W) Check for updates

Original Research Article

Neurorehabilitation and
Neural Repair

Recovery of Visuospatial Neglect Subtypes 20210100 119
and Relationship to Functional Outcome Six E
M O n t h S Afte r St ro ke ?agzgjbrsnglj?)ﬂs:;z?:érmissions

DOI: 10.1177/15459683211032977
journals.sagepub.com/home/nnr

OSAGE

Margaret J. Moore, BSc ! , Kathleen Vancleef, PhD *, M. Jane Riddoch, PhD?,
Celine R. Gillebert, PhD 2, and Nele Demeyere, PhD *

Abstract

Background/Objective. This study aims to investigate how complex visuospatial neglect behavioural phenotypes predict long-term
outcomes, both in terms of neglect recovery and broader functional outcomes after 6 months post-stroke. Methods. This study
presents a secondary cohort study of acute and 6-month follow-up data from 400 stroke survivors who completed the Oxford
Cognitive Screen’s Cancellation Task. At follow-up, patients also completed the Stroke Impact Scale questionnaire. These data
were analysed to identify whether any speci ¢ combination of neglect symptoms is more likely to result in long-lasting neglect or
higher levels of functional impairment, therefore warranting more targeted rehabilitation. Results. Overall, 98/142 (69%) neglect
cases recovered by follow-up, and there was no signi cant difference in the persistence of egocentric/allocentric (X? [1] = .66
and P = .418) or left/right neglect (X? [2] = .781 and P = .677). Egocentric neglect was found to follow a proportional recovery
pattern with all patients demonstrating a similar level of improvement over time. Conversely, allocentric neglect followed a non-
proportional recovery pattern with chronic neglect patients exhibiting a slower rate of improvement than those who re-
covered. A multiple regression analysis revealed that the initial severity of acute allocentric, but not egocentric, neglect
impairment acted as asigni cant predictor of poor long-term functional outcomes (F [9,300] = 4.742, P < .001 and adjusted R* =
.098). Conclusions. Our ndings call for systematic neuropsychological assessment of both egocentric and allocentric neglect
following stroke, as the occurrence and severity of these conditions may help predict recovery outcomes over and above stroke
severity alone.
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Introduction visuospatial neglect impairmeéht° This particularly robust

, . . , effect has been documented across multiple different time-
Visuospatial neglect is a common neuropsychological syrojneg using a wide range of functional outcome measures.

drome characterised by consistently lateralised percept r example, Jehkonen et’dbund that performance on the
de cits®? The neglect syndrome is represented by a highl)g '

h ¢ q ) ehavioural Inattention Test was the single best predictor
eterg_gseneous group o symptoms and contains many sy ‘ompared to hemianopia, age and verbal memory) of poor
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f ke it i | hether diff “functional outcome at 3-, 6- and 12-month follow-up ap-
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follow-up. Katz et af. found that acute neglect was associatecbhysical independence measures in a cohort of 335 acute
with lower scores on various activities of daily living mea-stroke survivors. This study found that left-lateralised neglect
surements as well as on standardised cognitive measuliegpairment was more severe than right-lateralised neglect as
throughout the rst 5 months following stroke. Similarly, assessed by both neuropsychological and observational
Buxbaum et at! concluded that the occurrence of neglectmeasures. However, patients with right neglect exhibited
de cits predicted poor recovery outcome following strokelower scores on the Mini Mental State Examinattdfthan
over and above general stroke severity metrics. Thede  patients without neglect (potentially through a co-occurring
ings demonstrate that the occurrence of visuospatial negldenguage decit) and were more likely to exhibit impaired
acts as a signcant predictor of functional recovery outcome. balance than patients with left negl&ttThese ndings
However, neglect is not a unitary syndrome. Followingsuggest that the association between neglect and functional
stroke, patients can exhibit visuospatial neglect within a selimpairment may depend on the reference frame and later-
centred (egocentric) and/or object-centred reference framadisation of neglect. However, these studies only employed
(allocentric neglec2**?1® For example, a patient with data from a single timepoint acutely post-stroke.
egocentric neglect might fail to notice objects presented on Overall, previous studies which have tracked neglect re-
their neglected side while a patient with allocentric neglectovery over time have found that the majority of neglect cases
might fail to perceive features appearing on the neglected sidecover within the rst 6 months following strok&3943
of individual objects, regardless of where these objects afgijpoer et al*® found that time post-stroke was a key and
presented in spa¢éWhile egocentric and allocentric neglect independent predictor of visuospatial neglect recovery, with
do frequently co-occur, these conditions have been demob4% of patients recovering within thest 12 weeks and
strated to represent doubly dissociated, independent cognitimeound 60% recovered within thest year. A subsequent
impairments:*41819 importantly, additional subtypes of ne- study found that clinical characteristics including neglect
glect have been documented. Patients can selectively exhib@verity, stroke severity, and severity of comorbid stoke
neglect within peri-personal (near space) and extra-persordg cits did not act as signtant predictors of neglect re-
space®?® Patients have also been found to exhibit spatiatovery over the rst 26 weeks following strok& These
attentional biases in additional sensory modalities includingtudies provide importantinsights into the recovery trajectory
auditory negleé?® and motor negleé?® However, of neglect as a whole, but do not distinguish between ego-
standardised neuropsychological tests which can reliably deentric and allocentric neglect dits. Several previous
tect and differentiate between these additional neglect subtypgtsidies have investigated how different neglect subtypes
are not commonly employed in clinical environmefit&For  recover over time. Stone et &lin a group of 68 patients with
this reason, this analysis will focus on exploring the recovermeglect, found that neglect following right hemisphere
trajectories of egocentric and allocentric neglect. The presedamage (N = 34) was sigrdantly slower to improve and less
study aims to investigate only differences between egocentiiikely to fully recover than neglect following left hemisphere
and allocentric neglect with the implication being that if thesdesions (N = 34) over therst 6 months following stroke.
two subtypes recover differentially, additional research will bdemeyere and Gillebéftfound that of the 160 patients with
needed to investigate whether these differences are also predefiow-up data 81% of egocentric neglect (11 impaired at
within other subtypes of neglect. follow up vs 55 impaired at the stage) and 71% of allocentric
Previous research has suggested that patients with egteglect cases (10 chronic vs 39 acute) recovered within
centric and allocentric neglect may exhibit differing levels o6 months following stroke. Overall, a high proportion of
functional impairment. Bickerton et afound that patients visuospatial neglect cases were found to spontaneously re-
with allocentric neglect scored signantly lower (e.g. worse cover within the rst 6 months following strok&:3° but this
functional performance) on the Barthel Index activities ofrelationship may not be equivalently true for different neglect
daily life measuremefit compared to patients with ego- lateralisations and reference frames.
centric neglect at a single, subacute timepoint. In this study, Previous research has suggested that some stroke-related
patients with both allocentric and egocentric neglect alsde cits follow a proportional recovery rule in which the
reported signicantly higher levels of depression on theamount of improved function is proportional to the initial
Hospital Anxiety and Depression Scale than patients witldegree of function l0s5*® However, it is not yet clear
either egocentric or allocentric neglect aldne. whether egocentric and allocentric visuospatial neglect fol-
Similarly, although neglect is most commonly thought oflow this proportional recovery patteth?® If neglect im-
as a left-lateralised impairment occurring following unilaterapairments follow a proportional recovery rule, neglect cases
right hemisphere damage, recent research has demonstratddch are initially more severe should be less likely to fully
that right-lateralised neglect impairments also frequentlyecover than less severe ca&¥¥. Conversely, if neglect
occur following stroké*3° Patients with left and right ne- does not follow a proportional recovery pattern, the initial
glect may exhibit differing levels of functional impairment. severity of neglect would not be expected to differentiate
Ten Brink et al’® investigated the relationship between ne-between patients who do and do not recover over time.
glect lateralisation and performance on various cognitive angimilarly, it is important to investigate differences in rates of
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improvement over time across different neglect subtypes. Fdihis, in turn, may help identify which specipatients are the
example, it is possible that patients with milder s  most likely to benet from targeted rehabilitation strategies.
improve gradually over time while patients with severe
impairments do not experience any improvement. Alterna- .
tively, it is possible that all patients with neglect exhibit theMaterials and Methods
same rate of change in severity over time, regardless of t -
severity of their initial decits. It is therefore critically im- '?%rtlupants
portant to better characterise recovery trajectories in differefihis project represents a secondary analysis of data collected
neglect subtypes in order to identify the spegatients who  within the Oxford Cognitive Screen (OC8)QCS-Tablet and
are least likely to fully recover. ocs-Car® studies from 2015019. These study protocols
Previous investigations into neglect recovery trajectoriesere reviewed and approved by the National Research Ethics
have not considered the interaction between neglect subty@mmittee (UK) (References: /MIM/0299, 14/L0O/0648 and
and lateralisation when attempting to elucidate the predictivé2/WM/00335, respectively). Each study included acute cog-
relationships between these acute factors and long-term maitive screening (T1) and 6-month follow-ups (T2). Patients
covery outcomes. Here, for thest time, we present data were included in this analysit Cancellation Task data were
from a large and representative longitudinal sample of strokavailable from both timepoints and they had completed the
survivors to attempt to disentangle how complex acute neStroke Impact Scale (SIS) at timepointEy(re J. A total of
glect behavioural phenotypes predict longer-term recove®00 patients (mean age = 70.6 [SD = 12.2], 47% female, mean
outcomes, both in terms of long-lasting neglect symptoms agars of education = 12 years [SD = 2.78], 6% left handed) were
well as broader functional outcomes related to activities ahcluded in this study. As reped by patient clinical notes, this
daily life and participation 6 months after stroke. The presergample included 322 ischemic, 57 haemorrhagic and 21 not
study aims to investigate which speciattributes of acute reported stroke typegigure ). Lesion sides were reported as
neglect impairment are related to a low likelihood of negleci97 right, 157 left, 29 bilateral and 17 not reported. The average
recovery 6 months later and which are associated with worstroke-test interval was 9.9 (SD = 11.9) and the average National
functional outcomes. Importantly, this study does not aim tdnstitutes of Health Stroke Sc#dIHSS) total scores was found
develop a quantitative prognostic model, but instead to into be 3.82 (SD = 3.94 and range=2@). Table 1presents a full
vestigate whether speci neglect subtypes are differentially summary of demographic and stroke information for the patients
associated with lasting impairment and functional outcomedn this study with and without signtant neglect impairment.

Acute Testing:
N =1020

Excluded (Acute):
Not tested on Cancellation: 111

T Incomplete Cancellation Data: 29
Follow-Up: Lost to Follow-Up:
N =477 Not Contactable: 220
Withdrew: 110

Death / Too Poorly: 73

Excluded (Follow-Up):

i Not tested on Cancellation: 13
¢ Incomplete Cancellation Data: 1
Final Sample: Incomplete SIS Data: 63
N =400

Stroke Type N Age % Female  Education Stroke-Test Interval NIHSS

Ischemic 322 71.0 (12.2) 46.60% 11.9 (2.69) 9.97 (12.1) 3.55 (3.65)
Haemorhagic 57 67.7 (12.2) 50.90% 12.1 (3.11) 10.9 (12.1) 3.81(3.69)
Not Reported 21 72.4 (11.4) 42.90% 12.9 (3.12) 7.42 (7.51) 4.81 (6.08)

Figure 1. Inclusion/Exclusion Criteria. A summary of patient-exclusion criteria and dropout counts at each stage along with demographic
details for the nal sample (n = 400). Means are reported, followed by standard deviations in parentheses.
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Table 1. Demographics and Stroke Information for the Patients With and Without Neglect. Means are Reported Alongside Standard
Deviations (in Parentheses).

Neglect (n = 142) No Neglect (n = 258)

Age (years) 72.1 (12.6) 69.8 (11.9)
Percent female (%) 47.90 46.50
Education (years) 11.6 (2.5) 12.2 (2.9)
Percent left-handed (%) 7.80 11.30
Stroke side

Right 58 76

Left 42 76

Bilateral 6 11

NR/Unknown 36 95
Stroke type

Ischemic 89 158

Haemorrhagic 14 34

NR 39 66
Stroke/Test interval (days) 9.4 (10.9) 10.2 (12.3)
NIHSS (Median (interquartile range)) 3 (6) 2 (4)

Abbreviation: NR, not reported.

Due to the high exclusion rate within this secondaryhave been demonstrated to be sensitive and reliable measures
analysis (60.8%), a series of analyses were conducted to der detecting and differentiating between allocentric and
termine whether the included neglect sample was represezgocentric decits>3® (Figure 3. The SIS is a self-report
tative of the full acute cohort assessed. The proportion ajuestionnaire assessing stroke-spedunctional outcome
patients with neglect within all acute patients (n = 1020domains’>°3 This investigation employed version 3.0 of this
44.5%) was found to be sigrdantly higher than that withinthe scale, which includes 59 questions across 8 domains
included sample (n = 400, 35.5%)(%5.579 and® = .0182).  (physical weakness, memory, mood, communication, activ-
However, there was no sigmiant difference between the ities of daily living, mobility, affected hand and participation).
egocentric (t[265.79] = .62P,=.5312 and 95% CI =.974to0 = Each question is responded to on a 5-level Likert scale. The
1.884) or allocentric (1[230.24] =.72B= .472 and 95% Cl = SIS exhibits high testetest validity, correlates strongly with
—.563 to 1.211) asymmetry scores between neglect patierather established measures and is sensitive to ch&hges.
who were and were not included in theal sample. Participants completed the Cancellation Task at timepoints
1 and 2. The presence of egocentric neglect is scored by
subtracting the number of targets ideatl on the left from
those on the right. Egocentric asymmetry more extreme than
The behavioural analyses conducted in this investigation aim3(left neglect)-3(right neglect) in conjunction with total
to (1) determine which neglect factors predict presence atores of less than 42/50 was considered to represent sig-
chronic neglect and (2) investigate the interaction betweemi cant neglect impairment. Egocentric neglect severity
acute neglect type, lateralisation and severity with long-terrwas calculated though a centre of cancellation (CoC)
SIS score. Data from standardised Cancellation Tasks and theore3®4° This score was calculated by assigning each re-
SIS questionnaire were consiéd in this investigation. sponse a numerical weight according to its horizontal loca-
Participants completed bir the OCS or Birmingham tion,*® the average response weight determines the CoC.
Cognitive Screen @ncellation Task® in pen-and-paper Allocentric neglect impairment was quaretil by subtracting
format. These assessments are parallel versions of a statite number of right-gap and left-gap false positives. Allo-
ardised assessment aiming to detect egocentric and allentric asymmetry more extreme thah (right neglect) or 1
centric visuospatial neglect and do not aim to quantifyleft neglect) represents signant impairment® Allocentric
additional neglect impairments (e.g. motor or auditory neseverity is scored as the proportion of allocentric errors
glect). Each Cancellation Task consists of similarly structuredommitted to number of targets successfully idextti
search matrices containing complete, right-gap, and left-gap Participants also completed the SIS at timepoint 2. Total
line drawings. In these tasks, patients were instructed to mafdS score was calculated by formatting all Likert responses so
complete drawings while ignoring incomplete stimuli. Pa-that low scores represent poor outcomes (e.g:cbedd not
tients completed two practice trials and were given 3 minutego at all and 5 =‘not dif cult at all) and subsequently
to complete the Cancellation Task. These Cancellation Tasksmming all numeric respons&sAll data collected in this

Procedures
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Figure 2. (Panel A) Neglect Impairment De nitions. A visualisation of egocentric and allocentric neglect de cits as detected by the OCS
Cancellation Task. Patients with egocentric neglect fail to report targets on one side of space, while patients with allocentric neglect commit
consistently lateralised false positive errors (highlighted in red). Panel B presents the task scoring grid, corresponding error weights and
equation for calculating centre of cancellation neglect severity scores.

investigation have been made openly available on the Opeabsence of chronic neglect, neglect lateralisation, age, sex,
Science Framewotk (https://osf.io/lwm8v3/ This project education and stroke severity (NIHSS total).

adheres to STROBE reporting guidelines. To investigate the second research question, a multiple
regression was performed to determine the relationship be-
Statistical Analysis tween acute neglect severity and follow-up functional out-

) ) come (SIS score). This regression includes egocentric and
All comparisons control for age, sex, stroke severity (NIHSSjqcentric severity, impairment lateralisation, age, sex, stroke

total), education and stroke side when applicable. First, tWgyerity, handedness and education as covariates and eval-

chi-squared tests were performed to determine whether theias these metrics for co-linearity using Duriatson

proportion of patients whose neglect impairment Wagegting and variance iation factor analyses. Finally, an

unrecovered versus recovered at follow-up assessment WRRIOVA was conducted to determine whether patients ex-

equivalent across neglect subtypes and lateralisations. Nexfpiting different acute neglect subtypes/lateralisations re-
two t-tests (separately for egocentric and allocentric) wergy taq signicantly different follow-up SIS scores.
conducted to determine whether unrecovered patients initially

had more severe impairments at T1. Finally, two repeated-

measures ANOVAs (one for egocentric and allocentric) werResults

performed to investigate whether the magnitude of the chan

in neglect severity between T1 and T2 is proportional fogrﬁegleCt Prevalence and Recovery
patients with different impairment lateralisation and with/142/400 (35.5%) patients exhibited sigrant neglect at T1.
without chronic neglect. Each ANOVA included presence/71 (50%) of these cases involved only egocentric neglect, 41
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(28.9%) only allocentric and 30 (21.1%) cases involved coneglect (F [1,190] = .003 andl = .985) or between neglect
occurring egocentric and allocentric impairments. 78 (54.9%ateralisation and the presence of chronic neglect (F [1,190] =
cases were left-lateralised, 57 (40.1%) impacted the right sid2003 andP = .6556). Thesendings suggest that patients with
of space and 7(4.9%) involved right and left digs which  egocentric neglect exhibit proportional recovery and that the rate
co-occurred®® There was a signcant difference in stroke of recovery is not different for patients with more and less severe
severity between patientsitiv egocentric (mean NIHSS neglect, regardless of lateralisation (Bigire 4.
score = 4.22) and allocentric (mean NIHSS score = 11.96) in Within allocentric neglect, there was a sigrant inter-
this sample (t[36.64] =3.306,P = .002 and Cl—12.48 to  action effect of change in neglect severity between timepoints
2.99). At follow-up, 98/142 (69%) neglect cases had fullyand the presence of chronic neglect (F [1,130] = 9.1827,
recovered. There was no sigoant difference in the pro- .004 andn,,2 =.096), demonstrating that allocentric cases do
portion of patients recovered between egocentric and allatot recover at the same rate. In this analysis, there was no
centric neglect (X1] = .66 andP = .418). Similarly, there signi cant main effect of stroke severity (F [1,130] = 3.65,
was no signicant association between the lateralisation o = .611 and;yp2 = .004). Finally, there was no sigmant
neglect and probability of neglect recovery|@ = .781and interaction effect between lateralisation and the incidence of
P = .677) Figure 3. chronic neglect (F [1,130] = .136,= .713 andnp2 =.001),
Patients with chronic egocentric neglect had sicgmitly ~ suggesting that patients with right and left allocentric neglect
more severe acute impairment than those who recovereddd recover at similar rates.
[34.933] =—2.288 andP = .028), suggesting that egocentric
neglect follows a proportional recovery pattern. However
there was no difference in the severity of acute impairmen
between allocentric patients who did and did not recover @t the 6-month follow-up, patients reported an average SIS
[22.633] =—1.373 andP = .183), suggesting that allocentric total score of 223/300 (SD = 44.3 and Range =285), with
neglect follows a non-proportional recovery pattern. lower scores indicating poorer outcome. A multiple regression
Within egocentric neglect, there was a sigant main effect was performed to investigate the relationship between neglect
of neglect recovery outcome with more severe cases being lessverity and functional outcome (SIS). This regression in-
likely to recover than milder cases (F[1,190] = 18.314,001  cluded egocentric and allocentric severity, impairment later-
and ;7,,2 = .115). There was also a sigoant main effect of alisation, age, sex, stroke severity (NIHSS Score), handedness
stroke severity (F [1,190] = 8.57F, = .004 and;yp2 = .54). and education as covariates (max VIF = 1.28 and Durbin
However, no signicant interaction effects were present betweeWatson = 2.17). Overall, this model was found to be signif-
change in neglect severity over time and the presence of chrorigant (F [9,300] = 4.742P < .001 and adjusted’R= .098,

hich Factors Predict Chronic SIS Scores?

Figure 3. Neglect Subtype Recovery Proportions. Recovery proportions for each neglect subtype and for each lateralisation of neglect,
demonstrating no reliable sub-group differences in proportion of neglect impairment at 6 months. Bottom section of the bars represent the
number of patients who had not recovered by follow-up assessment.
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Figure 4. Proportional and Non-Proportional Recovery in Neglect. A visualisation of proportional recovery within patients with egocentric
neglect and non-proportional recovery within patients with allocentric neglect. Dots represent patient neglect severity scores and lines
visualise the difference between group means at each timepoint.

Figure §. Acute allocentric neglect severit € .006 and neglect subtype and SIS score (F [9,300] = 2.918,034 and
Cohen's f=.15) and stroke severity’(< .001 andCohen's f= ;71,2 =.026). However, there were no sigeant post-hoc paired
.23) were found to be signcant predictors of lower functional differences between different neglect categoRéagute §.
outcome. Notably, acute egocentric severity did not act as a
signi cant predictor of long-term SI® € .217). . .

Finally, an ANOVA was conducted to investigate the in-DISCUSSIOn
teractions between acute neglect category/lateralisation amdis study aimed to determine whether visuospatial neglect
chronic SIS. There was a signant overall effect between subtypes act as predictors of long-term outcomes, both with
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Figure 5. Neglect Severity and Functional Outcome. The relationship between egocentric neglect severity and allocentric neglect severity (as
expressed through absolute values for centre of cancellation) and chronic SIS score. Patients with no neglect have not been plotted in this
visualisation. See Figure 5 for an illustration of the distribution of SIS scores in patients with no neglect.

Figure 6. Functional Recovery by Neglect Subtype. The interaction between acute neglect category (Panel A), and lateralisation (Panel B) and
chronic SIS score.

regards to neglect recovery and to broad functional outcomeseverity. The severity of acute allocentric, but not egocentric,
Egocentric and allocentric neglect occurred frequently in theeglect acted as a sigeiant predictor of long-term functional
acute stroke population and represented doubly dissociatedtcome. These results highlight the importance of stand-
conditions. Both left- and right-lateralised neglectaits  ardised, neuropsychological assessment of post-stroke vi-
were common, and in line with expectatidfiteft-lateralised  suospatial impairments to improve the sensitivity of neglect
neglect was more severe than right neglect. Egocentric ndetection and provide quantitative severity information which
glect exhibited proportional recovery with the severity ofcan be used to predict functional outcome trajectory and
acute impairment, predicting the severity of chronic im-guide intervention pathways.

pairment. However, allocentric neglect was not found to The results of the present study suggest that egocentric
recover proportionally with a subset of patients remainingieglects initial severity modulates the probability of its re-
unchanged or getting worse over time, regardless of initiadovery. Egocentric patients who recovered had less severe



Moore et al. 9

acute neglect than patients presenting with chronic neglectlaing-term functional outcome, while the severity of acute
6 months. Importantly, the rate of egocentric improvemenggocentric neglect was not. Patients with more severe allo-
was not different between patients whose impairments didentric neglect at the acute timepoint were found to report
and did not recover. This effect held for patients exhibitinchigher levels of domain-general functional impairment at
right and left egocentric neglect and remained sicanit over  chronic assessment, regardless of whether or not their neglect
and above generalised stroke severity. Thegbngs align  had recovered. This effect could potentially be explained by a
with previous studies documenting proportional recovery irtomparatively severe impact of allocentric neglect impair-
egocentric neglect and suggesting that acute severity may breent on daily life activities. Patients with egocentric neglect
the best indicator of the probability of egocentric neglectmay be able to orient or adjust their environments to help
recovery?>4° compensate for their neglect, but it is unclear whether patients
However, proportional recovery was not found to bewith allocentric-level decits would benet from similar
present within patients with allocentric neglect. Allocentriccompensation strategies. Similarly, allocentric neglect may
patients who recovered by 6 months were not initially lesémpact performance within speci activities (e.g. reading
severely impaired than patients whose allocentric neglect diddividual words and identifying/manipulating objects)
not recover. This pattern is characteristic of non-proportionathich may be comparatively unaffected by egocentric ne-
recovery*®“8 This non-proportional recovery pattern within glect. Additional research is needed to clarify how egocentric
allocentric neglect aligns well with recent research suggestirand allocentric neglect deits differentially impact func-
that not all post-stroke impairments follow the proportionakional activities.
recovery rulé'’*8 Additionally, unrecovered allocentric pa-  Considered cumulatively, thendings of this study em-
tients were found to exhibit a sigmantly different recovery phasise the importance of employing standardised, neuro-
rate than patients whose allocentric neglect did recovepsychological assessments of neglect within clinical
Notably, although patients with allocentric neglect had sigenvironments. Detecting and determining the severity of
ni cantly higher stroke severity than patients with egocentriallocentric neglect can help identify patients which are least
neglect, stroke severity was not found to sigantly predict likely to spontaneously recover and are most likely to ex-
which cases of allocentric neglect recovered over timeperience lower levels of functional outcome, but this im-
Considered cumulatively, thesadings suggest that it is not pairment is not commonly screened for after stroke. However,
yet clear how to predict which patients with allocentric ne-many commonly used neglect assessments are not able to
glect will and will not recover from their neglect impairment. reliably detect allocentric neglect, resulting in the omission of
Future research can aim to investigate the recovery of allaaformation which can help identify patients likely to ex-
centric neglectin more detail, as it appears that this subtype périence poorer functional outcomes. Implementing stand-
neglect is more likely to lead to a chronic neglect impairmentardised administration of neuropsychological neglect
Similarly, it is important for future studies to aim to identify assessments is critically important in order to sensitively
additional factors such as behavioural peoor co-morbid detect neglect impairments, to assign quantitative neglect
cognitive impairments which may help distinguish betweerseverity scores and to identify neglect patients who are most
allocentric neglect patients who do and do not spontaneouslikely to benet from targeted neglect-specirehabilitation
recover. programmes$:1%4° Based on the current data, neglect inter-
This investigation also considered the impact of neglectention research may need to focus on rehabilitation spe-
lateralisation and severity on functional outcome. With reei cally for those with more severe neglect impairments and
gards to lateralisation, interestingly, there was no sggmit  those with allocentric neglect.
difference in functional impairment levels reported by pa- This investigation also highlights the need for future
tients with right- and left-lateralised neglect despite theeglect research to accurately represent the diversity of ne-
nding that left neglect was sigmiantly more severe than glect behavioural impairments to produce generalisable
right neglect on neuropsychological assessments. This effeatdings. Studies which consider only a restricted subset of
has been previously iden&d;*® but it is not clear which neglect impairment (e.g. restricting sample to only left
factors are responsible for driving it. It seems plausible thaggocentric neglect after right hemisphere damage) are likely
right neglect may result in a disproportionally high impact omot representative of neglect as a whole and as it presents in
functional activity relative to impairment severity, as leftacute clinical settings. Differences in patient-inclusion criteria
hemisphere damage may be more likely to reduce the paan help explain why many past investigations have provided
tients ability to use their dominant hand, and include lan<on icting ndings pertaining to the prevalert&®’ un-
guage and communication impairments which may affeaterlying neural mechanisit$®° and functional impact of
overall functional outcomes in a broad measure such as timeglect impairmerft”° Similarly, future investigations
SIS. Further research is needed to investigate this possibilishould aim to determine whether neglect uniformly impacts
in detail. across all aspects of functional recovery or whether a single
The quantitative severity of acute allocentric neglectomponent of this broad, encompassing concept (e.g. ac-
impairment was found to act as a sigrant predictor of poor tivities of daily living and mood) may be responsible for
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driving the predictive relationship between neglect and poaneglect may follow different recovery trajectories, it seems
functional outcome. It is therefore critically important for plausible that other neglect subtypes, not considered within
future neglect research to adequately represent this sythis investigation, may be differentially associated with long-
dromes behavioural diversity as conceptualising neglect aterm recovery as well. Future research should therefore aim to
a unitary syndrome rather than a cluster of interrelatedlucidate the recovery trajectories associated with additional
impairments which may preclude valid conclusions aboutisuospatial neglect subtypes. Critically, this investigation
the disorder as a whole. aimed to determine predictors rather than causes of poor
Most importantly, the ndings of this investigation reveal recovery outcome. The idendid signi cant relationship
that patients with allocentric neglect may represent a kelyetween acute allocentric neglect and poor recovery outcome
group for research for targeted, neglect-specehabilita-  should therefore not be interpreted as a causal relationship but
tion. The vast majority of existing neglect rehabilitationinstead as a correlational effect which may help clinicians
strategies are designed to ameliorate the effects of egocenfpiedict which patients may experience reduced functional
neglec®®? It seems likely that many of these strategiesoutcome in later stroke recovery phases. A number of factors
would be ineffective for patients with allocentric impairment.including overall stroke severity, age of onset, cognitive
For example, rehabilitation strategies such as prism adaptaserve and psychosocial factors have been shown to be
tion help shift attention towards a neglected hesiai but  signi cantly related to stroke recovery trajectoffe€® For
would likely not impact an attentional bias which is notthis reason, any individual factor noted here should not be
mediated by viewer-centred impairmetft$harmaceutical understood as a stand-alone predictor of stroke recovery but
and transcranial stimulation based rehabilitation strategiésstead as a factor which only explains a small portion of
may face similar challeng@$However, some rehabilitation variance. Clinicians should therefore employ a holistic ap-
studies which could plausibly impact the severity of bothproach considering the impact multiple factors such as overall
egocentric and allocentric neglect have been propgsed.stroke severity, age of onset, co-morbid impairments, cog-
Approaches based on phasic alerfiligestibular stimula- nitive reserve and psychosocial factors rather than any one
tion,®* neck muscle vibratidi or motor feedback trainii§  source of information to make informed prognoses. Impor-
seem potentially appropriate for ameliorating allocentri¢antly, this study does not aim to develop a quantitative
neglect symptoms. However, the impact of these rehabilprognostic model, but instead to investigate whether speci
tation therapies on allocentric-level attentional biases haveeglect subtypes are differentially associated with lasting
not yet been adequately investigated in large and represeémpairment and functional outcomes.
tative samples of neglect patients. It is not clear how allo- Finally, the results of any individual analysis are deter-
centric neglect impacts behaviour, and understanding thimined by the spect combination of inclusion criteria,
impact is likely a necessary precursor to identifying effectivémpairment denitions and outcome measures emplo$ed.
rehabilitation strategies. Additional research employing multiverse analysis tech-
niques is needed to determine the degree to which the
ndings of this investigation are robust and generalisable
across many different potential patient groups and outcome
SIS scores are self-reported and are therefore vulnerablert@asures (e.g. SIS sub-domains) (see Moore and Demeyere
response biases. In addition, some visuospatial neglect p@nder Review’).
tients may also exhibit anosognoSfaNevertheless, this
association may iruence functional .self—re.port Qata and IeadConclusion
to some underestimation of functional impairment levels.
Given that this study is a secondary analysis, the large sampl&e ndings of this investigation illustrate that considering
data came at the cost of detailed stroke and addition#the subtype and quantitative severity of visuospatial neglect
potentially informative data. For example, T1 functionalprovides information which can be applied to identify pa-
assessments, tests for additional neglect signs (e.g. art@ents who are more likely to end up living with chronic
sognosia), rehabilitation programme information, detailedieglect. These ndings highlight the need for standardised
stroke anatomy or diagnoses of additional neglect subtype®uropsychological neglect assessments and for the devel-
were not available. Additionally, the cohort included in thisopment of allocentric-spea rehabilitation strategies.
study demonstrated comparatively moderate to low overal]
stroke severity (average NIHSS = 3.8 and range = 0-22)A.C
Future research can aim to investigate whether the effecdtée would like to express our sinceratifude and admiration to the late
documented in this study can be generalised to more severeof Glyn W Humphreys, who initiated the OCS work and led the OCS-
stroke. Care study. The OCS study was supported by the National Institute for
Importantly, egocentric and allocentric neglect are not thelealth Research Clinical Reseaki#twork. We also acknowledge the
only subtypes of visuospatial neglect. Given that this in<ontributions to data collection and curation for the OCS data made by
vestigation demonstrated that egocentric and allocentrids Ellie Slavkova, Ms Grace Chiu and Ms Romina Basting.
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