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Abstract 

Aim: This study evaluates the spectrum of visual impairment in stroke survivors.  

Methods: The Impact of Visual Impairment after Stroke (IVIS) study is a multi-centre, 

acute stroke unit, prospective epidemiology study. Comprehensive visual 

examination was offered to all stroke survivors.  

Results: 1500 stroke admissions were recruited. 1204 stroke survivors had visual 

assessment. Reduced central vision was documented in 529, visual field loss in 308, 

ocular motility abnormalities in 533 stroke survivors, visual perception deficits in 59 

stroke survivors and visual inattention in 315 stroke survivors. About half, regardless 

of visual impairment type, were visually asymptomatic. Recovery, whether full or 

partial, was best for central vision, ocular motility abnormalities and visual perception 

deficits (about 70% improvement) occurring over a mean follow-up period of 2-3 

months.  

Conclusions: Incidence of impaired central vision, visual field loss, ocular motility 

disorders and visual inattention was 29.4%, 24.8%, 39.3% and 26.2% respectively. 

Visual impairment was more likely to occur in more severe stroke and older stroke 

survivors. Asymptomatic cases raises concerns for acute stroke units where robust 

specialist vision screening is not routine. Those with partial/no recovery require 

specialist follow-up and management whilst the wide range of abnormalities highlight 

the need for specialist visual assessment acutely.  
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Introduction 

Impaired vision following stroke is well recognised and reported, including eye 

movement abnormalities, visual perceptual deficits, reduced central vision and 

peripheral visual field loss [1]. Whilst visual inattention and visual field loss are most 

widely recognised as visual consequences of stroke, reduced central vision is more 

common but is recognised less [1-3]. We have reported point prevalence of central 

and peripheral vision loss previously as 56% and 28% respectively [2]. Ocular 

alignment and motility abnormalities also occur frequently with a reported prevalence 

of up to 68% [4]. Less is reported about disorders of visual perception (other than 

visual inattention). These are usually described in case reports or small case series 

but there are few collective reports of visual perception disorders in stroke survivor 

cohort studies [5]. 

With such visual impairments the impact to life after stroke for stroke survivors can 

be considerable. Stroke survivors with visual impairment have a poorer quality of life 

with impact to self-care and daily life activities [6,7]. Stroke-related visual impairment 

affects physical and social functioning in addition to emotional well-being [7,8].  

The profile of visual impairment following stroke has received little attention. 

Monocular or binocular vision loss can be an isolated presentation of stroke [9]. 

Reduced central vision has largely been attributed to spectacle need or eye disease 

but with less consideration to new onset low vision after stroke [3,10]. Homonymous 

hemianopia is the most common form of visual field loss due to stroke but less is 

reported on other types of visual field loss [11,12]. Strabismus is an ocular 

misalignment in which both eyes no longer coordinate as a pair and usually causes 

the symptoms of blurred/jumbled or double vision (diplopia). The misaligned eye may 



turn inwards, outwards, up, down or a combination [13]. Ocular motility abnormalities 

are varied following stroke and include ocular cranial nerve palsies, horizontal and 

vertical gaze palsies, nystagmus and deficits in saccadic, smooth pursuit and 

vergence eye movements. Resultant symptoms are often diplopia, oscillopsia, 

reading difficulty and altered vision [14].  

Disorders of visual perception occur frequently following stroke with the most 

commonly recognised disorder being visual inattention/neglect [1,15]. Visual 

perception disorders can include impaired recognition (visual agnosia) of objects 

(object agnosia), faces (prosopagnosia) and colour (achromatopsia), impaired depth, 

impaired constancy (e.g. micropsia, macropsia), sight impairment recognition (e.g. 

Anton’s syndrome, Riddoch phenomenon), and impaired motion or spatial detection 

(e.g. akinetopsia, polyopia, visual perseveration, palinopsia) [1, 15,16]. A further 

disorder, particularly following sight impairment, is visual hallucinations which may be 

formed or unformed and including Charles Bonnet syndrome [15,17].  

 

In this study we aim to profile visual impairment following stroke in a large 

epidemiology study, taking into account the extent and type of visual impairment, 

associated symptoms and ocular deficits, management options and outcomes.  

 

Methods 

Population 

The Impact of Visual Impairment after Stroke (IVIS) study was undertaken in three 

hospital hyper-acute and acute stroke units in the North West of England. The target 



population was stroke survivors in the acute phase (within 2 weeks post stroke 

onset) following admission to hospital with a clinical diagnosis of stroke confirmed by 

the admitting stroke physician. Brain imaging data was collected, where available on 

hospital admission, from reports provided by the radiology team. 

Ethical approval was obtained from the Health Regulatory Authority (Research 

Ethics Committee reference 14/NW/0166) and the study was undertaken in 

accordance with the Tenets of Helsinki. This paper was written in accordance with 

the STROBE statement [18].  

Exclusion criteria were stroke survivors less than 18 years old. Inclusion criteria were 

stroke survivors 18 years of age or older with the ability to agree to vision screening 

using verbal or non-verbal indications of agreement. 

Assessment 

Assessment of visual function included: 

• visual acuity for near and distance, monocular and binocular (logMAR, Cardiff 

grating acuity cards, Vocational near visual acuity, fixing and following 

observations),  

• visual field assessment (visual fields to confrontation, static/kinetic perimetry), 

• ocular alignment assessment (cover/uncover test),  

• rotation of eye movements (saccadic and smooth pursuit movements),  

• vergence (near point of convergence, divergence ability),  

• simultaneous perception (Bagolini glasses), 

• stereopsis (Frisby stereotest),  

• fusional vergence (20 prism dioptre base-out, prism fusion range),  

• lid and pupil function, 



• visual perception (non-validated checklist; Figure 1 [19]),  

• stereopsis (Frisby stereotest),  

• visual inattention (line bisection, cancellation task, clock drawing, memory-

guided tasks, room description, clinical observation).  

Visual acuity was measured with appropriate spectacle correction, using logMAR 

charts with measurements in numerical increments up to 1.0 logMAR. Lower visual 

acuity measurements were graded as logMAR estimates of 1.5 for 3/60 acuity, 2.0 

for hand movements/following face acuity, 2.5 for light perception and 5.0 for no 

perception of light.  

Assessments on the stroke unit were initially carried out at the patient’s bedside 

using portable equipment. Additional vision assessments were conducted where 

indicated to aid diagnosis. We sought verification of ocular history within the year 

prior to stroke onset. Where new onset impaired central vision was noted, checks for 

refractive error and ophthalmic pathology were made as part of the full specialist 

vision assessments to enable accurate diagnosis. We accounted for cases where 

reduced central vision could be attributed to the need for glasses update, new 

prescription, or to ocular conditions such as cataract, age-related macular 

degeneration, glaucoma or other eye disease plus for childhood onset conditions 

such as amblyopia and strabismus. A standardised assessment strategy was used 

with follow-up provided for those with visual impairment, usually at weekly intervals 

while an in-patient and, for out-patient visits, at 4, 12 and 26 weeks, and with 

allowance for longer follow-up where relevant according to individual patient needs 

[2].  



Data were collected on stroke type, gender, age at stroke, ethnicity and stroke 

severity. Stroke severity was indicated by the Barthel score. This was chosen 

instead of the NIH stroke scale as the Barthel assessment is a measure of general 

functional performance based on activities of daily living and hence, was more 

relevant to our evaluation of impact of visual impairment among stroke survivors.  

Low visual acuity was defined as worse than 0.5 logMAR (6/18 Snellen equivalent) 

by World Health Organisation levels [20] and also 0.3 logMAR (6/12 Snellen 

equivalent) by UK (Driver Vehicle Licencing Authority: DVLA) driving requirements 

[21]. Visual field loss was defined as loss of part of the central and/or peripheral field 

of vision, and classified by type, e.g. homonymous hemianopia, quadrantanopia, 

scotoma. Full recovery was defined as resolution of visual acuity to better than 0.2 

logMAR (6/9 Snellen equivalent) and visual field boundaries for central and 

peripheral visual field equivalent to age-matched perimetry norms. 

In the context of ocular motility abnormalities, binocular vision was defined as the 

strength and quality of the binocular co-ordination of the eyes in maintaining straight 

ocular alignment and inclusive of fusional vergence and stereopsis. Full recovery was 

defined as resolution of symptoms of visual perceptual deficit, pen/paper task 

responses within normal range, and objective clinical (by the multi-disciplinary stroke 

team) assessment of functional resolution for visual inattention.  

 

Analysis 

Descriptive statistics were used to report types of visual impairment and categories 

such as hemianopia, quadrantanopia, scotoma, gaze palsy, ocular cranial nerve 

palsy and strabismus, alexia, visual hallucinations and agnosia. Results of visual 



function assessments were captured as numerical data. Independent samples 

analysis with chi square and Kruskal-Wallis tests were used for evaluation of stroke 

onset, gender, type of stroke and age. An independent t-test was used for parametric 

comparisons between groups and Mann Whitney test for non-parametric 

comparisons between groups.  

 

Results 

IVIS cohort 

1500 stroke admissions were recruited over 15 months (1st July 2014 - 30th 

September 2015). Mean age at time of stroke was 73.27 years (SD 13.67) with 

48.1% female and 51.9% male. Brain imaging was obtained by CT scan in 1289 

(85.9%) stroke survivors and by MRI for 144 (9.6%). Sixty-seven (4.5%) did not have 

imaging reports available. Stroke type was infarction in 87.5% and haemorrhage in 

12.5%, right-sided in 46.3%, left-sided in 47.9% and bilateral stroke in 5.5%. Stroke 

severity measured by Barthel score was a mean of 9.75 (SD 7.76). Ethnicity included 

white British (94.2%), white Irish (0.9%), other white (1.5%), Indian 

(0.6%), Pakistani (0.5%) and Chinese (0.5%).  

296 did not have vision assessments; 116 died and 180 were unable to undergo 

assessment (figure 2). Of 1204 stroke survivors, 337 had normal eye examinations 

and were discharged from further vision follow-up. Of 867 found to have vision 

problems during assessment, 164 were attributed to prior ocular history including 

spectacle wear, childhood strabismus/amblyopia, and eye disease (e.g. glaucoma, 

age-related macular degeneration, diabetic retinopathy, cataract). New onset stroke-

related visual problems were present in 703 stroke survivors. Visual assessments 



were undertaken as soon as possible after admission to the acute stroke unit, using 

a standardised assessment strategy, and typically within the first week for the 

majority of stroke survivors as reported previously [2]. 

Stroke survivors who underwent vision assessment were younger (p=0.0001) and 

had less severe strokes (p=0.0001). Those not assessed (figure 2) or who died prior 

to vision assessment were more likely to be female (p=0.0001) and have 

haemorrhagic stroke (p=0.0001). Stroke survivors with new onset visual impairment 

were older in age (p=0.0001) and with more severe strokes (p=0.0001) than those 

with prior unrelated, or no, visual impairment. There was no significant difference for 

gender (p=0.365) or stroke type (p=0.083) (table 1). Thrombolysis was administered 

for 144 stroke survivors (4.9%). There was no significant difference for those having 

thrombolysis or not, with regard to presence of visual impairment or normal visual 

function (p=0.778).  

Central visual impairment 

Of 703 stroke survivors with visual impairment, 529 (75.2%) had impaired central 

vision (43.9% of assessed stroke survivors – point prevalence). Central visual 

impairment was due to prior causes and unrelated to the stroke in 175 stroke 

survivors and a new visual impairment in 354 stroke survivors (incidence of 29.4%). 

Mean age for this group was 76.4 years (SD 12.2) and mean Barthel score was 7.81 

(SD 6.95). There were 46.7% females and 53.5% males, 89% infarct and 11% 

haemorrhage strokes. Area of brain involvement is outlined in figure 3a.  

Of 354 stroke survivors with impaired central vision, 207 (58.5%) were visually 

asymptomatic. Visual symptoms were reported by 147 stroke survivors, primarily 

blurred/altered vision and reading difficulty (figure 4). Those that were asymptomatic 



were more likely to be older (although not significantly, p=0.064) but had more 

severe stroke (p=0.0001).  

Mean and median visual acuity levels for right and left eyes and binocular acuity are 

shown in table 2 for near and distance. Mean visual acuity levels of each eye were 

below low vision levels of 0.5 logMAR at first assessment (at mean 9.91 days, SD 

25.85 days; median 4 days (0-369) post stroke onset). 81.4% (n=288) wore 

spectacles for their visual acuity assessment. Previous ocular history other than 

spectacles included attendance at eye clinics for unknown eye conditions (8.2%), 

childhood strabismus/amblyopia (5.4%) and known eye conditions (21.5%): 

glaucoma, cataract, macular degeneration, diabetic retinopathy, prosthesis. There 

were no reported past eye problems for 47.2% and past ocular history was unknown 

for 17.8%.  

For those for whom driving status was known (n=179), 56 had given up driving prior 

to their stroke, six were driving and 45 had paused driving for the 4-week 

recommended period immediately following stroke. Seventy-two had never driven. 

Reduced central vision was the sole visual impairment for 46 stroke survivors. For 

the remainder there were additional visual impairments including visual field loss 

(47.7%, n=169), visual inattention (49.7%, n=176), visual perceptual difficulty (8.5%, 

n=30) and ocular motility abnormality (74.9%, n=265). 

Visual acuity improved on follow-up with a mean follow-up of 93.75 days (SD 102.84) 

after stroke; median 58 days (range 1-530). Full recovery (better than 0.2 logMAR) 

was recorded for 35.6% (n=126), partial recovery for 36.4% (n=129) and no recovery 

noted for 25.4% (n=90). The remaining stroke survivors did not have follow-up data 

because of illness, discharge or death. The time duration to attain full recovery was 



47.71 days (SD 55.87; median 31 days (6-308)). Older stroke survivors were less 

likely to show recovery (p=0.029) but there was no significant difference for those 

with or without recovery in visual acuity levels for gender (p=0.266) or stroke severity 

(p=0.393).  

A variety of management strategies were provided and typically targeted at the 

primary visual symptom. Most commonly, stroke survivors were referred to 

optometry or low vision services (51.7%) and given compensatory strategies and 

information resources (25.4%).  

Visual fields 

Of 703 stroke survivors with visual impairment, 308 (43.8%) had visual field loss 

(25.6% of assessed stroke survivors – point prevalence). Ten stroke survivors had 

visual field loss due to prior events (nine with constricted visual fields, arcuate 

defects or scotoma defects (glaucoma) and one with partial hemianopia due to a 

previous stroke). Of 298 stroke survivors with new onset visual field loss (incidence 

of 24.8%), 294 were entirely new onset and four stroke survivors had new visual field 

loss in addition to previous visual field loss: three had previous hemianopia but with 

new visual field loss on the other side and one had previous quadrantanopia with 

new extension.  

Mean age for this group was 74.1 years (SD 12.9) and mean Barthel score was 7.4 

(SD 7.33). There were 46.6% females and 53.4% males, 85.9% infarct and 14.1% 

haemorrhage strokes. Visual field loss was right sided in 47% (n=140), left sided in 

48% (n=143) and bilateral in 5% (n=15). Area of brain involvement is outlined in 

figure 3b.  



Stroke survivors reported no visual symptoms in 46% (n=137) despite presence of 

significant visual field loss such as hemianopia. The remaining stroke survivors 

reported mainly visual field loss (18.5%), blurred or altered vision (18.5%) amongst 

other symptoms (e.g. visual hallucinations, colour defect, depth impairment, dry 

eyes, photophobia, etc.; figure 4). Those that were asymptomatic were older 

(p=0.006) and had more severe stroke (p=0.0001). There was no significant 

difference for reporting symptoms regarding gender (p=0.471), stroke type 

(p=0.218), or if visual field loss was complete or partial (p=0.110).  

For those for whom driving status was known (n=158), 54  had given up driving prior 

to their stroke, two were driving, three had given up driving following stroke as 

medically advised and 47 had paused driving for the 4-week recommended period 

immediately following stroke. Fifty-two had never driven. Type of visual field loss is 

shown in table 3. The most common type was homonymous hemianopia (72.5%). 

Visual field loss was the sole visual impairment for 46 (15.4%) stroke survivors. For 

the remainder there were additional visual impairments including reduced central 

vision (77.5%, n=231), visual inattention (63.1%, n=188), visual perceptual difficulty 

(14.1%, n=42) and ocular motility abnormality (73.5%, n=219). 

Visual field loss improved on follow-up with a mean follow-up of 70.19 days (SD 

83.25) post stroke; median 38.5 days (range 8-426). Full recovery (normal visual 

field isopters) was recorded for 29.5% (n=88), partial recovery for 7.4% (n=22) and 

no recovery noted for 21.5% (n=64). The remaining stroke survivors did not have 

follow-up data because of illness, discharge or death. The time duration to attain full 

recovery was 52.36 days (SD 16.17; median 5 days (0-305)). Stroke survivors who 

recovered were not significantly different those with no recovery in terms of age 



(p=0.267), gender (p=0.210) and stroke type (p=0.116). However, a significant 

difference was found for complete versus partial visual field loss (p=0.0001) in that 

recovery was more likely for partial hemianopia.  

A variety of management strategies were provided and targeted at the primary visual 

symptom. These included scanning training (5.7%), reading strategies and training 

(11.1%), Peli prisms (2.0%) and other treatments for binocular vision symptoms 

(22.5%), low vision aids and prisms for diplopia.  

Ocular motility abnormalities 

Of 703 stroke survivors with visual impairment, 533 (75.8%) had ocular motility 

abnormalities (44.3% of assessed stroke survivors – point prevalence). Ocular 

motility abnormalities were due to prior causes and unrelated to the stroke in 60 

stroke survivors. A prior history of childhood strabismus and/or amblyopia was 

present for 19 stroke survivors with further history of ocular disease for 26 stroke 

survivors. New ocular motility abnormalities were documented in 473 stroke 

survivors (39.3% of assessed stroke survivors – incidence); 448 stroke survivors had 

entirely new ocular motility abnormalities. Twenty-five stroke survivors had new 

ocular motility abnormalities but also had prior issues including; 21 with previous 

ocular motility abnormalities, two with previous ocular motility abnormalities and 

reduced central vision, one with previous strabismus and one with previous 

strabismus, ocular motility abnormality and reduced binocular vision.  

Mean age for stroke survivors with ocular motility abnormalities was 74.22 years (SD 

13.79) and mean Barthel score was 8.08 (SD 7.28). There were 45% female and 

55% male, 90.5% infarct and 9.5% haemorrhagic strokes. The stroke lesion was 



right-sided for 46.9%, left-sided for 46.7% and bilateral for the remainder. Area of 

brain involvement is outlined in figure 3c.  

Of 473 stroke survivors with ocular motility abnormalities, 243 (51.4% were visually 

asymptomatic. Visual symptoms were reported by 230 stroke survivors, primarily 

blurred/altered vision, diplopia and reading difficulty (figure 4). Those that were 

asymptomatic were older (p=0.002), had more severe stroke (p=0.001) and were 

female (p=0.026). Although many reported visual symptoms on admission, others did 

not become aware or did not report visual symptoms until after the acute phase. The 

mean duration from stroke admission to reporting of visual symptoms was 16.02 

days (SD 39.06; median 3 days, range 0-396). In comparison mean duration from 

stroke admission to time of diagnosis of ocular motility abnormality was 10.64 days 

(SD 21.21).  

For those for whom driving status was known (n=256), 96 (37.5%) were drivers of 

which 91 had paused driving in keeping with recommendations for no driving within 4 

weeks of stroke onset. Eighty-five had never driven, and 75 had given up in the 

years prior to their stroke.  

Ocular motility abnormalities were the sole visual impairment for 87 (18.4%) stroke 

survivors. For the remainder there were additional visual impairments including 

reduced central vision (74.6%, n=353), visual inattention (44.2%, n=209), visual 

perceptual difficulty (8%, n=38) and visual field loss (41.9%, n=198). 

Type of strabismus is shown in figure 5a for near and distance fixation. There was no 

ocular misalignment (i.e. co-ordinated straight eyes present in primary gaze) in 

72.3% (n=342). Seventy (4.8%) of stroke survivors had strabismus at all distances, 

25 (5.3%) had strabismus only at near distance, and eight (1.7%) had strabismus 



only at far distance. Binocular vision deficits were present in 184 (38.9%) of stroke 

survivors consisting of reduced motor fusional vergence and/or impaired depth 

perception.  

Type of ocular movement disorder is shown in figure 5b. Disorders of ocular 

movement were present in 384 (81.2%) of stroke survivors. The most common 

disorders were impaired elevation, horizontal gaze palsy, smooth pursuit palsy, 

saccadic dysmetria, impaired convergence and nystagmus. Of those with impaired 

convergence, this was absent for most (55 of 87 cases). Type of nystagmus is 

shown in figure 5c with the most common type being gaze evoked nystagmus.  

Ocular motility abnormalities improved fully or partially, overall, for 328 (69.4%) of 

stroke survivors on follow-up with a mean follow-up of 97.43 days (SD 102.21) post 

stroke; median 58 days (range 1-529). Full recovery (straight ocular alignment with 

full ocular rotations and restored binocular vision) was recorded for 15% (ocular 

misalignment), 35.7% (ocular movement disorders) and 26% (binocular vision 

impairment). The time duration to attain full recovery was 88.58 days (SD 94.25) for 

ocular misalignment, 59.66 days (SD 64.71) for ocular movement disorders and 

58.02 days (SD 66.58) for binocular vision impairment. Stroke survivors who 

recovered were not significantly different to those with no recovery in terms of stroke 

type (p=0.365). However, a significant difference was found for recovery versus no 

recovery for age (p=0.002; younger age for those showing recovery), gender 

(p=0.031; more females in non-recovered group), and stroke severity (p=0.038; less 

severe stroke for those showing recovery). 

A variety of management strategies were provided and targeted at the primary visual 

symptom. These included prisms or occlusion (10.4%), scanning training (5.9%), 



orthoptic exercises (1.3%), advisory and compensatory strategies (24.1%) and 

referral to optometry, low vision and ophthalmology clinics (50.7%). 

Visual perception abnormality 

Of 703 stroke survivors with visual impairment, 315 (44.8%) had new onset visual 

inattention (26.2% of assessed stroke survivors – incidence) and 59 (8.4%) had 

visual perceptual deficits other than visual inattention (4.9% of assessed stroke 

survivors – point prevalence).  

Mean age for stroke survivors with visual inattention was 75.82 years (SD 6.01) and 

mean Barthel score was 12.63 (SD 6.35). There were 48.9% female and 51.1% 

male, 87.3% infarct and 12.7% haemorrhage strokes, 50.2% right-sided stroke, 

47.0% left-sided stroke and 2.9% bilateral. Area of brain involvement is outlined in 

figure 3d.  

Visual inattention was diagnosed through clinical observations by the multi-

disciplinary stroke team in 174 (55.2%) stroke survivors and by pen and paper tasks 

in 141 (44.8%). Cases were recorded as mild in 95 (30.2%) and severe in 155 

(49.2%) with the remaining stroke survivors not having the severity of visual 

inattention recorded. Visual inattention was left-sided in 123 stroke survivors (39.0%) 

and right-sided in 190 (60.3%). Side of inattention was not specified for two stroke 

survivors who had bilateral stroke and inconsistent responses on assessment and 

observation. There was no difference between mild or severe cases for age 

(p=0.514), stroke type (p=0.334) or right versus left side visual inattention (p=0.510). 

However those with severe visual inattention had worse stroke severity (p=0.012) 

and were more likely to be female (p=0.006). 



Of 315 stroke survivors with visual inattention, visual symptoms were not reported by 

184 (58.4%) stroke survivors. Visual symptoms were reported by 131 stroke 

survivors, primarily relating to other associated visual impairments such as 

blurred/altered vision, visual field loss and diplopia (figure 4) and at a mean of 17.1 

days post stroke onset (SD 45.4). Additional visual impairments included reduced 

central vision (79.0%, n=249), visual perceptual deficits (8.6%, n=27), visual field 

loss (61.6%, n=194) and ocular motility abnormality (74.6%, n=235). 

Only two stroke survivors reported visual symptoms relating to mild visual 

inattention. Those that were asymptomatic had more severe stroke (p=0.002); mean 

Barthel score of 5.0 (SD 5.9) for asymptomatic stroke survivors versus 7.4 (SD 6.7) 

for symptomatic stroke survivors. There was no significant difference for reporting 

symptoms regarding age (p=0.162), gender (p=0.185), stroke type (p=0.728) or 

stroke laterality (p=0.110).  

For those for whom driving status was known (n=159), two were driving and 57 had 

paused driving on the recommendation of not driving within 4 weeks of stroke onset. 

Sixty had never driven and 40 had been previous drivers but had given up prior to 

their stroke. Prior/current driving status was unknown for 156 (49.5%) of stroke 

survivors.  

Visual inattention improved on follow-up with a mean follow-up of 99.09 days (SD 

102.17) post stroke. Full recovery was recorded for 45.1% (n=142), partial recovery 

for 15.2% (n=48) and no recovery noted for 38.1% (n=12017). Five remaining stroke 

survivors did not have follow-up data because of illness, discharge or death. The 

time duration to attain full recovery was 54.42 days (SD 56.22). Stroke survivors who 

recovered were not significantly different those with no recovery in terms of age 



(p=0.190) and stroke type (p=0.518). However, a significant difference was found for 

stroke severity (p=0.05 – more severe strokes showed least recovery), gender 

(p=0.0001 – less females made a full recovery), severity of inattention (p=0.0001 – 

more severe inattention showed least recovery) and right versus left inattention 

(p=0.045 – more cases of right-sided inattention showed full recovery). However the 

time taken to achieve recovery was not significantly different for right versus left 

visual inattention or for mild versus severe cases.  

A variety of management strategies were provided and targeted at the primary visual 

symptom. These included ophthalmology/optometry referral (44.1%), information 

resources (30.5%), scanning training (14.3%), low vision aids (4.1%) and options 

such as Peli prisms, prisms/patching for diplopia and reading strategies. 

Visual perceptual deficit was due to prior causes and unrelated to the stroke in two 

stroke survivors; one stroke survivor with formed visual hallucinations due to age-

related macular degeneration, and one stroke survivor with unformed visual 

hallucinations due to retinal disease. New deficits were recorded in 57 stroke 

survivors (4.7% of assessed stroke survivors – incidence). Mean age for this group 

was 71.02 years (SD 11.89) and mean Barthel score was 9.96 (SD 8.11). There 

were 49.1% female and 50.9% male, 94.7% infarct and 5.3% haemorrhage strokes. 

Area of brain involvement is outlined in figure 3d.  

Of 57 stroke survivors with visual perceptual deficits, ten (17.5%) were visually 

asymptomatic. Visual symptoms were reported by 47 stroke survivors, primarily 

blurred/altered vision, visual field loss and visual hallucinations (figure 4d) and at a 

mean of 21.0 days post stroke onset (SD 37.3). Visual symptoms were not always 

reported at first assessment. One third reported visual symptoms at subsequent 



follow-up eye assessments. Those that were asymptomatic had more severe stroke 

(p=0.0001); mean Barthel of 5.3 (SD 7.6) for asymptomatic stroke survivors versus 

13.37 (SD 6.76) for symptomatic stroke survivors. There was no significant 

difference for reporting symptoms regarding age (p=0.169), gender (p=0.701), or 

stroke type (p=0.413).  

For those for whom driving status was known (n=30), one was driving and six had 

paused driving on the recommendation of not driving within 4 weeks of stroke onset. 

Nine had never driven and 13 had been previous drivers but had given up prior to 

their stroke. Type of visual perceptual deficit is shown in figure 6. Twenty-two stroke 

survivors had a single visual perceptual deficit whilst 35 had multiple visual 

perceptual deficits. The most common overall type was visual hallucinations (82.5%). 

Additional visual impairments included reduced central vision (73.7%, n=42), visual 

inattention (47.4%, n=27), visual field loss (71.9%, n=41) and ocular motility 

abnormality (68.4%, n=39). 

Visual perceptual deficits improved for 70.2% on follow-up with a mean follow-up of 

175.89 days (SD 139.50) post stroke. Full recovery was recorded for 59.6% (n=34), 

partial recovery for 7.0% (n=4) and no recovery noted for 29.8% (n=17). Two 

remaining stroke survivors did not have follow-up data because of illness or 

discharge. The mean time duration to attain full recovery was 45.4 days (SD 34.95). 

Stroke survivors who recovered were not significantly different those with no 

recovery in terms of age (p=0.064), stroke severity (p=0.836), gender (p=0.312) and 

stroke type (p=0.946). However, a significant difference was found for type of visual 

perceptual deficit (p=0.037) in that recovery was twice as likely for visual 

hallucinations.  



A variety of management strategies were provided and targeted at the primary visual 

symptom. These included optometry referral (38.6%), information resources (26.4%), 

scanning training (19.4%), reading strategies (7.1%), Peli prisms (1.8%) low vision 

aids (1.8%) and patching for diplopia (3.5%).  

  

 

Discussion 

In this study we report presence of central visual impairment, visual field loss, ocular 

motility abnormalities, visual inattention and visual perception deficits in 43.9%, 

25.6%, 44.3%, 26.2% and 4.9% respectively of stroke survivors (point prevalence) 

and new onset (incidence) in 29.4%, 24.7%, 39.3%, 26.2% and 4.7% respectively of 

stroke survivors as a result of their stroke. 

Prevalence of visual impairment in terms of central vision and visual field loss has 

been reported in the literature as up to 70% and 57% respectively [4,12,22,23]. We 

confirm previous reports that ocular motility abnormalities occur more frequently than 

the more commonly recognised visual impairments of homonymous hemianopia and 

visual neglect following stroke [1,24]  with incidence of visual inattention similar to 

previously reported figures [5,25-27].  

In addition to the timing of assessment, considerable variances in reporting of 

prevalence relates to the assessment method and choice of cohort (e.g. 

epidemiology study, right hemisphere stroke study, inclusion of suspected visual 

impairment only). The IVIS study differs here in that its design was as a prospective 

epidemiology study recruiting all stroke admissions over a defined time period and 



with no exclusion criteria other than non-strokes and children. Thus, we report 

incidence in addition to prevalence rates for the cohort.  

There were a proportion of our recruited cohort that could not be visually assessed at 

any time point; some because they died or because of other factors such as being 

medically unwell, on the end of life pathway, unable to attend an eye appointment or 

being discharged out of area. Significantly, those not assessed were older and had 

more severe strokes than those who underwent visual assessment. Arguably, if 

assessment had been possible, they may have been more likely to have visual 

impairment because of factors such as the greater severity of their stroke [10]. 

Stroke survivors who were confirmed as having visual impairment were also 

significantly older and with more severe strokes than stroke survivors who had no 

visual impairment or with pre-existent visual problems unrelated to their stroke.  

Visual acuity is a primary measure of central visual function. The majority (81.4%) of 

stroke survivors needed glasses and wore their current glasses for visual acuity 

assessments. The mean near and distance visual acuities were below cut-off levels 

of low vision defined by the World Health Authority [20] and, by default, below levels 

acceptable for driving according to international driving regulations [21,28]. Our 

findings are similar to other studies reporting reduced central vision with reports of 

15-25% at logMAR levels worse than 0.5 [29,30]. New onset reduced central vision 

may be due to stroke-related impact to the visual pathway. Arterial blood supply to 

the retina is from the central retinal artery – a branch from the anterior cerebral 

artery. Healthy vascular perfusion of the retina, and particularly the foveal and 

macular areas, is essential to high level central vision [2]. It is feasible that reduced 

central vision following stroke may reflect reduced perfusion and relative ischaemia 



within the anterior visual pathway. Visual field loss was predominantly homonymous 

hemianopia and quadrantanopia as is frequently reported [31-34].  

The types of strabismus and ocular motility disorders documented in this study were 

consistent with those reported in the literature with the most common form of 

strabismus being exotropia and the most common forms of ocular motility disorders 

being saccadic dysmetria and gaze palsies [1,10]. Often, strabismus in neurological 

conditions is due to coexistent ocular motility disorders, for example esotropia due to 

sixth nerve palsy or exotropia due to internuclear ophthalmoplegia. Isolated 

strabismus in neurological conditions is often a skew deviation [35,36]. However, a 

more common isolated neurological strabismus in stroke is exotropia which we 

confirm as prevalent in this study as in previous studies [5,37] and with the expected, 

but unusual, high number of asymptomatic cases in this particular form of exotropia.   

The ocular motility disorders documented in this study were representative of those 

reported previously [1,24,38]. Vertical gaze palsies were more common than 

horizontal gaze palsies but it is recognised that gaze palsies, in general, are often 

caused by stroke [39] with site of stroke typically in the brainstem but often as very 

small lesions that can be easily missed on neuroimaging [40,41]. Convergence 

deficits were also common.  

The most common type of visual perception disorder, after visual inattention, was 

visual hallucinations. These comprised both formed and unformed hallucinations. 

Formed visual hallucinations included those classed as complex (Charles Bonnet 

syndrome) [17,42]. Other visual perception disorders included achromatopsia, object 

agnosia, alexia, prosopagnosia, amongst many others, and similar to cases 

described in the literature [15,16,43-50]. Many visual perceptual disorders were 



associated with other stroke-related visual impairments such as visual field loss; a 

recognised occurrence [5,48,51].  

Driving is an important consideration for people with acquired visual impairment. 

Reduced central vision, double vision and visual field loss have a negative impact on 

the skills and level of sight needed for driving [52]. There were reduced numbers of 

stroke survivors with visual impairment who were known current drivers although 

known driving status could only be ascertained for about half of stroke survivors. 

Regulations for driving are strictly outlined internationally [21,28] but it was surprising 

that so few of our cohort were current drivers. About one-third had never driven and 

more had given up in recent years with older age and co-morbidities being potential 

factors explaining the latter. However, we acknowledge that it was not possible to 

obtain driving status information for half of those in this study so these figures could 

underestimate those actually driving up to the time of their stroke.  

A high proportion of our stroke survivors were visually asymptomatic; 58.5% with 

reduced central vision, 46.0% with visual field loss, 51.4% with ocular motility 

abnormalities, 58.4% with visual inattention, but just 17.5% with visual perception 

deficits. These individuals were more likely to be older and had more severe strokes. 

Previous studies have reported visually asymptomatic rates of 55-62% [1,53]. Often 

the visual symptoms that stroke survivors report did not always point definitively to 

their primary underlying visual problem. For example, those with visual field loss 

quite often would state that their vision was ‘not quite right’ or ‘altered from before’ 

rather than describing a defined missing part of their field of vision. Those with visual 

inattention reporting visual symptoms were those relating to other coexistent visual 

impairments including blurred vision, visual field loss and diplopia. Symptom 

reporting in visual inattention is not usually expected unless there is awareness of 



parts of the deficit [10,54,55]. Two of our patients reported visual symptoms specific 

to their visual inattention – notably both were mild cases. Significantly, our 

asymptomatic patients with either visual perception disorders or visual inattention 

were also those with more severe strokes. The lack of symptoms is linked to 

impaired activities of daily living, outcome and disability after stroke [23].  

The symptom of diplopia was not as common as the symptom of blurred, altered or 

jumbled vision. Dadia and colleagues [24] reported diplopia as a symptom in just 

12% of their cohort of stroke survivors, similar to this study. Walter and colleagues 

[35] noted that when strabismus angle is small, patients more often complain of 

blurred vision rather than diplopia, an observation which we agree with, based on our 

findings.  

For visually asymptomatic stroke survivors, there is potential for these individuals to 

go undetected with regard to their visual impairment on the basis that no symptoms 

may indicate no impairment [23,32]. It is often only when more mobile and after 

discharge that these individuals begin to struggle because of their impaired vision 

[56-58]. This has a negative impact on stroke rehabilitation and functional 

independence [41,59,60]. This was particularly the case for stroke survivors with 

ocular motility disorders. Late reporting of visual symptoms also occurred for those 

with visual perception deficits, at an average of three weeks post-stroke onset. This 

highlights the difficulty in determining the presence of visual perception disorders by 

patient reporting alone. Indeed, it is known that patients with visual perceptual 

symptoms are less likely to report these symptoms for fear of stigma/mental decline 

that might be attributed to such unusual symptoms [5,16,61]. These factors 

contribute to the known under-reporting of visual perception disorders [42]. Unless 

members of the acute stroke team formally screen for visual function disorders 



robustly, these deficits will go undetected. There is importance to these figures: 

whilst awareness of hemianopia and visual neglect remain high for clinicians who 

care for stroke survivors, awareness of ocular motility abnormalities, central visual 

impairment and visual perceptual deficits (other than inattention) is less with 

minimum targeted screening to enable detection of these visual problems. 

In the absence of Orthoptic services, use of specific stroke/vision screening tools is 

advised [19,62]. Access to early and targeted management options for visual 

impairment can be further facilitated by integrated stroke/vision services [63,64].  

 

 

Management options were targeted at primary visual symptoms including 

appropriate optometric assistance, low vision aids and compensatory strategies for 

impaired central vision, and visual scanning training and reading strategies for visual 

field loss.  

A range of management strategies were targeted to the individual’s visual symptoms 

such as visual scanning training, optometric assistance, low vision aids and reading 

strategies for impaired central vision and visual field loss, and patching or prisms to 

alleviate jumbled or double vision. Because of the very heterogenous profile of visual 

perception disorders management strategies can be difficult to apply but, for this 

cohort, were aimed at the individual visual symptoms. Our management strategies 

mirrored those reported previously and common in routine clinical eye care practice 

[1,63]. Further, we provided advice and compensatory strategies which are generally 

regarded as of being of benefit [1,2,65].  Ensuring prompt referral to specialist eye 



services is essential to accessing the appropriate short- and long-term management 

for these visual impairments.  

The outcomes for stroke survivors with visual impairment were promising. Overall, 

over half showed full or partial recovery. A high rate of recovery (over two thirds) was 

recorded for those with ocular motility abnormalities, impaired central vision and 

visual perception disorders and for 60% of those with visual inattention. Nearly 60% 

of those with visual perceptual deficits recovered fully within about 45 days from 

stroke onset, whilst just under 30% had no recovery. Recovery was particularly high 

for those with visual hallucinations. For visual inattention, 45% recovered fully within 

2-3 months of stroke onset as assessed by pen and paper tasks although it is 

acknowledge that such tests may not fully reflect the extent of visual inattention for 

which some aspects are task dependent and with recovery over a longer time period 

[66].  

Visual acuity levels showed improvement over an average follow-up period of 48 

days (median 31 days) and over one-third recovered normal visual acuity, one-third 

had partial recovery and one quarter showed no improvement in their visual acuity. 

Recovery of reduced central vision is expected for many stroke survivors [23]. 

However, knowledge of a person’s reduced vision in the first 48 days may help other 

members of the stroke team to optimise other rehabilitation therapies. Full recovery 

was recorded for 29.5% which occurred within a mean of 52.36 days (median 5 

days). Partial recovery was noted for 7.4%. Our recovery rates are similar to the 

ranges reported in the literature and confirm a more rapid recovery trajectory for full 

recovery than those achieving partial recovery [10,23]. There was a higher number 

of stroke survivors with visual field loss that could not be followed up (e.g. 

subsequent death, discharge out of area). Thus, our recovery rates could be 



underestimates. Full spontaneous recovery of hemianopia is reported to occur within 

2-3 weeks of stroke onset with slower partial recovery occurring between 3-6 months 

following stroke [4,20,24-26]. We found partial hemianopia to have better recovery 

rates than complete hemianopia which confirms previous reports [21,22].  

Recovery for ocular motility abnormalities was over an average period of up to three 

months which reflects recovery periods for neurological strabismus [13,26]. Full 

recovery ranged from 15-36% dependent on whether this was for strabismus, 

binocular vision and/or ocular motility disorder but with least full recovery for those 

with strabismus. Full recovery rates were less for our stroke survivors in comparison 

to ocular motility abnormalities from general neurological cohort studies. For 

example, recovery of isolated skew deviation is reported in 42% and recovery in 

ocular cranial nerve palsies due to microvascular causes in up to 85% of cases 

[13,27,28]. Thus, the aetiology and mechanism of cause of ocular motility 

abnormality is important when considering likely recovery. 

In this study, those showing recovery were younger in age, more likely to be male 

and had less severe strokes. Conversely, lack of recovery was significantly 

associated with stroke severity and was worse for females. Notably there remains a 

persistent issue for those with partial or no recovery as they will have long-term 

needs for managing their visual symptoms and requiring specialist eye care for this. 

A small proportion of our stroke admissions received thrombolysis (<5%). Arguably, 

with better prevention and better access to acute interventions, outcomes would be 

substantially improved for stroke survivors.  

Limitations 



The IVIS study population was from the North West of England so caution must be 

exerted when considering generalisability of our findings to other geographic areas. 

Follow-up was not possible for all stroke survivors in this study. Further, for those 

receiving follow-up, this was constrained by study duration and therefore limited to 

12 months post-stroke for the majority of stroke survivors. Thus, it is possible that the 

full extent of management options, such as long-term extraocular muscle surgery, 

were not captured for some cases. However, this was a pragmatic study reflecting 

typical clinical practice across three acute stroke units. All vision assessments were 

conducted by orthoptists. In the absence of orthoptists in acute stroke units and in 

other countries, use of robust, validated vision screening tools are recommended.  

 

Conclusions 

This prospective epidemiology study outlines the profile and outcomes of stroke 

survivors with visual impairment. Standardised visual assessments, in accordance 

with national clinical guidelines, underpinned this study and highlights the merits of 

appropriate vision services on acute stroke units. Visual impairment is common 

following stroke. We report incidence of 29.4%, 24.8% 39.3% and 26.2% 

respectively for impaired central vision, visual field loss, ocular motility abnormalities 

and visual inattention. Older age and stroke severity were significant for the 

presence of visual impairment. It is important that visual acuity, ocular motility and 

visual perception testing be incorporated as part of stroke screening as these are 

typically not formally assessed. About half of this cohort were visually asymptomatic 

which raises concerns for missed detection. Recovery was documented for over half 

of stroke survivors but with many requiring long-term management for partial or no 



recovery that likely contribute to longer term unmet need for the individuals. This 

highlights the need for appropriate and timely referrals to ophthalmic and orthoptic 

services for specialist care. Persistent visual symptoms can impede general 

rehabilitation. Thus, early management for visual impairment is essential for general 

recovery and well-being.  

 

References 

1. Rowe F, VIS writing group. Vision in stroke cohort: Profile overview of visual 

impairment. Brain and Behavior. 2017 DOI: 10.1002/brb3.771 

2. Rowe FJ, Hepworth LR, Howard C, Hanna KL, Cheyne CP, Currie J (2019) 

High incidence and prevalence of visual problems after acute stroke: An 

epidemiology study with implications for service delivery. PLoS ONE 14(3): 

e0213035. https://doi.org/10.1371/journal.pone.0213035 

3. Lotery AJ, Wiggam MI, Jackson AJ, Silvestri G, Refson K, Fullerton KJ, et al. 

Correctable visual impairment in stroke rehabilitation patients. Age and 

Ageing. 2000;29:221-222   

4. Hepworth LR, Rowe FJ, Walker MF, Rockliffe J, Noonan C, Howard C, et al. 

Post-stroke visual impairment: A systematic literature review of types and 

recovery of visual conditions. Ophthalmology Research. 2016;5 DOI: 

10.9734/OR/2016/21767 

5. Rowe FJ, VIS group. Visual perceptual consequences of stroke. Strabismus 

2009; 17: 24-28 

https://doi.org/10.1371/journal.pone.0213035


6. Ali M, Hazelton C, Lyden P, Pollock A, Brady M, Collaboration V. Recovery 

from poststroke visual impairment: evidence from a clinical trials resource. 

Neurorehabilitation & Neural Repair. 2013; 27(2):133-41. 

7. Gall C, Franke GH, Sabel BA. Vision-related quality of life in first stroke 

patients with homonymous visual field defects. Health & Quality of Life 

Outcomes. 2010;8: 33. 

8. Gall C, Lucklum J, Sabel BA, Franke GH. Vision- and health-related quality of 

life in patients with visual field loss after postchiasmatic lesions. Investigative 

Ophthalmology and Visual Science. 2009; 50(6):2765-2776. 

9. Brune AJ, Gold DR. Acute Visual Disorders-What Should the Neurologist 

Know? Semin Neurol. 2019 Feb;39(1):53-60. 

10. Jones SA, Shinton RA. Improving outcome in stroke patients with visual 

problems. Age and Ageing. 2006;35:560-565   

11. Townsend BS, Sturm JW, Petsoglou C, et al. Perimetric homonymous visual 

field loss post-stroke. Journal of Clinical Neuroscience. 2007; 14: 754-6 

12. Gray C, French J, Bates D, Cartlidge N, Venables G, James O. Recovery of 

visual fields in acute stroke: homonymous hemianopia associated with 

adverse prognosis. Age Ageing 1989;18:419–21. 

13. Rowe FJ, VIS group. The profile of strabismus in stroke survivors. Eye 2010; 

24: 682-5  

14. Rowe FJ, VIS Group. Symptoms of stroke related visual impairment. 

Strabismus, 2013; 21: 150-4 

15. Ffytche DH, Blom JD, Catani M. Disorders of visual perception. J Neurol 

Neurosurg Psychiatry. 2010 Nov;81(11):1280-7.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Brune%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=30743292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gold%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=30743292
https://www.ncbi.nlm.nih.gov/pubmed/30743292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ffytche%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=20972204
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blom%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20972204
https://www.ncbi.nlm.nih.gov/pubmed/?term=Catani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20972204
https://www.ncbi.nlm.nih.gov/pubmed/20972204
https://www.ncbi.nlm.nih.gov/pubmed/20972204


16. De Renzi E. Disorders of visual recognition. Semin Neurol. 2000;20(4):479-

85. 

17. Ashwin PT, Tsaloumas MD. Complex visual hallucinations (Charles Bonnet 

syndrome) in the hemianopic visual field following occipital infarction. J Neurol 

Sci. 2007 Dec 15;263(1-2):184-6.  

18. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke 

JP. The Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) Statement: guidelines for reporting observational 

studies. BMJ. 2007;335(7624):806-808. 

19. Rowe FJ, Hepworth LR, Howard C, Bruce A, Smerdon V, Payne T, Jimmieson 

P, Burnside G. The Vision Screening Assessment (VISA) tool – diagnostic 

accuracy validation of a novel screening tool in detecting visual impairment 

among stroke survivors. BMJ Open 2020;10:e033639. doi: 10.1136/bmjopen-

2019-033639  

20. World Health Organisation. Blindness and Visual Impairment. 2019 

https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-

impairment [last accessed 13th July 2020] 

21. Driving and Vehicle Licensing Agency. Assessing fitness to drive: a guide for 

medical professionals. 2020 

https://www.gov.uk/government/publications/assessing-fitness-to-drive-a-

guide-for-medical-professionals [last accessed 13th July 2020] 

22. Freeman CF, Rudge NB. The orthoptist's role in the management of stroke 

patients. 6th International Orthoptic Congress. 1987:333-337 

23. Gilhotra J, Mitchell P, Healey P, Cumming RG, Currie J. Homonymous visual 

field defects and stroke in an older population. Stroke 2002;33:2417–20.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Renzi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11149704
https://www.ncbi.nlm.nih.gov/pubmed/11149704
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashwin%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=17588608
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsaloumas%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=17588608
https://www.ncbi.nlm.nih.gov/pubmed/17588608
https://www.ncbi.nlm.nih.gov/pubmed/17588608
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.who.int/news-room/fact-sheets/detail/blindness-and-visual-impairment
https://www.gov.uk/government/publications/assessing-fitness-to-drive-a-guide-for-medical-professionals
https://www.gov.uk/government/publications/assessing-fitness-to-drive-a-guide-for-medical-professionals


24. Dadia S, Shinde C, Desai R, Mahajan AG, Sharma S, Singh B, Bharti S. 

Ocular manifestations in patients with cerebrovascular accidents in India: a 

cross-sectional observational study. Int Ophthalmol. 2019 Dec;39(12):2843-

2849. 

25. Elshout JA, Nijboer TCW, Van der Stigchel S. Is congruent movement training 

more effective than standard visual scanning therapy to ameliorate symptoms 

of visuospatial neglect? Study protocol of a randomised control trial. BMJ 

Open. 2019 Dec 4;9(12):e031884. doi: 10.1136/bmjopen-2019-031884. 

26. Kamtchum Tatuene J, Allali G, Saj A, Bernati T, Sztajzel R, Pollak P, 

Momjian-Mayor I. Incidence, Risk Factors and Anatomy of Peripersonal 

Visuospatial Neglect in Acute Stroke. Eur Neurol. 2016;75(3-4):157-63.  

27. Kamtchum-Tatuene J, Allali G, Saj A, Bernati T, Sztajzel R, Pollak P, 

Momjian-Mayor I, Kleinschmidt A. An exploratory cohort study of sensory 

extinction in acute stroke: prevalence, risk factors, and time course. J Neural 

Transm (Vienna). 2017 Apr;124(4):483-494.  

28. European driving regulations. Commission directive 2009/113/EC. 

29. Siong KH, Woo GC, Chan DY, Chung KY, Li LS, Cheung HK, Lai CK, Cheong 

AM. Prevalence of visual problems among stroke survivors in Hong Kong 

Chinese. Clin Exp Optom. 2014 Sep;97(5):433-41.  

30. Sand KM, Midelfart A, Thomassen L, Melms A, Wilhelm H, Hoff JM. Visual 

impairment in stroke patients--a review. Acta Neurol Scand Suppl. 

2013;(196):52-6.  

31. Zhang X, Kedar S, Lynn MJ, Newman NJ, Biousse V. Natural history of  

homonymous hemianopia. Neurology 2006b;66:901–5. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Dadia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shinde%20C%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Desai%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahajan%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bharti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31129750
https://www.ncbi.nlm.nih.gov/pubmed/31129750
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elshout%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=31806612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nijboer%20TCW%5BAuthor%5D&cauthor=true&cauthor_uid=31806612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Van%20der%20Stigchel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31806612
https://www.ncbi.nlm.nih.gov/pubmed/31806612
https://www.ncbi.nlm.nih.gov/pubmed/31806612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamtchum%20Tatuene%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allali%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saj%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernati%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sztajzel%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pollak%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Momjian-Mayor%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26937947
https://www.ncbi.nlm.nih.gov/pubmed/26937947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kamtchum-Tatuene%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allali%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saj%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bernati%20T%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sztajzel%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pollak%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Momjian-Mayor%20I%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kleinschmidt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27942884
https://www.ncbi.nlm.nih.gov/pubmed/27942884
https://www.ncbi.nlm.nih.gov/pubmed/27942884
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siong%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheong%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheong%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sand%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Midelfart%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thomassen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melms%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilhelm%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoff%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23190292
https://www.ncbi.nlm.nih.gov/pubmed/23190292


32. Zhang X, Kedar S, Lynn MJ, Newman NJ, Biousse V. Homonymous 

hemianopias. Clinical–anatomic correlations in 904 cases. Neurology 

2006a;66:906–10. 

33. Cassidy TP, Bruce DW, Lewis S, Gray CS. The association of visual field 

defects and visuo-spatial neglect in acute right hemisphere stroke patients. Age 

and Ageing 1999; 28: 257–60. 

34. Tiel K, Kolmel H. Patterns of recovery from homonymous hemianopia 

subsequent to infarction in the distribution of the posterior cerebral artery. 

Neuro-ophthalmology 1991;11:33–9. 

35. Walter E, Trobe JD. The Clinical and Imaging Profile of Skew Deviation: A 

Study of 157 Cases. J Neuroophthalmol. 2020 Mar 24. doi: 

10.1097/WNO.0000000000000915. [Epub ahead of print] 

36. Brodsky MC, Donahue SP, Vaphiades M, Brandt T. Skew deviation revisited. 

Surv Ophthalmol. 2006 Mar-Apr;51(2):105-28. 

37. Fowler MS, Wade DT, Richardson AJ, Stein JF. Squints and diplopia seen 

after brain damage. J Neurol. 1996 Jan;243(1):86-90. 

38. Siong KH, Woo GC, Chan DY, Chung KY, Li LS, Cheung HK, Lai CK, Cheong 

AM. Prevalence of visual problems among stroke survivors in Hong Kong 

Chinese. Clin Exp Optom. 2014 Sep;97(5):433-41.  

39. Virgo JD, Plant GT. Internuclear ophthalmoplegia. Pract Neurol. 2017 

Apr;17(2):149-153.  

40. Pierrot-Deseilligny C. Nuclear, internuclear, and supranuclear ocular motor 

disorders. Handb Clin Neurol. 2011;102:319-31.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Walter%20E%5BAuthor%5D&cauthor=true&cauthor_uid=32235234
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trobe%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=32235234
https://www.ncbi.nlm.nih.gov/pubmed/32235234
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodsky%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=16500212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donahue%20SP%5BAuthor%5D&cauthor=true&cauthor_uid=16500212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaphiades%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16500212
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brandt%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16500212
https://www.ncbi.nlm.nih.gov/pubmed/16500212
https://www.ncbi.nlm.nih.gov/pubmed/8869393
https://www.ncbi.nlm.nih.gov/pubmed/8869393
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siong%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woo%20GC%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20DY%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20KY%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20HK%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lai%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheong%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheong%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25138748
https://www.ncbi.nlm.nih.gov/pubmed/25138748
https://www.ncbi.nlm.nih.gov/pubmed/?term=Virgo%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=27927777
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plant%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=27927777
https://www.ncbi.nlm.nih.gov/pubmed/27927777
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pierrot-Deseilligny%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21601072
https://www.ncbi.nlm.nih.gov/pubmed/21601072


41. Bae YJ, Kim JH, Choi BS, Jung C, Kim E. Brainstem pathways for horizontal 

eye movement: pathologic correlation with MR imaging. Radiographics. 2013 

Jan-Feb;33(1):47-59.  

42. Schadlu AP, Schadlu R, Shepherd JB 3rd. Charles Bonnet syndrome: a 

review. Curr Opin Ophthalmol. 2009 May;20(3):219-22.  

43. Barton JJ. Structure and function in acquired prosopagnosia: lessons from a 

series of 10 patients with brain damage. J Neuropsychol. 2008 Mar;2(1):197-

225. 

44. Cohen AL, Soussand L, Corrow SL, Martinaud O, Barton JJS, Fox MD. 

Looking beyond the face area: lesion network mapping of prosopagnosia. 

Brain. 2019 Dec 1;142(12):3975-3990.  

45. Dalrymple KA, Kingstone A, Barton JJ. Seeing trees OR seeing forests in 

simultanagnosia: attentional capture can be local or global. Neuropsychologia. 

2007 Mar 2;45(4):871-5.  

46. Crognale MA, Duncan CS, Shoenhard H, Peterson DJ, Berryhill ME. The 

locus of color sensation: cortical color loss and the chromatic visual evoked 

potential. J Vis. 2013 Aug 28;13(10). pii: 15. doi: 10.1167/13.10.15. 

47. Bartolomeo P, Bachoud-Lévi AC, Thiebaut de Schotten M. The anatomy of 

cerebral achromatopsia: a reappraisal and comparison of two case reports. 

Cortex. 2014 Jul;56:138-44.  

48. Kraft A, Grimsen C, Kehrer S, Bahnemann M, Spang K, Prass M, et al. 

Neurological and neuropsychological characteristics of occipital, occipito-

temporal and occipito-parietal infarction. Cortex. 2014 Jul;56:38-50. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bae%20YJ%5BAuthor%5D&cauthor=true&cauthor_uid=23322826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=23322826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=23322826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23322826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23322826
https://www.ncbi.nlm.nih.gov/pubmed/23322826
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schadlu%20AP%5BAuthor%5D&cauthor=true&cauthor_uid=19349864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schadlu%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19349864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shepherd%20JB%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=19349864
https://www.ncbi.nlm.nih.gov/pubmed/19349864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barton%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=19334311
https://www.ncbi.nlm.nih.gov/pubmed/19334311
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soussand%20L%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corrow%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martinaud%20O%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barton%20JJS%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=31740940
https://www.ncbi.nlm.nih.gov/pubmed/31740940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dalrymple%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=16973181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kingstone%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16973181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barton%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=16973181
https://www.ncbi.nlm.nih.gov/pubmed/16973181
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crognale%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23986535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duncan%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=23986535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shoenhard%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23986535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23986535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berryhill%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=23986535
https://www.ncbi.nlm.nih.gov/pubmed/23986535
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bartolomeo%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23473619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bachoud-L%C3%A9vi%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=23473619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thiebaut%20de%20Schotten%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23473619
https://www.ncbi.nlm.nih.gov/pubmed/23473619
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kraft%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimsen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kehrer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bahnemann%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spang%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prass%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23206528
https://www.ncbi.nlm.nih.gov/pubmed/23206528


49. Kölmel HW. Visual illusions and hallucinations. Baillieres Clin Neurol. 1993 

Aug;2(2):243-64. 

50. Grattan ES, Skidmore ER, Woodbury ML. Examining Anosognosia of Neglect. 

OTJR (Thorofare N J). 2018 Apr;38(2):113-120.  

51. Vossel S, Weiss PH, Eschenbeck P, Fink GR. Anosognosia, neglect, 

extinction and lesion site predict impairment of daily living after right-

hemispheric stroke. Cortex. 2013 Jul-Aug;49(7):1782-9. 

52. Patterson, G., Howard, C., Hepworth, L. and Rowe, F., 2019. The Impact of 

Visual Field Loss on Driving Skills: A Systematic Narrative Review. British and 

Irish Orthoptic Journal, 15(1), pp.53–63. 

53. Celesia GG, Brigell MG, Vaphiades MS. Hemianopic anosognosia. 

Neurology. 1997 Jul;49(1):88-97. 

54. Rowe FJ. Stroke survivor views and experiences on impact of visual 

impairment. Brain and Behaviour. 2017; e00778 

55. Vallar G, Calzolari E. Unilateral spatial neglect after posterior parietal 

damage. Handb Clin Neurol. 2018;151:287-312.  

56. Rowe FJ, VIS Group. Accuracy of referrals for visual assessment in a stroke 

population. Eye. 2011 Feb;25(2):161-7 

57. Hazelton C, Pollock A, Taylor A, Davis B, Walsh G, Brady MC. A qualitative 

exploration of the effect of visual field loss on daily life in home-dwelling stroke 

survivors. Clin Rehabil. 2019 Jul;33(7):1264-1273.  

58. Smith TM, Pappadis MR, Krishnan S, Reistetter TA. Stroke Survivor and 

Caregiver Perspectives on Post-Stroke Visual Concerns and Long-Term 

Consequences. Behav Neurol. 2018 Oct 4;2018:1463429.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6lmel%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=8137001
https://www.ncbi.nlm.nih.gov/pubmed/8137001
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grattan%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=29251546
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skidmore%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=29251546
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woodbury%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=29251546
https://www.ncbi.nlm.nih.gov/pubmed/29251546
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vossel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23321249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weiss%20PH%5BAuthor%5D&cauthor=true&cauthor_uid=23321249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eschenbeck%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23321249
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fink%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=23321249
https://www.ncbi.nlm.nih.gov/pubmed/23321249
https://pubmed.ncbi.nlm.nih.gov/9222175/?from_term=celesia+visual&from_pos=9
https://pubmed.ncbi.nlm.nih.gov/9222175/?from_term=celesia+visual&from_pos=9
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallar%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29519463
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calzolari%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29519463
https://www.ncbi.nlm.nih.gov/pubmed/29519463
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hazelton%20C%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pollock%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Taylor%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Davis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walsh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brady%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=30935223
https://www.ncbi.nlm.nih.gov/pubmed/30935223
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20TM%5BAuthor%5D&cauthor=true&cauthor_uid=30402166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pappadis%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=30402166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishnan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30402166
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reistetter%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=30402166
https://www.ncbi.nlm.nih.gov/pubmed/30402166


59. Choi KD, Kim JS. Vascular vertigo: updates. J Neurol. 2019 Aug;266(8):1835-

1843.  

60. de Vries SM, Heutink J, Melis-Dankers BJM, Vrijling ACL, Cornelissen FW, 

Tucha O. Screening of visual perceptual disorders following acquired brain 

injury: A Delphi study Applied Neuropsychology: Adult. 2017; 25, 3; 197-209 

61. Quinn TJ, Livingstone I, Weir A, et al. Accuracy and feasibility of an android-

based digital assessment tool for post stroke visual disorders - the StrokeVision 

app. Front Neurology 2018;9(146). doi:10.3389/fneur.2018.00146 

62. Hanna KL, Hepworth LR, Rowe FJ. The treatment methods for post-stroke 

visual impairment: A systematic review. Brain and Behavior. 2017;7 DOI: 

10.1002/brb3.682 

63. Intercollegiate Stroke Working Party. National clinical guidance for stroke. 

London: Royal College of Physicians. 2016, 5th edition 

64. Rowe FJ, Hepworth LR, Howard C, Hanna KL, Helliwell B. Developing a 

stroke-vision care pathway: a consensus study. Dis Rehab. 2020; May 29; 1-

9. Doi: 10.1080-09638288.2020.1768302 

65. Paulson HL, Galetta SL, Grossman M, Alavi A. Hemiachromatopsia of 

unilateral occipitotemporal infarcts. Am J Ophthalmol. 1994 Oct 

15;118(4):518-23. 

66. Trauzettel-Klosinski S. Current methods of visual rehabilitation. Dtsch Arztebl 

Int 2011;108:871–8.  

67. Trauzettel-Klosinski S. Improving vision in a patient with homonymous 

hemianopia. J Neuroophthalmol 2005;25:143–9.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=30187161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=30187161
https://www.ncbi.nlm.nih.gov/pubmed/30187161
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paulson%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=7943133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galetta%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=7943133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grossman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7943133
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alavi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=7943133
https://www.ncbi.nlm.nih.gov/pubmed/7943133


68. Celebisoy M, Celebisoy N, Bayam E, Rose T. recovery of visual field defects 

after occipital lobe infarction: a perimetric stud. Journal of Neurology 

neurosurgery and Psychiatry. 2011; 82: 695-702 

  



Figure 1, Visual perception checklist 

 



  



Figure 2, Reasons for non-assessment 

 

  



Figure 3, Area of primary stroke lesion in brain 

A, Central visual impairment  

B, Visual field loss 

 

  



C, Ocular motility disorders 

D, Visual perception abnormalities 

 

  



Figure 4, Visual symptoms 

Figure 5, Type of ocular motility abnormality 

A, Strabismus 

 

  



B, Ocular motility disorders 

C, Nystagmus 

 

  



Figure 6, Type of visual perceptual abnormality 

 



Table 1, Patient demographics 

 Never visually 
assessed 
 

Prior, or no visual 
impairment 

New onset visual 
impairment 

Age: mean (SD) 77.38 (12.39) 69.36 (13.87) 74.33 (13.36) 

Barthel: mean (SD) 3.67 (6.56) 14.99 (5.45) 8.58 (7.25) 

Gender Female 170 229 323 

Male 126 273 379 

Type Infarct 220 466 626 

Haemorrhage 75 36 76 

 

  



Table 2, Visual acuity values 

A: Visual acuity level at near; 

 Right eye 
mean, SD 

Right eye 
median; 
range 

Left eye 
mean, SD 

Left eye 
median; 
range 

Both eyes 
mean, SD 

Both eyes 
median; 
range 
 

First test 0.6,  
0.356 

0.5;  
0.1 - 2.5 

0.61, 
0.483 

0.5;  
0.04 - 5 

0.88, 
0.673 

0.54;  
0.04 - 2.5 
 

Last test 0.45, 
0.279 

0.4;  
0 - 5 

0.50, 
0.506 

0.40;  
0 - 5 

0.52, 
0.433 

0.4;  
0 – 2 
 

 

B: VA level at distance; 

 Right eye 
mean, SD 

Right eye 
median; 
range 

Left eye 
mean, SD 

Left eye 
median; 
range 

Both eyes 
mean, SD 

Both eyes 
median; 
range 
 

First test 0.5,  
0.562 

0.4;  
0 - 5 

0.53, 
0.594 

0.38;  
0 - 5 

0.45, 
0.427 

0.34;  
0 – 5 
 

Last test 0.333, 
0.456 

0.24;  
-0.1 - 5 

0.436, 
0.793 

0.24;  
-0.1 - 5 

0.264, 
0.37 

0.2;  
-0.1 – 5 
 

Visual acuity was measured using logMAR charts with measurements in numerical 

increments up to 1.0logMAR. Lower visual acuity measurements were graded as 

logMAR estimates of 1.5 for 3/60 acuity, 2.0 for hand movements/following face 

acuity, 2.5 for light perception and 5.0 for no perception of light. 
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Table 3, Visual field type 

Hemianopia Quadrantanopia Scotoma Constriction Inconsistent responses 

 Complete Partial  Complete Partial 

2 

 

41 

Macula sparing 7 

96 

Superior 5 9 

Macula splitting 109 Inferior 4 11 

Bilateral  4  10 

 

 

 


