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ABSTRACT

Purpose: Visual perceptual deficits are frequently underdiagnosed in stroke survivors compared to sen-
sory vision deficits or visual neglect. To better understand this imparity, we evaluated current practice for
screening post-stroke visual perceptual deficits.

Methods: We conducted a survey targeted at professionals working with stroke survivors involved in
screening visual perceptual deficits across the United Kingdom and the Republic of Ireland.

Results: Forty orthoptists and 174 occupational therapists responded to the survey. Visual perceptual def-
icit screening was primarily conducted by occupational therapists (94%), with 75~100% of stroke survivors
screened per month. Respondents lacked consensus on whether several common post-stroke visual defi-
cits were perceptual or not. During the screening, respondents primarily relied on self-reports and observa-
tion (94%), while assessment batteries (58%) and screening tools were underutilised (56%) and selected
inappropriately (66%). Respondents reported lack of training in visual perception screening (20%) and
physical/cognitive condition of stroke survivors (19%) as extremely challenging during screening.
Conclusions: Visual perceptual deficits are screened post-stroke at a similar rate to sensory vision or vis-
ual neglect. Underdiagnosis of visual perceptual deficits may stem from both reliance on subjective and
non-standardised screening approaches, and conflicting definitions of visual perception held among clini-
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cians. We recommend increased training provision and use of brief performance-based screening tools.

> IMPLICATIONS FOR REHABILITATION

e Lack of agreement among clinicians on what constitutes as visual perceptual or sensory vision deficits
may prove problematic, as precise and exact language is often required for clinical decision-making

(e.g., referrals).

e Biases for more familiar visual (perceptual) deficits held among clinicians during the screening pro-

cess may lead to other visual deficits being missed.

e To avoid problems being missed, clinicians should aim to use standardised assessments rather than
stroke survivor self-report and observations of function when screening for visual perceptual

difficulties.

Introduction

Stroke is one of the most commonly occurring neurological dis-
eases in the world, resulting in deleterious consequences for its
survivors [1-3]. Among the most significant of these consequen-
ces is impairment in sensory vision and visual perception [4,5].
Sensory vision refers to the initial processes within the visual
pathway (known also as the afferent and efferent visual pathway),
underpinned by light refraction by the cornea and lens followed
by light transduction through the optic nerve to produce visual
images [6,7]. Visual perception occurs further along the optic
pathway, entailing cognitive processes which interpret and assign
meaning to what is visually available [8]. Both sensory vision and
visual perception are cardinal to daily living and can be adversely
impacted by stroke [9].

Deficits of sensory vision following stroke typically include
reduced visual acuity and fields (afferent visual pathway), as well as
impairment in ocular movement and control of the pupil (efferent
visual pathway). Moreover, post-stroke deficits in visual perception
include impaired visual memory, visuospatial disturbances and
agnosia (i.e, inability to recognise shapes, objects, and people),
among others [8]. Visual neglect is frequently diagnosed as a deficit
of visual perception following stroke [10], though it is defined by
neuropsychologists as an attentional processing deficit [11].

Screening sensory vision and visual perceptual deficits in stroke
survivors is primarily carried out by orthoptists and occupational
therapists [12,13]. An epidemiological study by Rowe et al. [9] indi-
cated 52-70% of stroke survivors present with sensory vision defi-
cits, while on average 76% present with visual perceptual deficits.
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The study systematically assessed a consecutive sample of stroke
survivors in a rehabilitation unit. They observed a higher percent-
age of perceptual problems in dysphasic stroke survivors (~100%)
compared to non-dysphasic stroke survivors (~50%), though none
of the subtests requires expressive language. Most impairments
were found on the inattention subtests (76 ~90%). The percentage
of stroke survivors failing on other subtests (e.g., body image, pic-
ture matching, colour matching, sequencing pictures, size recogni-
tion, and figure-ground) ranged between 15% (object matching)
and 85% (cube copying) [14]. A previous observation cohort study
found more than half of stroke survivors referred for suspected vis-
ual difficulties have a combination of two or more sensory vision
and/or visual perceptual deficits (low vision, eye movement deficits,
visual field impairment, or perceptual deficit) [15]. It is unclear,
however, how many of these cases could be attributed to co-exist-
ing ocular diseases or pre-existing low vision. Both sensory vision
and visual perceptual deficits have been shown to be associated
with negative outcomes in mental wellbeing [16-18], trips and falls
[19], quality of life [4,20], and functional recovery in stroke rehabili-
tation. Previous work indicates outcomes were more positive in
clinical cases where the visual deficit was diagnosed and appropri-
ate management strategies were used, such as retraining
approaches intended to promote visuomotor neuroplasticity
[21-24]. Existing tools such as the National Institute of Health
Stroke Scale (NIHSS) [25] are problematic for detecting visual diffi-
culties owing to the self-report and observational properties of
these tools; the NIHSS, in particular, has been shown to lack sensi-
tivity in the detection of a range of deficits in sensory vision, visual
perception, and visual neglect [26,27].

Despite the importance of visual perception in stroke rehabili-
tation, its deficits are often clinically overlooked compared with
sensory vision or other difficulties (e.g., in memory or attentional
functioning) [12,15,28]. There is importance in unpicking what
contributes to this lack of parity, as any consequential underdiag-
nosis may impact the quality of stroke aftercare [21,29]. Central to
investigating this is elucidating current screening practices for
both sensory vision and visual perceptual deficits following stroke,
focusing particularly on clinical attitudes and experiences of these
practices. An explorative qualitative investigation into this topic
was undertaken by Vancleef et al. [12], which consisted of semi-
structured interviews with 12 occupational therapists and 13
orthoptists practising in the UK. The interviews were designed to
understand the current practice of visual perception screening in
stroke, as well as understanding potential facilitators and barriers
to this practice. Thematic analyses of interview transcripts
revealed several key findings; first, there was a lack of consensus
on what constitutes visual perceptual deficits (relative to other
domains, such as sensory vision) among clinicians actively
involved in screening these difficulties following stroke
(Observation 1). Also observed was a lack of uniformity in current
practice for screening visual perceptual deficits, and a reliance on
diverging and/or non-standardised information gathering practi-
ces (e.g, medical notes, information from family, etc)
(Observation 2). Finally, there were several challenges to current
practice (e.g., lack of training, reduced clinical contact time, and
staff shortages) as well as facilitators which would enable clini-
cians to improve their practice (e.g., a standardised screening tool
appropriate for impaired communication) (Observation 3). Taken
together, these findings suggest several key shortcomings and
potential opportunities for improving current practice in screening
for visual perception in stroke survivors. However, the aforemen-
tioned study is limited by its low generalisability to current
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practice in the UK and Republic of Ireland (Rol) owing to small
sample size (n=25) and qualitative-based methodology.

The aim of the current study was to build on the qualitative
work of Vancleef et al. [12], attempting to evaluate their thematic
findings via quantitative-based methods. We hypothesised that
the key findings of Vancleef et al. [12] (Observations 1-3) would
be observable across a large sample of occupational therapists
and orthoptists. To test these hypotheses, we undertook a large-
scale service evaluation consisting of survey data from occupa-
tional therapists and orthoptists currently involved in screening
for visual perception difficulties in stroke services (hyperacute,
acute and rehabilitation) across the UK & Rol.

Materials and methods
Participants

Study inclusion criteria required that participants are currently
involved in visual perceptual assessments of stroke survivors in a
clinical capacity. Data were collected anonymously using the JISC
Online Surveys® platform. Participants were informed about the pur-
pose of the research, voluntary participation, right to withdrawal,
and the procedures in place to ensure anonymity. All respondents
consented before taking part in the survey. Respondents who did
not consent to the study or meet inclusion criteria were routed out
of the platform. The study was assessed and approved by the
Patient Safety Assurance & Audit Service at NHS North Bristol Trust
as a Clinical Effectiveness study (CE45999). The survey was open
between July and December 2019 for 21 weeks.

Recruitment was targeted at occupational therapists and
orthoptists, but the survey was open to all clinical staff involved
in visual perception assessment after stroke. The survey was
shared through professional bodies of occupational therapists
(Royal College of Occupational Therapists; Association of
Occupational Therapists of Ireland) and orthoptists (British and
Irish Orthoptic Society) via mailing lists, newsletters, Facebook
pages, and Twitter accounts, as well as personal Twitter accounts.
Additionally, we contacted stroke units directly using stratified
randomisation, where the Rol and countries within the UK (i.e.,
England, Northern Ireland, Wales, and Scotland) served as strata.
286 hospitals/services providing stroke care were identified from
national audit databases (Sentinel Stroke National Audit
Programme [30]; Scottish Stroke Improvement Programme [31];
Irish Heart Foundation [32]). A pure randomisation algorithm
selected hospitals/services within each stratum. 15-20 selected
hospitals/services were contacted weekly by phone. The research
objectives were explained to clinicians if available; if interest in
participation was expressed, a follow-up email with the survey
URL was sent to the provided email address.

Survey design

The results of recent qualitative work [12], based on semi-struc-
tured interviewing of occupational therapists and orthoptists,
included hypotheses on the current practice, challenges and bar-
riers to visual perception screening. These hypotheses were trans-
lated to a survey-based methodology (see Table 1 for some
examples; the complete questionnaire is provided in the
Supplementary materials as Supplementary Item S1). The core
constructs “understanding of sensory vision/visual perception”;
“current practice”; “barriers to practice”; “facilitators to practice”
were explored. Prefabricated responses to survey items were
derived from commonly occurring themes emerging from
responses from clinicians in interviews.
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Table 1. Survey constructs, example items, and prefabricated responses.

Construct

Example item

Example (prefabricated) responses®

Understanding of sensory vision and visual perception

stroke survivor?

Q: Do you consider any of the following to be
visual perception functions? (Section 1)

Current practice in screening for deficits Q: Which information source do you use while

screening for visual perception difficulties in a

Visual acuity; object recognition; visual neglect;
visual fields®

Asking the stroke survivor's family about
experienced problems

Barriers to practice Q: How challenging are the following barriers while  Staff shortages; limited contact time; lack of
screening for visual perception in stroke staff training
survivors?

Facilitators to practice Q: Which of the following features would be helpful  Suitability for persons with limited concentration or

in a tool for screening for visual perception

alertness; Results which are easy to interpret

difficulties following stroke?

“Examples included are not an exhaustive list of responses provided to survey participants.

Recommended approaches to minimising both unit and item
nonresponse (i.e., response bias introduced when participants do
not provide responses to unit/items) were implemented into the
survey design process [33-35], including an initial pilot survey
and affirming data anonymity in the research brief. An initial
paper-based pilot of the survey was validated among a sample of
11 clinicians who provided improvement suggestions, including
factual and grammatical inaccuracies in survey text and positional
formatting of survey items. Using the provided feedback, an elec-
tronic version of the survey was created using the JISC Online
Surveys® platform. This version was debugged for technical issues
by internal research staff and tested on multiple browsers
(Internet Explorer, Google Chrome, and Safari) and computer devi-
ces (mobile phones, and desktop/laptop PCs). Debugging allowed
us to fix several issues prior to launching the live version, includ-
ing bugs where item data was inputted incorrectly due to format-
ting issues.

Prior understanding of visual perception was measured in the
first item “Do you consider any of the following to be visual per-
ception functions?” followed by a list of domains of either sensory
vision, visual perception, or visual neglect. Items related to sen-
sory vision were visual acuity, visual fields, ocular movement, bin-
ocular vision, colour vision. Items related to visual perception
were hallucinations, perceptual organisation, motion perception,
face perception, object recognition, word blindness, visual mem-
ory, visuospatial perception. One of the items on the list was
“visual neglect,” which is considered an attentional processing
deficit, rather than a visual perceptual deficit. Respondents then
rated these domains according to how important screening them
in stroke survivors is. This was achieved using a five-point Likert
scale:  “Not Important,” “Slightly Important,” “Moderately
Important,” “Very Important” and “Extremely Important.”

In the following section, respondents were provided with oper-
ational definitions of visual perception, visual problems, and visual
neglect (Table 2) to ensure respondents interpreted subsequent
questions in a similar way despite variation in prior knowledge.
The main body of the survey consisted of items on current prac-
tice and clinician experience of screening sensory vision and vis-
ual perceptual deficits (e.g., “Which information source do you
use while screening visual perception difficulties in a stroke
survivor?”, and “How challenging are the following barriers while
screening visual perception in stroke survivors?”). Non-identifiable
demographic information about respondents was collected at the
end of the survey, including years of experience, profession, coun-
try of residence, and clinical setting type.

Data analyses

Statistical analyses were carried on survey data using R Software
for Windows (Version 3.5.3). Inferential statistics were carried out

Table 2. Operational definitions of visual problems, visual perception and visual
neglect provided to research participants within the survey.

Domain Operational definition provided to survey respondents

Visual problem
(sensory vision)

“Visual problems refer to sensory visual impairments. These
impairments are attributed to damage to the early
visual pathways from the eye to the primary visual
cortex. Examples include reduced visual acuity, visual
field problems like hemianopia, eye movement
problems like nystagmus and strabismus, cataracts,
macular degeneration, stereoblindness, etc.”

“Visual perception refers to the processing of visual
information by areas in the occipital, parietal and
temporal cortex (beyond the primary visual cortex). It is
a dynamic process of translating sensory input into
meaningful concepts. Examples of visual perceptual
deficits include apperceptive and associative agnosia,
prosopagnosia, akinetopsia, achromatopsia, problems in
visuospatial abilities.”

“Visual inattention or hemispatial neglect is reduced
awareness to visual stimuli in the contralesional side. It
is sometimes considered to be part of visual perception,
while others attribute this to an attentional deficit.
These definitions will be provided at the bottom of
each page going forward. Please refer back to these at
any point if required.”

Visual Perception

Visual Neglect

at the 0.05 alpha level.

not imputed.

Missing data were omitted and

Results
Participants

Overall, 404 respondents consented to research participation, and
247 (61%) completed the survey (Figure 1). There were 19 instan-
ces where key parts of the survey were incomplete (e.g., self-iden-
tification of clinical profession), meaning these data were
excluded from our analysis. In total, data of 214 respondents (174
occupational therapists; 40 orthoptists) were of sufficient quality
to be analysed.

Respondents varied according to geographical location
(Figure 2), with a spread across most regions in the UK and Rol.
Though 286 stroke units were approached across the UK and Rol,
there are no available registers of stroke OTs and orthoptists mak-
ing accurate response rate estimates for the total clinician popula-
tion unobtainable. Similarly, response rates from recruitment via
social media outreach are impractical to estimate due to unspe-
cific tracking data.

Respondents’ stroke care experience in years varied, but 61%
of the respondents had at least 5years experience: <1year
(n=16), 1-2year(s) (n=23), 2-5years (n=43), 5-10years (n=42),
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404 clinicians consented to

participate

247 respondents completed*

and submitted survey data

!

214 respondents included in

analyses

/

40 Orthoptists
(19%)

\,

174 Occupational therapists

(81%)

Figure 1. Flowchart of participant inclusion and exclusion process. *Survey completions include instances where respondents reached the end of the survey with
most items completed (>95%); **Excluded due to out of area (n = 3), other clinical specialty (n = 12), or missing key information (n=19).

Number of respondents P &

10 20 30

e,

Figure 2. Geographical Spread of Clinician Respondents. Instances of missing
region data from UK clinicians were n=3.

>10years (n=89), years unknown (n=1). Of UK respondents
(n=206), 95% were employed by publicly funded services (i.e.,
National Healthcare Service; Health and Social Care in Northern
Ireland). 38 occupational therapists worked in acute and/or hyper-
acute settings only, 90 in rehabilitation (inpatient and outpatient
or community) only, 44 in both, and 2 classified as “unknown/

other.” 38 orthoptists worked in eye hospitals (inpatient and out-
patient). Fourteen orthoptists also said they worked in an acute/
hyperacute setting and 9 in a rehabilitation setting.

Care pathway for visual perception problems

The referral pathway reported by occupational therapists for vis-
ual perception problems is summarised in Supplementary Table 1.
57% of occupational therapists most frequently reported referring
to local orthoptic departments (or eye hospitals) for these prob-
lems, while for 24% of occupational therapists there was no
established referral pathway. Orthoptists (n=40) reported that
referrals for visual perception problems are typically triaged within
local eye hospitals (88%), while some reported no established clin-
ical pathway (8%).

Understanding and importance of visual perception screening

Figures 3(A) and 4(A) summarises how occupational therapists
and orthoptists responded to querying if listed examples were
related to visual perception or not. There were 14 examples with
varying response rates of 95-100% per example. For the inferen-
tial chi-squared analyses only definitive answers were analysed
(“related to visual perception” and “not related to visual
perception”). Respondents selected a definitive answer for each
example (rather than “Don’t know") in 92% instances (2759/2996).
Overall, both professions classified five examples of sensory vision
deficits as related to visual perception at a rate of 52% (474/988),
while eight examples of visual perceptual deficits and one of vis-
ual neglect were considered part of visual perception by 83%
(1296/1560, for visual perceptual deficits) and 91% (192/211, for
visual neglect) of respondents. There were no overall between-
group differences in how occupational therapists and orthoptists
classified domains of sensory vision (x> = 3.66, df = 1, p=0.06),
visual perception (> = 0.58, df = 1, p=0.45), and visual neglect
(visual neglect: ¥> = 0.39, df = 1, p=0.53, see Supplementary
Table 2 for details). In the free-text section provided, respondents
described additional functions or problems related to visual per-
ception: visual fatigue, saccades, nystagmus, cortical blindness,
simultanagnosia, pupillary light reflex, other visual impair-
ment (glaucoma).
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(A)

Q: “Do you consider any of the following
to be related to visual perception?”

(B)

Q: “How important do you think it is that the

following are screened for in stroke survivors?”

Visual acuity

Visual fields

Ocular movement

Binocular vision

Colour vision

Hallucinations

Perceptual organisation

Motion perception

Face perception

Object recognition

Word blindness

Visual memory

Visuospatial perception

Visual neglect

o
=X

25% 50% 75% 100% 0% 25% 50% 75% 100%

. Extremely Important . Moderately Important
. Very Important

Not Important

. Visual Perception Other Don't Know

Slightly Important Don't Know

(C

Q: “How important is clinical screening of vision problems/visual perception
problems following stroke according to you?”

~

Vision problems

Visual perception problems

0%

25% 50% 75%

100%

Figure 3. (A, B) Definitions and importance of sensory visual and visual perception domains, as rated by occupational therapists. Response rates for all items herein

fall between 98 and 100% (n = 170-174).

Importance ratings (five-point Likert scale) for screening prob-
lems or functions related to visual perception are summarised in
Figure 3(B-C), and Figure 4(B-C). Mann-Whitney U ranked sum
testing (Supplementary Table 3) demonstrated occupational thera-
pists ranking domains of visual perception overall (not including

visual neglect) with higher importance (median = 5; IQR = 1)
than orthoptists (median = 4; IQR = 1) (U=4362, Z/;N = —0.25,
p <0.001). Occupational therapists rated visual neglect with
higher importance (median = 5; IQR = 0) than orthoptists
(median = 5; IQR = 1; U=4451, Z/N = —0.27, p<0.001).
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(A)

Q: “Do you consider any of the following
to be related to visual perception?”

Visual acuity

Visual fields

Ocular movement

Binocular vision

Colour vision

Hallucinations

Perceptual organisation

Motion perception

Face perception

Object recognition

Word blindness

Visual memory

Visuospatial perception

Visual neglect

o
=X

25% 50% 75%

. Visual Perception Other

Don't Know
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(B)

Q: “How important do you think it is that the
following are screened for in stroke survivors?”

100% 0% 25% 50% 75% 100%

[l Extremely important [l Moderately Important
. Very Important

Not Important

Slightly Important Don't Know

(©)

Q: “How important is clinical screening of vision problems/visual perception
problems following stroke according to you?”

Vision problems

Visual perception problems

0%

25%

50% 75% 100%

Figure 4. (A, B) Definitions and importance of sensory visual and visual perception domains, as rated by orthoptists. Response rates for all items herein fall between

95 and 100% (n = 38-40).

Further, occupational therapists and rated sensory vision with
similar importance (median 5; IQR 0) than orthoptists
(median = 5; IQR = 0; U=3460.5, p =0.94).

Despite a similar median rating, the distribution of the rating
varied between domains. Importance ratings varied significantly
across domain types (sensory vision [median = 5; IQR = 0], visual

perception [median = 5; IQR = 1] and visual neglect [median =
5; IQR = 0], Kruskal-Wallis rank-sum test: XZ = 18.11, df = 2,
p < 0.001). Dunn’s test for multiple comparisons with Holm-Sidak
adjustment [36] revealed significant differences in ratings between
sensory vision and visual perception (Z = —3.45, p <0.001) and
visual perception and visual neglect (Z=3.90, p<0.001) with
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(A) % of stroke survivors screened in the past month

Sensory vision problems

100%

Community Hyperacute/
Rehab/ESD Acute

75%

50%

25%

0

X

Community Hyperacute/
Rehab/ESD Acute

Visual perception problems

Visual neglect

Community Hyperacute/
Rehab/ESD Acute

0-10%

10 - 25%
B 25-50%
B so-75%
B 5 100%

(B) Average length of screening window in service

100%
75%
50%

25%

Community Hyperacute/
Rehab/ESD Acute

0%
Community Hyperacute/
Rehab/ESD Acute

2 weeks or less

2 - 6 weeks

. 3 - 6 months

. 6 months or more

Community Hyperacute/
Rehab/ESD Acute

Figure 5. (A, B) Rate of screening and average length of screening window across stroke services. Respondent data from clinicians working hyperacute/acute or com-
munity rehabilitation/ESD exclusively were analysed herein. Response rate was 89-99% per item. Respondents unable to provide answer was 1-8 per item.

lower importance ratings for problems considered to be part of
“visual perception” than those considered to be part of “sensory
vision” or “visual neglect.”

Current practice

Figure 5(A) illustrates the percentage of stroke survivors typically
screened across clinical settings. Here only respondents working
exclusively in either community rehabilitation or hyperacute/acute
settings were included because those working within both did
not provide estimates per setting but a combined estimate. More
respondents worked for community rehabilitation services only
(n=74) than those who worked in hyperacute/acute units only
(n=45). Most respondents answered that they screened between
75 and 100% of the stroke survivors they saw for visual

inattention, vision sensory and visual perceptual deficits in the
past month. In Figure 5(B), the average screening window for sen-
sory vision, visual perceptual difficulties, and visual neglect is illus-
trated. For sensory vision screening, stroke survivors were most
frequently screened within 2weeks after their stroke in acute/
hyperacute units (33 out of 43) and community rehabilitation (33
out of 71) settings. Similarly, stroke survivors were screened for
visual neglect most commonly within 2 weeks after their stroke in
both acute/hyperacute (33 out of 44) and community rehabilita-
tion (32 out of 73) settings. For visual perception screening, stroke
survivors were most frequently screened within 2 weeks (29 out
of 42) in acute/hyperacute units and 2-6 weeks (29 out of 73) in
community rehabilitation settings.

Clinical professions commonly involved in the visual screening
processes are summarised in Table 3. Occupational therapists
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Table 3. Clinicians involved in clinical screening of sensory vision and visual perception difficulties.

Sensory vision screening
(Respondents = 214)

Profession % (responses)

Visual perception screening
(Respondents =214)
% (responses)

Visual neglect screening
(Respondents =214)
% (responses)

Occupational therapy 75 (160)
Orthoptics

Physiotherapy

Clinical (neuro-)psychology 1
Medical professional 24
Multidisciplinary team/ward staff 9
Speech and language therapy 1
Staff nurses 2
Therapy assistants <1
Ophthalmology 3
Other external staff (A&E, GP) 2
Optometry 1(

88 (188) 86 (185)
12 (25) 14 (30)
8 (18) 17 (37)
7(14) 6(12)
5(10) 16 (34)
3(7) 3(7)
1) 2 (4)
<1 (1) 4 (9)
<1 (1) 0 (0)
0 (0) <1(1)
0 (0) 0 (0)
0 (0) 0 (0)

Note. Non-response for these items varied between 2 and 3% (n=5-7). 1 respondent selected “Don't know” for visual perception screening. Respondents were
able to select multiple responses for this question, resulting in a greater number of responses than respondents.

were more involved than other clinicians in the screening of sen-
sory vision difficulties (75%), visual perceptual difficulties (88%),
and visual neglect (86%), followed by orthoptists (20, 12, and
14%, respectively).

The frequency of use and importance of information sources
employed during visual perceptual screening is illustrated in
Figure 6. “Observations in function” (93%) and “asking the stroke
survivor about their experience” (94%) are most commonly used
by respondents during visual perception screening; these informa-
tion sources were rated extremely important more than any other
item (70 and 67%, respectively). Information sources least fre-
quently used were “standardised visual perception tests/battery”
(58%) and “screening tools” (i.e., a set of shorter tests and ques-
tions to screen a range of functions in a short time) (56%). There
was strong agreement between usages and importance of infor-
mation sources: commonly used sources of information were also
considered important.

Respondents who previously mentioned they used standar-
dised assessments, were asked which assessment batteries (i.e.,
long, in-depth set of tests to comprehensively assess a particular
function) they made use of during the screening process. 34% of
them reported using screening tools that measure multiple
domains of visual perception (e.g., Rivermead Perceptual
Assessment Battery), while 42% reported using batteries that
measure specific aspects of visual perception (e.g. Visual Object
and Space Perception Battery, Montreal Cognitive Assessment,
Addenbrookes  Cognitive  Examination, and  Chessington
Occupational Therapy Neurological Battery). Further, 47% of
respondents reported using an assessment battery that did not
measure visual perceptual function, but rather sensory vision and/
or visual neglect (e.g., Oxford Cognitive Screen, Behavioural
Inattention Test, and Brain Injury Visual Assessment for Adults).

In terms of specific screening tests (i.e., short sets of tests to
screen a particular function) used for visual perception screening,
the majority of respondents (45%) reported using a visual neg-
lect-based test (e.g., Line bisection and cancellation tests), while
only 18% respondents reported using a test for a specific visual
perceptual function (e.g., object recognition, figure-ground segre-
gation, visuo-constructive skills). An overview of assessment bat-
teries and screening tests used by respondents is shown in
Table 4.

Challenges and facilitators to practice

Figure 7(A) illustrates challenging elements of visual perception
screening and corresponding ratings by respondents. “Lack of

staff training on the assessment of visual perception difficulties”
was rated extremely challenging more than any other item (20%)
followed by “physical/cognitive condition of the stroke survivor”
(19%), and rated lowest was “insufficient detail within referral”
(5%). Clinicians reported further challenges to practice via free-
text, including “lack of collaborative working with stroke specialist
team and visual specialists” and “delay in accessing specialist orth-
optist/ophthalmologist assessment.”

Clinicians rated the helpfulness of features of a screening tool
for visual perception, as summarised in Figure 7(B). “Suitability for
limited verbal communication” was rated as extremely helpful
more than any other item (67%), followed by “management/treat-
ment advice with results” (63%) “suitability for limited concentra-
tion/alertness” (62%), and “minimal cost” (64%). Items “tablet/
portable computer version of tool” and “in-depth screening test
with several subtests” were rated least helpful overall. In the free-
text section provided, clinicians reported further features which
would be helpful, including “results which are easy to monitor/
repeatable/interpret for changes/improvement,” and “ability to
complete over multiple sessions.” The preferred median time to
administer a screening tool for visual perception difficulties was
15min (IQR = 10; n=202). Clinicians reported a high preference
for “online demonstration videos” (85%; n=182) and “low cost
training” (83%; n=177) for the training of visual perception
screening tools (Supplementary Table 4).

Discussion

Our evaluation aimed to elucidate current practices for screening
visual perceptual deficits following stroke, building on qualitative
work by Vancleef et al. [12]. Through undertaking a large-scale
survey across the UK and Rol, we tested key aspects of their work
in a quantitative-based research paradigm. Survey respondents
provided a geographically diverse representation of clinical prac-
tice across the UK and Rol, with responses from all geographical
regions of the UK. Further, 61% of survey respondents completed
the survey in its entirety, providing a robust and comprehensive
dataset to test our hypotheses.

Consistent with Vancleef et al. [12], we observed a disparate
understanding of visual perception among clinician respondents.
When provided a list of visual perceptual functions/deficits, most
respondents (83%) were able to correctly identify these as belong-
ing to visual perception. However, when provided a list of sensory
vision functions/deficits, 48% of responses inaccurately identified
these as visual perceptual. Further, 91% of respondents regarded
visual neglect as a deficit of visual perception, contrasting with
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Usage %
Observations in function 94%
Asking the stroke survivor about 94%
problems they experience
Observations during other 91%
assessments (e.g. cognitive)
Information from family 82%
Screening tools* 56%
Standardised visual perception 58%
screening tests/battery of tests
Medical notes 7%
0%

. Extremely Important . Moderately Important
. Very Important

How important are these information sources in

screening for visual perceptual difficulties?

25% 50% 75% 100%

Not Important

Slightly Important Don't Know

Figure 6. Frequency of use and importance of information sources used by respondents to inform visual perception screening. Response rates for all items was 100%
(n=214). *A distinction between visual perception tests and screening tools was made within the survey, referring to “screening tools” as “Set of shorter tests and
questions to screen for a range of functions in a short time, usually less than 20 min. This might then prompt follow-up by more in-depth assessment of specific func-

tions and/or by a referral to specialist service.”

literature which considers it an attentional processing deficit [11].
Incongruence in how sensory vision and visual perception are
understood appears problematic, particularly where exact and
consistent language is relied upon in information exchanges to
inform clinical decision-making, such as in referral reports.
Inconsistencies between referrals from stroke units to orthoptics
and subsequent orthoptic diagnoses have been highlighted previ-
ously [37,38].

Occupational therapists rated the importance of screening for
deficits across all domains (sensory vision, visual perception, and
visual neglect) more highly than orthoptists. Both professions
rated the importance of screening sensory vision and visual neg-
lect as slightly more important than visual perception, though
most respondents rated all three domains with high importance.
It is unclear whether this is due to perceived recovery trajectories
of some deficits like visuospatial neglect, which have been shown
to recover over 6 months in large proportions of stroke survivors
[39,40], or whether overall problems such as acuity are perceived
to affect more aspects of daily living than more specific percep-
tual deficits such as agnosia. Determining the rationale behind
differences in importance ratings may be an important topic for
future research.

Across acute/hyperacute and community rehabilitation set-
tings, most respondents reported screening visual perceptual defi-
cits frequently (75-100% of stroke survivors in the past month).
Both sensory vision deficits and visual neglect were also screened
at this rate, consistent with previously published rates [41].

Occupational therapists and orthoptists utilise several informa-
tion sources throughout visual perception screening. More than
half of respondents reported using all information sources listed
within the survey (i.e., observations made in functional tasks like
washing and dressing, asking stroke survivors about problems
they experience, observations during other assessments, informa-
tion from family, screening tools, standardised visual perceptual
screening tests/battery of tests, medical notes). The information
sources rated most important and used most frequently (94%)
were “observation of function” and “asking stroke survivors about
problems they experience.” These information sources are related
to a top-down approach to assessment, which is mandated within
the standard clinical practise for occupational therapists (i.e., 81%
of survey respondents) [2]. Observations made during functional
tasks are often circumstantial and not protocol-driven (non-stand-
ardised), dependent on various factors such as the type of task
(e.g., dressing versus cooking), condition of the stroke survivor,



Table 4. Standardised clinical tests used in screening of visual perception
difficulties.

Assessment Frequency of use

Standardised screen tool or battery (n=125) % (n)
Rivermead Perceptual Assessment Battery 34 (42)
Oxford Cognitive Screen 21 (26)
Behavioural Inattention Test 21 (26)
Visual Object and Space Perception Battery 14 (17)
Montreal Cognitive Assessment 11 (14)
Chessington Occupational Therapy Neurological Battery 9(11)
Addenbrookes Cognitive Examination 8 (10)
Brain Injury Visual Assessment Battery for Adults 6 (7)
Motor-Free Visual Perception Test 2(3)
Rookwood Driving Battery 2(2)
Birmingham Cognitive Screen 2(2)
Occupational Therapy Adult Perceptual Screening Test 2 (2)

Specific screening tests (n = 125)
Cancellation Tests (Line, Bell, Hearts, Stars, Balloon) 2
Line bisection 2
Clock Test 7
Copying Test 3
Object recognition test 3
Colour recognition test 2

2D/3D construction 2 (

Note. Response rate for this item was 58% (125 out of 214), while the question
was intended for respondents who mentioned in the previous question that
they used standardised batteries or screening tools during assessments
(n=123) two additional respondents completed this question. Only tests that
were mentioned by at least two participants are included in the table.

and level of experience of the clinician [42]. Furthermore, asking
stroke survivors about problems they experience has uncertain
reliability, especially where communication is limited; previous
research has shown only 5% of stroke survivors self-report visual
perceptual deficits to clinicians [9,43]. Upon comprehensive and
systematic assessment of visual perceptual problems, up to 76%
of stroke survivors may present with such difficulties [14].
Standardised assessment batteries and screening tools were
reported as the most infrequently used information sources dur-
ing visual perception screening (56-58%), while these information
sources are incontestably the most accurate and reliable indica-
tors of visual perceptual deficit [44]. This confirms our second
hypothesis stating a lack of uniformity in current practice for
screening visual perception difficulties and reliance on diverging
and/or non-standardised information gathering practices. Of the
respondents who administer assessment batteries, near one-third
used a battery that assessed visual perceptual function compre-
hensively. Moreover, 47% of respondents reported administering
screening tools that measure visual neglect only, while only 18%
administer a tool that measures a domain of visual perception.
Taken together, this indicates that for respondents administering
standardised instruments (56-58%), only 34% use measures that
appropriately screen visual perception. Previous studies report
similarly low uses of assessment batteries which measure visual
perceptual functions and high uses of sensory vision and visual
neglect screening tests among occupational therapists [41,45].
Overall, we highlight several problematic aspects of visual per-
ception screening in this evaluation: disparate understanding of
visual perception among clinicians, biases for screening sensory
vision and visual neglect, reliance on non-standardised informa-
tion sources, and selection of ill-suited assessment tools. These
findings may be explained in part by the apparent challenges to
practice faced by clinicians. According to respondents, the most
challenging aspect of visual perceptual screening was “lack of
staff training on the assessment of visual perceptual deficits”
(rated “extremely challenging” by 20% of respondents). Limited
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provision for training clinicians on visual impairment screening
has been emphasised previously [46], though this was not specific
to visual perceptual deficits.

To address these aforementioned challenges, the first step
may be increasing awareness of visual perceptual deficits among
professionals working with stroke survivors, as well as increasing
access to training for screening these deficits. To remediate the
use of sub-optimal assessment tools, we asked respondents what
key characteristics would make a helpful tool for the assessment
of visual perception. Most respondents reported that a visual per-
ception screening tool would be extremely helpful if it was low
cost, suitable for stroke survivors with limited verbal communica-
tion and concentration/awareness, and provided management/
treatment advice with results. Further, respondents reported a
preference for such a tool to be administrable in 15min.
Integrating this feedback into the development of a novel stand-
ardised screening tool for post-stroke visual perception would
serve as an important facilitator to current practice.

Further future research may endeavour to understand how
clinical features in the individual stroke survivor may contribute as
facilitators or barriers to the process of screening for visual per-
ception deficits (e.g., age, gender, the impact of the stroke based
on functional scores such as the Barthel Index) through a clinical
audit. Beyond this, attempts may be made to consolidate existing
tools into a simplified flow chart which may be used to determine
appropriate screening and comprehensive examination of vision
for stroke survivors (in terms of sensory vision, visual perception
and visual neglect). A potential explanation for a lack of insight
into how to assess visual difficulties may stem from unclear refer-
ral pathways. A recent literature review has proposed a potential
referral pathway that may lead to more appropriate and efficient
referrals made [38]; future research efforts to trial these proposed
pathways would go along in improving the rate at which post-
stroke vision assessments are made.

There were two notable limitations to the present study, the
first concerning the sampling approach. We analysed data pertain-
ing to occupational therapists and orthoptists only; other profes-
sionals such as physiotherapists and psychologists may be
involved in the visual perception screening process [45], albeit to
a lesser extent. Further, we sampled only clinicians actively
involved in the screening process, consequently not capturing
feedback from clinicians in stroke services where visual perception
screening is not conducted. At the time of writing, no estimates
of the percentage of services involved in visual perception screen-
ing are available, however, given the bias we observed for sensory
vision screening, this is potentially lower than the 45% of services
in the UK that offer sensory vision screening [45]. Further, our
study was vulnerable to self-selection bias: clinicians without
interest in visual perception screening are less likely to have par-
ticipated in the present study. This bias might have therefore
inflated our importance ratings. Finally, our study concerns only
clinicians working across the UK and Rol, therefore limiting gener-
alisability to practice in other countries.

A second notable limitation of our study is the level of detail
captured in survey items. We explored a broad range of topics
related to visual perception assessment, consequentially leaving
certain topics underexplored. For instance, we did not ask
respondents to detail full referral pathways, assessments offered
at each stage of the care pathway, and rehabilitation options pro-
vided to stroke survivors. Furthermore, we did probe for the
rationale behind importance ratings or choice of information sour-
ces during screening. Further research here may further our
understanding of current post-stroke visual perception screening.
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(A) How challenging are the following barriers while screening for visual perception in stroke

survivors?

1.Staff shortages

4. Physical/cognitive condition of stroke survivor

7. Appropriate standardised tool not developed

2. Limited clinical contact time

5. Insufficient detail within referral

8. Distractions in testing environment

3. Lack of staff training on visual perception difficulties

6. Limited access to appropriate resources

9. Limited/no guidance on visual perception assessment

10. Existing tests abstract/not meaningful for rehab  11. Limited/no guidance on rehab for visual perception difficulties . Extremely Challenging

0% 25% 50% 75%

100% 0%

. Very Challenging
. Moderately Challenging

25% 50% 75% 100% Slightly Challenging

Not Challenging

difficulties following stroke?

1. Pen and paper version of tool

4. Portability of assessment tool

7. Results which are easy to interpret

10. Cost minimal (or free)

0% 25% 50%

2. Tablet/portable computer version of tool

5. Suitability for limited concentration/alertness

8. Management/treatment advice with results

75%

3. Simple instructions for administering and scoring

6. Suitability for limited verbal communication

9. In-depth screening with several subtests

- Extremely Helpful

. Very Helpful

. Moderately Helpful
Slightly Helpful
Not Helpful

100%

Figure 7. (A, B) Current challenges and facilitators to screening of visual perception problems following stroke. Response rates for all items ranged from 97 to

99% (n=207-212).

Conclusion

Post-stroke visual perceptual deficits are screened at a similar rate
to sensory vision deficits and visual neglect. However, how visual
perception is defined and understood appears to diverge among
clinicians. Further complicating this is a reliance on subjective and
non-standardised approaches to screening visual perceptual defi-
cits. These issues may in part contribute to the underdiagnosis of
visual perceptual deficits in stroke survivors. Our study under-
scores the need for increased training provision for professionals
working with stroke survivors on visual perceptual deficit screen-
ing. In addition, a screening tool for post-stroke visual perceptual
deficits would increase early detection and appropriate onward
referrals for a comprehensive assessment.
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