extend
the first study in two ways: (1) by collecting daieross a larger group of patients,
and (2) by testing patients at an acute stage iwhmonths of their lesion). It is
conceivable that the dissociation between egoeeaty allocentric neglect in

Study 1 reflected the reorganization of attentidoattions over the longer term
(given that the patients all had chronic lesiots5tudy 2 we tested 115 patients with
all the data recorded within 100 days post lesida.also assessed how egocentric
and allocentric neglect, measured by means of pieATest, related to wider
measures of cognition obtained through a broadgmitige screen (the Birmingham
University Cognitive Screen, BUCS). The BUCS pr@#dneasures across five
“cognitive domains”: language, memory, attentiod arecutive function (including
sustained attention and working memory), praxid, mmmber processing, while
additional measures are taken of activities in &y living (Barthel index, Mahoney
& Barthel, 1965) and of affect, particularly anyieind depression (using the HADs;
Snaith & Zigmond, 1994). The data from Study 1 ¢adie that egocentric and
allocentric neglect may dissociate. If this pattsrreplicated with a larger group of
patients here, we may be able to pull apart sulpgrevith relatively “pure”

allocentric and egocentric deficits. Following thige can then test whether patients
with the apparently contrasting forms of negleéfiediin terms of ancillary cognitive
and affective deficits, and also in terms of tlagitivities of everyday living. This is
important both in terms of predicting which patentay have problems in affect and
which have impairments in everyday life. In additioeglect has been associated
with a range of nonspatial as well as spatial d@sfiocluding problems in working
memory (Malhotra, Coulthard & Husain, 2009), susgdi attention, and arousal
(Robertson & Manly, 1998). Here we test whethehsileficits are more apparent in
patients with pure egocentric or allocentric negtegca combined form of neglect, as
well as evaluating whether the severity of eitlwent of neglect is related to the

degree of impairment in working memory, sustaingengion, or arousal.

Study 2: Contrasting two forms of neglect in acute stroke patients

13



Method

Participants

One hundred and fifteen right handed patients wmitateral brain lesion (mean age
(SD)=70.28 (13.87), with an age range betweemt838 years; female= 49/115;
mean years of education (SD)=11.15 (3.03) weredesithin 100 days post stroke
(mean days post stroke=27.42, SD=25.61). The gatweere consecutively recruited
on a Cognitive Screen Project from two local hadptards. CT scans revealed that
56 (48.7%) had left hemisphere lesions, 59 (51.88ht hemisphere lesions. All
participants provided written informed consent adow to the UK National

Research Ethics Committee approved procedures.

Neglect, Cognitive and Functional Assessments
The patients were assessed on the Birmingham Usilyé&ognitive Screen (BUCS,

www.bucs.bham.ac.uk) of which the Apples Test isnéegral part. Apart from

measuring spatial attention (assessed by the Apgstsplus also tests of visual and
tactile extinction), the areas covered by the Bui@@Bide: language, attention and
executive functions, memory, praxis and numbergssing. A brief description of
the tests is provided in the Appendix. The daiWynlg ability was assessed by the
Barthel Activity of Daily Living (ADL) index (Mahory, 1968) and the emotional
well being was assessed by the Hospital Anxietyepression Scale (HADS,
Snaith & Zigmond, 1994).

Testing took place as bedside examinations or bynexng patients in a room on the

stroke ward.

Results

Frequency of deficits

According to the cut off scores from our norms ¢§td) for the Apple Test, 47
(40.9%) patients failed on the overall accuracyecdsing the asymmetry scores as
more specific measures of neglect, 35 (30.4 %gpttishowed egocentric neglect
(26 on the left side and 9 on the right). A similamberof patients (37, 32.1%)

showed allocentric neglect, with the majority shogva deficit on the left side (25

14



patients showed poor detection of distractors witéft gap and 12 had impaired

detection of distractors with a right gap).

Effects of lesioned hemisphere

We next analysed whether there were differencéiseegree of the different forms
of neglect in left and right hemisphere lesionetigmas. Table 2 gives the number of
left and right hemisphere lesioned patients whceveéinically impaired for each
neglect score.

Overall accuracy. In terms of overall accuracyigras with RHD had lower mean
scores (34.31, SD=14.73) than patients with LHD981SD=11.08)(t(113)=3.14,
p=0.002). RHD patients also had a higher incidefémpairment in overall

accuracy (32/59), compared with LHD patients (15{3&1)=8.96, p=0.003). This

indicates that, relative to LHD patients, RHD pat&emay have a generally worse

ability to select targets and not distractors.

Page-based asymmetry. Compared with the LHD patiém RHD patients showed a

more severe page-based asymmetry in detectinggples (4.98, SD=6.22, compared
to LHD: 1.76, SD=2.82, t(113)=-3.62, p<0.001) antdRpatients were more likely

to be classified as having egocentric neglect (RMI%9; LHD:11/564 (1)=9.15,
p=0.002).

ltem-based asymmetry. For allocentric neglectRR® patients had significantly
greater spatial asymmetries in detecting distradi@HD: 3.10, SD=5.22; LHD: 1.25,
SD=(2.33), t(113)=-2.44, p=0.016). However, thees no difference in the
impairment rate (RHD:23/59; LHD:14/5¢°(1)=2.57, p=0.109). Nevertheless, lesion

side predicted the ‘sign’ of the asymmetry (coratalal to lesion side). This was true

for egocentric neglecy{(1)=6.98, p=0.008) but even more so for allocemeglect
(4(1)=15.63, p<0.001).

ANCOVAs. ANCOVAs were conducted to ensure that @sults were not
contaminated by factors known to co-vary with neglaamely working memory,
selective and sustained attention (measures of teesarying non-spatial factors

were derived from the BUCS; see the Appendix).
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Overall accuracy. The effect of lesion side remai(fg1,80)=7.35, p=0.008).

Page-based asymmetry. There remained an effeesiohl side (F(1,80)=8.66,
p=0.004).

ltem-based asymmetry. The effect of lesion side masignificant when the co-
variates were taken into account (F(1,80)=2.71,184).

No significant effect was shown by any of the threeariates on the dependent

variables.

Relations between egocentric and allocentric neglec

There were 18 patients who were classified withhlegfocentric and allocentric
neglect (page-based and false positive asymmet@es)of these patients the
majority (15/18) had unilateral RHD and 3 had LHI.(15/15) of the RHD patients
showed both egocentric and allocentric neglectherldft side. In contrast, two of the
three LHD patients were inconsistent across themwasures on the side where
neglect was expressed; one showed left egocemrglect but right allocentric neglect
and the other showed the opposite pattern. One p&tie@nt had consistent right

neglect.

Strikingly, a larger number of patients classifieith some form of neglect
demonstrated differential impairment (i.e., thegwhd a reliable page-based or false
positive asymmetry, but not both; for 36/54 (67%d)h@ patients with neglect) (see
Table 3). There were no marked differences in tlieggdence of ‘pure’ egocentric or

allocentric neglect in left and right hemispheré&egds.

Relations to field deficits

We also investigated the relations between perfoocm@n the Apples test and
hemianopia among the acute patients. Of 115 paaints tested on Apple, 113 were
also given a simple visual field test (detectingfcontation finger movements) as
part of the BUCS. Five patients had a left fielfideon this task and six a right field

deficit. Of these individuals who failed on theldig¢est, three presented with a pure
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allocentric neglect, one showed pure egocentriteasgghree showed combined
allocentric and egocentric neglect, all on thecé#d side. There is some suggestion
here that a field deficit could contribute to abotric neglect, but there are also cases
(5/11) who had a hemianopia and did not show atitseeneglect. The results do not
suggest that allocentric neglect is necessarikelinto a field defect, while the

presence of a field defect does necessarily prodeagkect symptoms.

Discussion

The data from Study 2 concur with prior trials mowing that visual neglect is
relatively prevalent amongst the acute stroke patpri, with egocentric and
allocentric both being found in around 30% of ocuita population. Interestingly, the
two forms of neglect detected by the Apples tesevegually common. Previously
allocentric neglect has tended to be reportedlatively small scale studies and not
covering a consecutive sample of acute stroke ati®erhaps contrary to the
impression gained from selective case studiesdatar indicate that allocentric
neglect is relatively common. However, there wae &vidence indicating that
egocentric and allocentric can dissociate. Whigegrformance of a third of the
neglect patients showed both the egocentric andeaitric deficits, two thirds of
patients with neglect presented with a clinicajpparent form of one deficit without
demonstrating the other. This pattern of doubleatimtion across the patients
supports other smaller-scale group and single stasky reports (Humphreys &
Riddoch, 1994, 1995; Marsh & Hillis, 2008; Ota kf 2001).

Although hemisphere of lesion was not strongly teethe single forms of the
disorders, right hemisphere patients were mordylitken left hemisphere patients to
show more severe egocentric neglect, and patiatisath sets of neglect symptoms
also tended to have right hemisphere damage. Tdataeare consistent with there
being an underlying functional distinction betwékea processes that contribute to our
measures of egocentric and allocentric neglecalsat greater lateralization
(predominantly right hemisphere) in patients sh@gaoth sets of problems. We
consider these points in more detail in the GerRisdussion.
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Study 3: The relations to tests of other cognitive processes, everyday

activities and affect

Method
The Method was as set out for Study 2.

Results

Functional correlations of egocentric and alloceatneglect

We examined the relations between egocentric dadeditric neglect and (i) more
general aspects of cognitive performance, (ii)grds’ activities of daily living
function and iii) affect (anxiety and depression).

1) Cognitive performance

A priori we would expect the neglect measures toetate with tasks requiring visual
spatial attention (e.g. reading, copying a figubeif, not tasks requiring little spatial

attention (e.g. verbal memory, auditory attenti@rgbles 4 and 5).

Relations to overall accuracy on the Apples test

Using a p-value of <0.001 to correct for multipterelations, we controlled for non-
spatial attention (auditory attention, auditory Wwnog memory) using a generalised
linear model approach, Significant correlationsevieund between overall
cancellation accuracy on the Apples test and tagtkén the language, memory
(orientation) and praxis domains (Table 4). Mahthese components of the BUCS
require visual attention. For example, sentenading in the language domain, the
visual extinction task(ability to detect stimuli on the left/right sidéhen stimuli are
presented bilaterally compared to when they arsgoted unilaterally), the rule

finding task which required following and predigithe movement of a marker

“The neglect measure correlated with left but rgtitrextinction scores could be due to the fact that
right extinction was significantly less severe theifit extinction in both the visual (L: mean(SD)87.
(2.4), R: mean(SD)=7.5 (1.7), t(181)=-2.4, p=0.0&rd tactile modalities (L: mean(SD)=7.0 (2.2), R:
mean(SD)=7.5 (1.7), t(178)=-2.4, p=0.022).
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around a grid as well as gesture imitation andrégropy in the praxis domain (Table
4).

Relations to asymmetry scored on the Apples test

Relative to the wide spread of correlations of tegis in the BUCS with the measure
of overall accuracy on the Apples, the two asymynstores on the Apples test
correlated with fewer sub-tests from the BUCS dmas$¢ correlations were linked
more specifically with visual spatial functioningnterestingly, there were indications
of differential relations between the two measurfaseglect and praxis abilities.
Having controlled for non-spatial attention, egdaerasymmetry score showed
significant relationship with figure copy perforntan(p<0.001) and sign of
correlation with multiple object use test (p=0.Q08hile the allocentric asymmetry
score alone correlated with gesture imitation (f@Q). This pattern suggests
possible distinctions in the functional impact loé two types of neglect on the
abilities of patients to perform everyday action& return to this point in the General

Discussion.

To investigate the potentially different relatidnseveryday function for egocentric
and allocentric neglect directly, the measuresogh@ion were compared between the
groups of patients showing only egocentric negleaty allocentric neglect or both
types of neglect (Table 5). Overall, there waglifi@rence in the percentage of

BUCS task failed across the three groups.

Controlling for effects of lesion side as well aswrspatial attention and working
memory, patients with pure allocentric neglect wiasger in reading, better at figure
copy but worse in gesture imitation than those ithe egocentric neglect. Those
with combined forms of neglect were worse than ¢hegh pure neglect (regardless
of type) in left visual and tactile extinction sesr and figure copy. The combined
neglect group were consistently better than the peglect groups in story recall
(both immediate and delayed) where only auditoiy erbal information was

involved in task presentation and responses.

2) Activities of daily living
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Using a similar Generalised Linear Modelling methodhat described above, we
compared the Barthel index (measuring abilitieeviaryday activities) for patients
who showed only egocentric neglect, only alloceneglect or both types of neglect
As in the analysis of cognitive performance ab@amparisons were made with the
effect of lesion side , non-spatial attention armtking memory partialled out.
Moreover, as motor impairment (the ability to us¢hbhands in multiple object use)
amongst the group who showed neglect had a signifimpact on the Barthel score
(t(46)=4.03, p<0.001), this factor was also entexea covariate in the modelling.
There was a significant main effect of neglect tgyealdy*(2)=150.2, p<0.001).

Post hoc LSD pairwise comparisons showed thatmiatigith “pure” allocentric
neglect were significantly less able in their atiég of daily living (mean (SE)=8.88
(0.24)) than those with “pure” egocentric neglenteén (SE)=12.97 (0.28),
(p<0.001). Patients with the combined disordersgn (SE)=8.96 (0.27) were
disadvantaged when compared with the egocentrileciegroup (p<0.001) but not
the allocentric group (p=0.82).

3) Affect

A similar analysis to that for everyday living wearried out for the HADS measures.
Having controlled for non-spatial attention, workimemory, Barthel score (to rule
out effects of higher functional impairment) andhbasymmetry scores, significant
main effects of neglect types were revealed onee of depression (Wald
v*(2)=48.50, p<0.001) but not anxiety. Post hoc LSBewed that individuals with
the combined disorders were worse off (mean(SEB={029) than both the
allocentric group (mean(SE)=5.13 (0.25), and thecegtric group (mean(SE)=4.55
(0.30) (p<0.001 in both pairwise comparisons). réheas no difference between the

two pure forms of neglect in the level of anxietydepression.

Discussion

The results from Study 3 highlighted the differahéffects of the three
patterns of neglect (allocentric, egocentric ohbpain functional performance,
measured through the BUCS tasks and the BarthekinBgocentric neglect was
associated with slower reading time and reducefbpeance on the figure copy task,
relative to allocentric neglect. The degree of egigc neglect also correlated with

performance on the multi-object use task. In athese tasks, patients needs to
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continuously update representations of severabl/islements/objects that have been
attended (for reading, copying, or using, respetfivto integrate with the
elements/objects still to be attended. Egocengglett may generate problems in
using the separate element/objects to guide atterr problems in keeping track of
attended elements/objects (cf. Malhotra et al. 5208nd either of these problems in
turn will lead to difficulties on the reading, capg and multi-object use task. In
contrast, and surprisingly, allocentric neglect wasociated with poorer imitation of
gesture — even with the degree of motor deficitipléed out across patients. Gesture
imitation requires a number of processes - asdsimjaeparate parts of an actor’s
body, judging movement of the actor’s hand intretato the actor’s body and
maintaining the representation of the whole image&arking memory The coding of
parts to the whole, to integrate the gesture wighdctor’'s body, may tap the same
processes as those required to attend to the mipants of the individual distractors
in the Apples Test, so that patients have diffieslith both tasks following damage
to these processes. Humphreys and Riddoch (1984se Humphreys, 1998)
proposed that egocentric and allocentric negldlgated, respectively, impaired
attention to a ‘between-object’ representatiomaiependent elements and a ‘within-
object’ representations of parts in relation taeecpptual whole. The present data are
consistent with this distinction, with a within-@lot deficit affecting the imitation of
gestures as well as part detection within objdntsontrast, egocentric neglect may
reflect a deficit in attending to and integratirggparate elements in tasks such as
reading, copying complex figures and dealing witlitiple objects.

The combined form of neglect was associated wlitbfdhe tasks affected in
the pure forms of the disorders. In addition, gras with the combined disorder
(primarily RHD patients) were significantly mor&eily to show left extinction in
both visual and tactile modalities than those wither pure allocentric or egocentric
neglect. We believe this is a telling point. Initheeuroanatomical analysis of
egocentric and allocentric neglect, Chechlacz.dirapress) reported that egocentric
neglect along was associated with relatively maotergor lesions including the
superior temporal sulcus. Allocentric neglect alaras associated with more
posterior lesions including the angular gyrus amdidte occipital and temporal gyri.
However, a lesion to the right temporo-parietacpion generated both forms of
neglect. In a follow-up neuroanatomical analysigextinction (using a complete

different set of patients to those reported in $tBithere), Chechlacz et al. (sub.)
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report that extinction is also strongly associatéth damage to the right temporo-
parietal junction, and this produces a multi-matkficit, affecting touch as well as
vision. These results fit with the idea that tight temporo-parietal junction serves
as a supra-modal relay station critical for theedibn of stimuli under conditions of
competition within the frame of what is currentlgibhg attended. Chechlacz et al. (in
press) discuss their results in terms of the motleisual selection put forward by
Heinke and Humphreys (2003) in which stimuli froiffetent spatial positions are
mapped through a common focus of attention, fosegbent detection (see below for
further discussion). The right temporo-parietalgion may be dominant for reading
activity out of this focus of attention, and it rhtgoe biased to favour the left side.
Damage to this region then could lead to poor dieteof the left of individual
objects, of two objects (e,g, under conditionsxtinetion) or of the whole scene,
depending on the span of the stimulus being attknliecording to this argument,
patients showing both egocentric and allocentrglew actually have a different
problem, supported by a distinct neuroanatomichssate, than patients who present
with ‘pure’ forms of each type of neglect. Alterivat accounts of these results are
more difficult to sustain. One argument is thaiqres have both disorders because
they have a larger lesion than patients with ‘péwens of the deficits. However this
fails to account for the differential prevalencelod combined disorder in right rather
than left hemisphere patients — a result thabfitsproposal that the right temporo-
parietal junction is particularly important for eeting stimuli within the focus of
attention. Another account of why the combined iso might be more prevalent in
right hemisphere patients is that large left helmesp lesions lead to patients being
excluded due to an ancillary problem (such as aghddowever, the BUCS is
designed to be highly inclusive for aphasic patiemtd the number of patients
excluded due to severe comprehension problems &rgssmall (<1%). So this too
seems unlikely to be a critical factor.

We also found an unpredicted association betweeprésence of the
combined disorder and superior performance in grbal free recall tasks (where no
visual attention is required). One speculation letbat the presence of a more
severe form of visual neglect may lead to patiafitecating more resources to other
modalities and to non-spatial (linguistic) infornoat, with the result that patients are
better with the combined relative to pure formsieglect. This requires further

investigation.
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Finally, patients with allocentric neglect or coméd neglect were less able in
their activities of daily living (as measured by tBarthel questionnaire) than patients
with egocentric neglect (even with the presendeeofiplegia controlled).

Individuals with the different types of neglect didt differ in terms of their levels of
anxiety. However, the level of depression variéith whe neglect symptoms, with
patients with the combined form being most depksEbese last analyses were
conducted using the degree of motor deficit as-aac@mte, so the differential results
cannot reflect a contrast in the functional proldgratients experience. Nevertheless,
the patients with combined forms of neglect shoeatgr across the board deficits in
relation to their cognitive and functional abilgieelative to the patients with “pure”
egocentric or allocentric neglect, and it would betsurprising were their greater
depression to reflect the decreased abilitiesesdlpatients.

General Discussion

We have reported data showing that the Apples (B@stan be used to measure both
egocentric and allocentric neglect, in both chr@md acute patients, (b) reveals
dissociations between these two forms of neglediffarent patients, (c) correlates
with, and is at least as sensitive as, the clilicihndard test of Star Cancellation
(Wilson et al., 1987), and (d) can be linked toctimnal deficits in patients, including
poor everyday action. The sensitivity of the Applest, alongside its ability to detect
two forms of neglect in a single session, highkgihat the test is clinically useful and
it goes beyond other standardised assessmentgletha the literature by

dissociating different sub-components of the ndglgndrome.

Theoretical accounts of the different types of eetglThe contrast between egocentric
and allocentric neglect can be linked to the disiom between the representation and
exploration of separate objects (‘between-objedirgg) and the representation and
encoding of parts within objects (‘within-objectding’) made by Humphreys (1998).
Egocentric neglect can be considered a probleragresenting multiple distinct
object representations, in using these representato guide attention, and/or in
keeping a memory record of objects that have begpected. Exactly which of these
processes may be affected cannot be judged fromprésent results. Allocentric
neglect can be viewed as a problem in assimilaiarts into a representation of a

single object. Our data, along with previous repoftdissociations across patients,
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indicate that the process of coding parts into dbjes distinct from the representation
and use of between-object representations in $jgxiéoration (see also Marsh &
Hillis, 2008; Ota et al., 2001). A computationataant of this distinction is that
offered by Heinke and Humphreys (2003; see abdve).Selective Attention and
Identification Model (SAIM) is a connectionist framvork in which stimuli are
mapped from the retina through a spatial window (tbcus of attention,” FOA) to
translational-invariant ‘templates’ that recognatgects. When there are multiple
objects present there is competition within a bpically organized selection
network for objects to enter into the FOA. WithinetFOA, visual elements are
represented in their spatial locations in relatmthe object and matched against the
recognition templates. Spatial biases (“negleat®)generated after lesioning either at
the retinal input into the selection network or thi@rmation passed from the
selection network into one side of the FOA. Thstfiesion generates a form of
neglect that varies with the positions of sepaitatas in relation to the body
(egocentric neglect). Lesions affecting input itite FOA, on the other hand, generate
a form of neglect where elements on the affecteéd sf an object are omitted
(allocentric neglect). Recent studies (Chechlaa.e2010; Medina et al., 2009;
Verdon et al., 2009) have examined the neural satlestof egocentric and allocentric
neglect, and in each the results support the arguthat the two disorders are linked
to lesions in different brain regions—with moreeardgr parietotemporal damage
characteristic of egocentric neglect and more pimstparietooccipital damage linked
to allocentric neglect. In Chechlacz et al. (20p@)tjents with both forms of neglect
tended to have damage to a further, distinct 8iteright temporoparietal junction.
Our results are consistent with this in that pasigmesenting with both forms of
neglect tended to have right hemisphere lesionssiiggest that the right
temporoparietal junction may be critical for reagout from the FOA, biasing
processing to the left. Because this read-out gisecommon to information

derived from egocentric and allocentric spatiatrespntations, damage to it will
generate both forms of neglect..

Although we have discussed the Apples test almagusively in terms of the
distinction between allocentric and egocentric aeglan alternative
conceptualization is that the page-centered negidletcts a problem in global space
perception and itembased neglect reflects a probidocal spatial representation.

Halligan and Marshall (1994) proposed that leftlaeigafter right hemisphere

24



damage is brought about at least in part by patieeing impaired at global space
perception in addition to having a spatial biaatiention. This impaired global
perception could be significant for egocentric eeglIn contrast, poor attention to
local spatial areas is associated with left rathan right hemisphere damage (Delis,
Robertson, & Balliet, 1983). If this is coupledapatial bias in selection, then
patients may fail to detect missing parts on ode sif individual objects—the pattern
of allocentric neglect. Now, as we have discustezte are aspects of this local-
global account that overlap with our allocentregocentic proposal. For example,
mapping an egocentric representation of all ofagles on the page into a FOA will
be analogous to forming a global spatial repres@mtamapping single apples into
the FOA would be akin to forming a local spatiginesentation. However, there are
aspects of our data that challenge the local-glpb@losal as a complete account of
performance. To begin with, we used large and sapgdles. In many studies, the
global forms are larger than local forms (e.g., i@\v1977), and hence we might
expect a bias affecting global representationsierge in the omission of large
apples, while a bias affecting more local levelsepiresentation may lead to small
apples being omitted. We found no evidence fortdag based on the sizes of the
stimuli. Against this it could be argued that thebgl or local forms reflect the level
of a hierarchical representation rather than stusigize per se, but then it is not clear
whether detecting complete apples is a more glaisélthan detecting a gap in the
side of the stimulus, given that the gap was pttesethe outer rim of the shape. In
addition, on a global-local account, we would expkat allocentric/local neglect
would be associated with left hemisphere damagesgodentric/global neglect with
right hemisphere lesion. However, the “pure” formhsoth allocentric and egocentric
neglect were not strongly lateralized, with latenaion primarily confined to patients
with both forms of neglect. Further work is neetledistinguish the local-global and
the allocentricegocentric accounts definitively.eGnher theoretical argument is that
allocentric neglect may reflect a gradient of aitamacross egocentric space (e.g.,
Pouget & Driver, 2000). On this gradient accoumeéré would be a bias against
elements on one side of objects, even when thgsetslall in the spared visual
field.

However, this should mean that allocentric neghectessarily co-occurs with
egocentric neglect. Our data do not agree with gien that “pure” forms of

allocentric deficit can be found in individuals rsttowing egocentric neglect (see
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Table 3). Also this gradient account fails to explarior results where opposite
egocentric and allocentric biases have occurred gvthe same patient (Humphreys
& Riddoch, 1994, 1995). We note that we too obsgtvwe patients who presented
with egocentric and allocentric neglect on opposities. As with previous cases, we
suggest that this might reflect undetected bildaenage which affects the
allocentric and egocentric spatial representatmnepposite sides in these
individuals. These results suggest that the twm$oof representation are coded
independently and, from lesion-based analysegfferent brain regions (Chechlacz
et al., 2010).This proposal stands even if eacresgmtation can be fed into a
common FOA which, when damaged, produces combigedeatric and allocentric

neglect (cf. Heinke & Humphreys, 2003).

Patients showing ipsilesional neglebkt.Study 2 we also reported some patients who
showed ipsilesional rather than contralesional extdkhere were 12 patients who
showed “pure” allocentric or egocentric neglect buithe ipsilesional side). It has
been noted before that neglect patients can gengsitesional neglect if they
allocate reduced resources to the contralesioda) Baving insufficient resources
left for the ipsilesional stimuli (Robertson & Feas 1992). The patients who
manifested ipsilesional problems did not diffemfréhe other patients in terms of the
time when they were tested or whether they had @mduced into a rehabilitation
strategy of orienting to the bad side. Our resiidtsndicate that this is not a
particularly rare event and it was no more lik@yotcur in left (seven) than in right
hemisphere patients (five). It would be interestmgxamine whether such patients
do have more awareness of their problems thanmistslowing “standard”

contralesional neglect.

Functional deficitsFinally, previous studies showed that the presefcoeglect is
related to poor long-term outcome in patients (SuBrace, 1999). Our results
concur with this. The presence of either type afi@et was associated with impaired
performance on a range of cognitive tasks, tholiglentric problems linked to
poorer activities of everyday living (as assessethb Barthel questionnaire,
Mahoney & Barthel, 1965) and the combined formejlect was associated with
higher levels of depression (as assessed by theS{SDaith & Zigmond, 1994). This

highlights the overall importance of screeningrieglect to predict outcome in
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patients, and, more particularly, the need to iela measure of allocentric as well as

egocentric deficits within any screen.

Acknowledgements

This work was supported by a programme grant flieenStroke Association and by
adoption from the West Midlands Stroke Researchvizied

27



References

Albert, M. (1973). A simple test of visual negleieurology, 23658-664.

Arguin, M. & Bub, D. (1993). Evidence for an indepkent stimulus-centered spatial
reference frame from a case of visual hemi-neglgaitex, 29,349-357.
Azouvi, P., Samuel, C., Louis-Dreyfus, A., Berndti, Bartolomeo, P., Beis, J.-M. et

al. (2002). Sensitivity of clinical and behavioutasts of spatial neglect after
right hemisphere strokdournal of Neurology, Neurosurgery and Psychiatry,
73,166.

Bartolomeo, P. (2007). Visual negleCurrent Opinion in Neurology, 2@81-386.

Beis, J.-M., Keller, C., Morin, N., Bartolomeo, Bernati, T., Chokron, S. et al.
(2004). Right spatial neglect after left hemisprs&treke.Neurology, 63,
1600-1605.

Bowen, A., McKenna, K., & Tallis, R. C. (1999). Reas for variability in the
reported rate of occurrence of unilateral spatglect after strokestroke, 30,
1196-1202.

Chechlacz, M., Rotshtein, P., Bickerton, W., Han$eg., Deb, S. & Humphreys,
G.W. (in press) Separating grey and white mattbssates of allocentric from
egocentric neglect reveals distinctcortical sited @@mmon subcortical
connectionsCognitive Neuropychology.

Chechlacz, M., Rotshtein, P., Chowdhury, A., Bitker W., Hansen, P.C., Deb, S. &
Humphreys, G.W. (sub) Posterior parietal cortex attkntion networks
interconnected by superior longitudinal fasciculgsipport multi-item
competition: evidence from lesion-sympton mappifigxtinction. Cerebral
Cortex.

Corbetta, M., Shulman, G., Miezin, F. & Petersen(1895) Superior parietal cortex
activation during spatial attention shifts and waisdeature conjunction.
Science, 270802-805.

Delis, D. C., Robertson, L. C., & Balliet, R. (198%he breakdown and rehabilitation

of visuospatial dysfunction in brain-injured pat®rnnt.Rehabil.Med., 5132-

138.

28



Denes, G., Semenza, C., Stoppa, E., & Lis, A. (1988ilateral spatial neglect and
recovery from hemiplegia: A follow up studgrain, 105,543-552.

Driver, J. & Halligan, P. W. (1991). Can visual fexg operate in object-centred co-
ordinates? An affirmative single-case stu@ggnitive Neuropsychology, 8,
475-496.

Gainotti, G., Messerli, P., & Tissot, R. (1972).dltative analysis of unilateral
spatial neglect in relation to laterality of cer@desion.Journal of Neurology,
Neurosurgery and Psychiatry, 3»5-550.

Giaquinto, S., Buzzelli, S., Di Francesco, L., boithi, A., Montenero, P., Tonin, P. et
al. (1999). On the prognosis of outcome after grékta Neurologica
Scandinavica, 10®02-208.

Greenhalgh, T. (1997). How to read a paper: Papatgeport diagnostic or
screening test8MJ, 315,540-543.

Halligan, P. & Cockburn, J. (1993). Cognitive sdgaeof stroke: Visual-spatial and
memory disorder<ritical Reviews in Physical and Rehabilitation Nt=de,
5,57-81.

Halligan, P. & Marshall, J.C. (1988) How long ipiace of string? A study of line
bisection in a case of visual neglgcbrtex, 24,321-328.

Halligan, P. W. & Marshall, J. C. (1994). TowardPAincipled Explanation of

Unilateral NeglectCognitive Neuropsychology, 1167-206

Heilman, K.M. & Valenstein, E. (1979) Mechanismslarying hemispatial neglect.
Annals of Neurology, 5, 166-170.
Heinke, D. & Humphreys, G.W. (2003) Attention, sphtepresentation and visual

neglect: Simulating emergent attentional processdke Selective Attention
for Identification Model (SAIM) Psychological Review, 1109-87.

Hillis, A. & Caramazza, A. (1991). Deficit to stinus-centered, letter shape
representations in a case of "unilateral neglédturopsychologia, 29,223-
1240.

Hillis AE, Newhart M, Heidler J, Barker PB, HersktsvEH, Degaonkar M (2005):
Anatomy of spatial attention: insights from pertusimaging and hemispatial

neglect in acute strok@ournal of Neuroscience,. 23161-3167.

29



Humphreys GW (1998): Neural representation of dbjetspace: a dual coding
accountPhilosophical Transactions of the Royal Societyydan,.B 353
1341-1351.

Humphreys, G.W. & Heinke, D. (1998). Spatial rey@r@tation and selection in the
brain: Neuropsychological and computational caists. Visual Cognition,
5,9-47.

Humphreys, G.W. & Riddoch, M.J. (1994) Attentianwithin-object and between-
object spatial representations: Multiple sites Vmual selection. Cognitive
Neuropsychology, 1207-242.

Kalra, L., Perez, I., Gupta, S., & Wittink, M. (189 The influence of visual neglect
on stroke rehabilitatiorStroke, 28,1386-1391.

Katz, N., Hartman-Macir, A., Ring, H., & Soroker, 1999). Functional disability
and rehabilitation outcome in right hemisphere dgedapatients with and
without unilateral spatial negle@rchive of Physical Medicine and
Rehabilitation, 80379-384.

Kinsbourne, M. (1987) Mechanisms of unilateral eegl In M. Jeannerod (Ed.),
Neurophysiological and neuropsychological aspectfs spatial neglect.
Amsterdam: North ~ Holland.

Kleinman, J., Newhart, M., Davis, C., Heidler-Gaby, Gottesman, R., & Hillis, A.
(2007). Right hemispatial neglect: Frequency aratatterization following
acute left hemisphere strok&xain and Cognition, 6450-59.

Mahoney, F.I. & Barthel, D.W. (1965). Functionala&yation: the Barthel Index.
Maryland State Medical Journal4, 61-65.

Malhotra, P., Coulthard, E.J. & Husain, M. (2009I& of right posterior parietal
cortex in maintaining attention to spatial locataywer timeBrain, 132,645-
660.

Marsh, E. B. & Hillis, A. E. (2008). Dissociatioretween egocentric and allocentric
visuospatial and tactile neglect in acute strakertex, 44,1215-1220.

Medina J, Kannan V, Pawlak M, Kleinman JT, NewhdtDavis C, Heidler-Gary
JE, Herskovits EH, Hillis AE (2009): Neural Substsaof Visuospatial
Processing in Distinct Reference Frames: Eviderara fUnilateral Spatial
Neglect.Journal of Cognitive Neuroscence, 20,73-2084.

Milner, A. & Mclintosh, R. (2005). The neurologidasis of visual neglecCurrent
Opinion in Neurology, 18748-753.

30



Mufoz, S. R. & Bangdiwala, S. I. (1997). Interptieta of Kappa andB statistics
measures of agreemedaurnal of Applied Statistics, 2405-111.

Ogden, J. (1985). Anterior-posterior interhemisphdifferences in the loci of lesions
producing visual heminegledrain and Cognition, 459-75.

Olson, C. (2003). Brain representation of objectte space in monkeys and
humansAnnual Review - Neuroscience, 3381-354.

Ota, H., Fuijii, T., Suzuki, K., Fukatsu, R., & Yadai, A. (2001). Dissociation of
body-centered and stimulus-centered representahanslateral neglect.
Neurology, 572064-2069.

Paolucci, S., Antonucci, G., Grasso, M. G., & Pmgglio, L. (2001). The role of
unilateral spatial neglect in rehabilitation offridorain-damaged ishemic
strple patients: A matched comparis@inchive of Physical Medicine and
Rehabilitation, 82743-749.

Pouget, A, & Driver, J. (2000) Relating unilatenaiglect to the neural coding of
spaceCurrent Opinion in Neurobiology,0, 242-9.

Riddoch, M.J., Humphreys, G.W., Luckhurst, L. Buigbs, E. & Bateman, A.
(1995). "Paradoxical neglect”: Spatial represémat hemisphere-specific
activation and spatial cueingognitive Neuropsychology, 1269-604.

Roberston, I. & Manly, T. (1998) Sustained attemtateficits in time and space. In
G.W. Humphreys, J. Duncan & A.. Treisman (Edafdtention, space and
action: Studies in cognitive neuroscience. (pp.-32@) Oxford University
Press: Oxford.

Savazzi, S., Neppi-Modona, M., Zettin, M., GindRi, & Posteraro, L. (2004).
Object-centred neglect for non-verbal visual stim@ognitve Brain
Research, 1834-241.

Silvetti, M., Pessa, E., & Doricchi, F. (2007). @tj-centred neglect: Simulation with
head-centred coding based on Gaussian gaze-depemasn
Neuropsychologia, 42553-2560.

Snaith, R.P. & Zigmond, A.S. (1994) The Hospitalxfgty and Depression Scale.
NferNelson, London.

Stone, S.P., Wilson, S., Wroot, A., Halligan, P.\Aange, L.S., Marshall, J.C. &
Greenwood, R.J. (1991). The assessment of visumakpaglect after acute
stroke.Journal of Neurology, Neurosurgery and Psychighy, 345-350

31



Subbiah, I. & Caramazza, A. (2000). Stimulus-cesdereglect in reading and object
recognition.Neurocase, 6]13-31.

Suhr, J.A. & Grace, J. (1999) Brief cognitive sciieg of right hemisphere stroke
relation to functional outcomeArchives of Physical Medicine and
Rehabilitation 80, 773-776.

Verdon, V., Schwartz, S., Lovblad, K-O., HauertAC& Vuilleumier, P. (2009)
Neuroanatomy of hemispatial neglect and its fumeticomponents: A study
using voxel-based lesion-symptom mappBain, 22 Dec, doi:
10.1093/brain/awp305.

Walker, R. & Young, A. (1996). Object-based neglect investigation of the
contributions of eye movements and perceptual cetigpl. Cortex, 32 279-
295.

Wilson, B., Cockburn, J., & Halligan, P. (1987).\@®mpment of a behavioural test of
visuo-spatial neglecArchive of Physical Medicine and Rehabilitation, 88-
102.

32



Table 1 Distribution of the 25 patients accordiodghe page-based asymmetry

diagnosis profile between the Star CancellationApples tests (%)

Diagnosis

%

Impaired in both
Spared in both

Impaired in Star Cancellation Test only

Impaired in Apple Test only

Total agreement

Kappa

28
60
0
12

88
0.87 (p=0.001)
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Table 2 Distribution of patients with impairmentsthe Apples Test separated by

type of neglect (egocentric and allocentric) arsidle side (Study 2)

% (n) Impaired

LHD RHD Total
(N=56) (N=59) (N=115)
Accuracy 26.8 (15) 54.2(32) 40.9 (47)
L egocentric/page-based Apple 8.9( 5 35.6 (21) 22.6 (26)
asymmetry
R egocentric/page-based Apple 10.7 ( 6) 51( 3) 7.8 (9)
asymmetry
L allocentric/false positive Apple 7.1( 4) 35.6 (21) 21.7 (25)
asym.
R allocentric/false positive Apple 17.9 (10) 34( 2 10.4 (12)

asym

LHD: left hemisphere damage, RHD: right hemispliamage.
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Table 3 Number (percentage) of dissociations betvyedients classified with

egocentric and/or allocentric neglect (Study 2)

Neglect n(% )LHD n(% ) RHD
Diagnosis (N=56) (N=59)
Allocentric only L 3(54 6 (10.2)
R 8 (14.3) 2( 3.4

Egocentric only L 4(7.1) 6 (10.2)
R 4(7.12) 3(5.1)

Both L 15 (25.4)
R 1(1.8)

LE & RA* 1(1.8)

RE & LA* 1( 1.8)

Neither 34 (60.7) 27 (45.8)

*E: egocentric; A:allocentric
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Table 4 Correlations with BUCS tasks (controlling fesion side L,R & B)

Cfg?tlgggg Controllin_g for lesion s_ide, non-spatial
side attention and working memory
Overall Egocentric Allocentric Overall Egocentric Allocentric
Domain accuracy  asymmetry  asymmetry accuracy  asymmetry  asymmetry
df from 91 to 112 df from 85 to 100
Language Instruction comprehension 0.27 -0.14 -0.15 0.20 -0.04 -0.09
Picture naming 0.28 -0.05 -0.05 0.19 0.09 0.04
Sentence construction 0.45* -0.05 -0.05 0.40** 0.05 0.01
Sentence reading (accuracy) 0.41* -0.25 -0.17 0.35** -0.15 -0.09
Sentence reading (time) -0.26 0.13 0.02 -0.27 0.10 -0.02
Nonword reading (accuracy) 0.29 -0.10 -0.07 0.22 0.00 0.00
Nonword reading (time) -0.26 0.08 0.07 -0.27 0.06 0.06
Word writing 0.38** -0.21 -0.22 0.30 -0.05 -0.12
Memory Time & space orientation (mc) 0.41* -0.12 -0.05 0.36** -0.07 -0.02
Story free recall (immediate) 0.01 0.04 0.04 -0.12 0.19 0.14
Story recognition (immediate) 0.19 -0.14 -0.03 0.08 0.02 0.11
Story free recall (delayed) 0.12 -0.02 -0.02 -0.01 0.15 0.09
Story recognition (delayed) 0.20 -0.16 -0.05 0.11 -0.02 0.07
Task recognition 0.26 -0.14 0.01 0.17 0.00 0.13
Extinction Left unilateral (visual) 0.46** -0.39** -0.34* 0.45* -0.37* -0.33**
Right unilateral (visual) 0.04 0.03 -0.06 0.02 0.06 -0.04
Left bilateral (visual) 0.58** -0.55* -0.49** 0.55* -0.51* -0.47*
Right bilateral (visual) 0.06 0.00 -0.07 0.04 0.03 -0.05
Left unilateral (tactile) 0.08 -0.11 -0.21 0.09 -0.12 -0.22
Right unilateral (tactile) 0.17 -0.07 -0.05 0.17 -0.06 -0.05
Left bilateral (tactile) 0.43* -0.34* -0.41% 0.40** -0.29 -0.37*
Right bilateral (tactile) 0.10 0.05 -0.04 0.07 0.11 0.00
Contrglled Rule finding accuracy 0.45** -0.33* -0.27 0.42* -0.25 -0.21
attention
Rule finding (number of rules 0.43* -0.31% -0.24 0.39** -0.23 -0.18
detected)
Auditory attention accuracy 0.24 -0.30 -0.21
Auditory working memory index 0.04 -0.18 -0.16
Praxis Figure copy 0.73* -0.46** -0.36** 0.70** -0.39* -0.31
Multiple object use 0.42* -0.37* -0.18 0.35** -0.30 -0.12
Gesture production 0.28 -0.15 -0.05 0.16 0.02 0.07
Gesture recognition 0.26 -0.14 0.00 0.20 -0.01 0.12
Imitation 0.43* -0.35%* -0.39** 0.36** -0.2 -0.35%
Number Number reading 0.48** -0.22 -0.12 0.41* -0.10 -0.02
Number writing 0.39** -0.23 -0.15 0.30 -0.04 -0.02
Calculation 0.24 -0.23 -0.15 0.15 -0.08 -0.03

**significant at 0.001. The degrees of freedom gdrsince not all sub-tests of the BUCS could be
completed with all patients.
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Table 5 Comparisons of cognitive performance betwesients with allocentric

neglect, egocentric neglect or both types of neglec

Wald's Post hoc
2

Neglect Type

Egocentric Allocentric Both X LSD
Est. Mean (SE) Est. Mean (SE) Est. Mean (SE) p
Max N 14 17 17
Domain Cognitive tasks
Language Picture naming 10.31 (0.89) 8.24 (0.67) .47.10.82) NS
Sentence construction 6.69 (0.72) 5.73 (0.62) o) NS
Sentence reading accu. 36.08 (1.67) 32.13(1.42) .1230.33) NS
Sentence reading time 56.77 (2.09) 33.08 (1.60) 13341.46) <0.001 E>B
E>A
Nonword reading accu. 3.92 (0.55) 3.50 (0.47) 4.24 (0.50) NS
Nonword reading time 26.00 (1.41) 22.38 (1.31) 271.18) NS
Word writing 2.42 (0.45) 1.75 (0.33) 2.67 (0.42) SN
Memory Orientation time & 5.50 (0.63) 5.47 (0.57) 5.47 (0.57) NS
space
Immediate story free 7.08 (0.28) 6.23 (0.26) 8.21 (0.24) <0.001 B>A,
recall B>E
Immediate story recogn. 11.57 (0.91) 11.82 (0.83) 12.71 (0.87) NS
Delayed story free recall 6.54 (0.28) 5.68 (0.27) 9.09 (0.24) <0.001 B>A,
B>E
Delayed story 13.08 (1.00) 12.18 (0.85) 12.82 (0.87) NS
recognition
Task recognition 8.33 (0.83) 8.83 (0.86) 9.1779.8 NS
Extinction Left visual extinction 6.57 (0.69) 7.40.66) 2.41(0.38) <0.001 A>B,
E>B
Right visual extinction 7.93 (0.75) 6.41 (0.61) 8(0(67) NS
Left tactile extinction 6.29 (0.67) 6.94 (0.66) @.0.49) =0.001 A>B,
E>B
Right tactile extinction 8.00 (0.76) 6.94 (0.66) g(8.68) NS
Controlled Rule finding accuracy 2.71 (0.44) 3.47 (0.45) 32494) NS
attention
Praxis Figure copy 28.15 (0.28) 30.67 (0.26) 25.00 (0.250.001 A>E>B
Multiple object use 8.77 (0.82) 8.88 (0.72) 8.27740 NS
Gesture production 10.00 (0.88) 9.12 (0.73) 100339) NS
Gesture recognition 4.54 (0.59) 4.44 (0.53) 5.084p NS
Gesture Imitation 8.54 (0.28) 6.87 (0.26) 8.0040.2 <0.001 E>A,
B>A
Number Number reading 7.17 (0.77) 6.50 (0.68) 6.20 (0.64) NS
Number writing 3.42 (0.53) 2.31(0.38) 3.69 (0.53) NS
Calculation 1.83(0.39) 2.60 (0.42) 2.31 (0.42) NS

A: Patients with allocentric negect
E: Patients with egocentric negect
B: Patients with both negect types
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Figure 1: Apple Cancellation sheet
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Appendix: The Birmingham University Cognitive Screen (BUCS)

Table Al: Description of tasks included in BUCS

Cognitive areas: Cognitive impairments: Tasks Measures
Language* Speech Picture namin
guag P 9 Accuracy
Sentence construction
Accuracy
Readin Sentence readin )
9 9 Accuracy & Time
Nonword reading .
Accuracy & Time
Writing Word/nonword writing
Accuracy
Mathematical/Number Number reading Number reading
abilities Accuracy
Number writing Number writing
Accuracy
Calculation Calculation
Accuracy
Praxis/control and Visuo-constructive Figure copy
planning of action Accuracy
Gesture recognition Transitive/intransitive gestur
recognition Accuracy
Gesture production Transitive/intransitive gesture
production Accuracy
Gesture imitation Meaningless gesture imitation
Accuracy
Action planning & organisation  Multi-object use
Accuracy

Memory

Attention and

executive functions

Orientation

Episodic memory

Spatial neglect

Extinction

Auditory attention

Executive function

Personal information

Orientation in time and space

Story recall

Task recognition
Apples cancellation

Visual extinction

Tactile extinction

Auditory attention test

Birmingham rule finding and
switching

Free recall accuracy
Free recall accuracy

Multiple choice accuracy

Story free recall (immediate) accuracy

Story recognition (immediate)accuracy

Story free recall (delay) accuracy

Story recognition (delay) accuracy
Accuracy

Accuracy

Full apples asymmetry
Incomplete apples asymmetry

Left unilateral pept#on (visual)
Left bilateral perception (visual)
Right unilateral perception (visual)
Right bilateral perception (visual)

Left unilateral perceptiondtite)
Left bilateral perception (tactile)
Right unilateral perception (tactile)

Right bilateral perception (tactile)

Accuracy
Sustained attention index

Working memory

Accuracy

Number of rules detected

*Instruction comprehension is assessed acroskd: t@sientation, Sentence construction, Auditotgrtion and Birmingham rule finding and switchin
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Note. The BUCS was designed to provide a set afdthbut shallow” measures of
cognition. Table A1 summarizes the cognitive amagred and lists the tasks that
are part of the screen. The tests are laid ou¢ tméglect friendly” by, where
possible, using vertical rather than horizontahagements of stimuli and cueing
patients to attend to stimuli when the tests areiadtered. Furthermore, when tests
do not target language, these are designed todtesea friendly,” through the use of
high frequency and short words that aphasics lee¢ylio be able to process and
where possible by presenting stimuli both visuatyg verbally, and where possible
we use forced-choice administrative proceduresitonize problems resulting from

poor word finding.
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