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Abstract

Background

A visual field defect (VFD) is a common consequence of stroke with a detrimental effect
upon the survivors’ functional ability and quality of life. The identification of effective
treatments for VFD is a key priority relating to life post-stroke. Understanding the natural
evolution of scanning compensation over time may have important ramifications for the
development of efficacious therapies.

The study aims to unravel the natural history of visual scanning behaviour in patients
with VFD. The assessment of scanning patterns in the acute to chronic stages of stroke
will reveal who does and does not learn to compensate for vision loss.

Methods/Design

Eye-tracking glasses are used to delineate eye movements in a cohort of 100 stroke
patients immediately after stroke, and additionally at 6 and 12 months post-stroke. The
longitudinal study will assess eye movements in static (sitting) and dynamic (walking)
conditions.

The primary outcome constitutes the change of lateral eye movements from the acute to
chronic stages of stroke. Secondary outcomes include changes of lateral eye movements
over time as a function of subgroup characteristics, such as side of VFD, stroke location,
stroke severity and cognitive functioning.
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Discussion

The longitudinal comparison of patients who do and do not learn compensatory scanning
techniques may reveal important prognostic markers of natural recovery. Importantly, it
may also help to determine the most effective treatment window for visual rehabilitation.

Background
Visual field defects (VFD) occur in 20 - 57% of strokes [1], negatively impacting the
survivors’ functional ability and quality of life [1,2]. A stroke survivor may demonstrate
difficulties with reading and navigation, and is at increased risk of falling. This, in turn, can
induce anxiety, a marked loss of confidence, social isolation and depression [1,2].

The identification of the most efficacious treatments for visual problems has been ranked
among the top six research priorities concerning life post-stroke [3]. Up to 50% of patients
display no spontaneous improvement or are left with residual visual defects [4]. The
question of how to rehabilitate vision in these patients remains to be answered [1,5].

While the learning of compensatory scanning techniques towards the side of the VFD is
seen as a promising treatment [1,6,7], the natural evolution of VFD compensation over
time has not been thoroughly examined. Existing studies of scanning patterns in VFD
are flawed by their cross sectional nature (e.g., [8,9]) and/or by the presentation of visual
stimuli on stationary screens or projectors. Such stationary stimuli fail to replicate real world
situations wherein patients are recurrently faced with moving environments [10]. The lack
of longitudinal data makes it difficult to determine the subset of patients who would most
benefit from VFD rehabilitation, as well as the optimal duration for such therapy.

We aim to address the issue of the natural history of visual scanning behaviour in patients
with VFD. Scanning patterns will be assessed in static (sitting) and dynamic (walking)
conditions with eye-tracking glasses. Understanding the natural evolution of scanning
compensation over time may have important ramifications for the development of effective
treatments.

Methods/Design
This is an observational, longitudinal study of a cohort of 100 stroke survivors. All patients
will receive standard care. The study has been approved by the Southern Adelaide Clinical
Human Research Ethics Committee.

Patient population
Fifty stroke patients with visual field defects and a cohort of 50 stroke patients without
visual field defects will be recruited at the Flinders Comprehensive Stroke Centre.

Inclusion and exclusion criteria
Subjects will be older than 18 years of age and have the capacity to provide full and
informed consent. There is no upper age limit. All patients will have a clinical diagnosis of
stroke, defined as the presence of a focal neurological defect due to vascular cause that is
present at 24 hours or beyond. Brain imaging (CT or MRI) will confirm the nature of the
stroke.

Patients must be able to mobilise independently or with minimal assistance during the
recruitment period, evidenced by a post-stroke modified Rankin Score greater than three.
Moreover, patients with significant medical co-morbidities which preclude participation in
the comprehensive clinical and cognitive testing will be excluded.
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Schedule of assessments
Each patient will be assessed at three different time periods:

• Acute: within the first two weeks of stroke.

• Subacute: three to six months post-stroke. This is the first follow-up period.

• Chronic: 12-15 months post-stroke. This is the final follow-up period.

Assessments
Stroke, ophthalmic, cognitive and eye tracking assessments will be performed (see Table 1).

Table 1

Schedule and list of assessments
Acute phase (0-2 weeks) Subacute (3-6 months) Chronic (1-2 years) Clinical
stroke assessment • HistoryX• Clinical examinationXX• Risk factor evaluationX•
Modified RankinXXX• CT brainX• MRI brainXX Ophthalmic evaluation • Visual
acuityXXX• Humphrey’s visual fieldXXX Cognitive assessment • Addenbroke’s cognitive
evaluationXXX• Standardized reading assessmentXXX• Spatial neglect screeningXXX Eye
movements during search task • Stationary search taskXXX• Dynamic search taskXXX

Clinical stroke assessment
The stroke clinical assessment is part of the standard practice outlined in the Flinders
Comprehensive Stroke Centre care protocol. Imaging of the brain is performed on admission
and often at discharge, or within the first three months following the stroke. All patients,
where possible, are followed up at six-and 12-months post discharge. During this time,
systemic clinical workup including an assessment of improvements in the patients’ clinical
condition, vascular risk factors, and emotional state is performed (see Table 1).

Ophthalmic assessment
The ophthalmic examination will include visual acuity and Humphrey’s automated visual
field testing.

Cognitive assessment
Patients’ cognitive functions will be screened with the Addenbrooke’s Cognitive
Examination (ACE-III, [11]). Patients will also be assessed on a standardized reading
performance task (IResT, [12]) and a series of visuospatial tests (Rey-Osterreith Complex
Figure [13], Line Bisection (9 lines of 16cm length, presented separately on an A4
horizontal Sheet), and Bells cancellation task [14]). Performance in the individual
visuospatial tests will be standardised using established norms. These standardised scores
will then be averaged to calculate a domain score of a patient’s visuospatial ability.

Eye tracking assessment
Patients will complete both a stationary and dynamic visual search task while their eye
movements are tracked with SMI Eye Tracking Glasses (SensoMotoric Instruments GmbH,
Berlin, Germany). Eye movements will be separately analysed for each task.

The stationary task is adapted from [15], and is designed to assess the common attentional
problem of identifying a particular face or individual within a crowd. The stimuli are
derived from the popular “Where’s Wally” children’s book series, and consist of cluttered,
densely populated illustrations [16]. Hidden within each illustration is a distinctly dressed
character, named “Wally”. The stimulus set consists of five such illustrations presented
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sequentially on a computer screen. Each stimulus will be displayed in its original and
mirror-reversed orientation in order to control for visual properties that could influence
lateral eye movements (e.g., side of target, possible lateral differences in salience and
clutters). Patients will have 60 seconds to locate Wally within each illustration, after which
the next stimulus will be presented. The arbitrary time-out of 60 seconds was chosen to
restrain the maximum task duration. The patients’ eye movements, reaction times and the
number of missed targets as a function of target side will be measured. Head movements
will not be constrained for the duration of the task.

The dynamic search task aims to assess eye movements during walking. Patients will walk
a standardized mobility assessment course within the ward corridors (see [17]), along
which twenty yellow targets (measuring 100 mm × 100 mm) will be placed. The targets
will be presented at different heights and against different backgrounds, and will be evenly
distributed to the left and right sides of space. Patients will be instructed to indicate the
position of the targets when walking the course both in clockwise and anti-clockwise
directions (order counterbalanced across patients). Importantly, the examiner will walk
closely behind the patient and, when necessary, will intervene to prevent collisions. Eye
movements and the number of omitted targets as a function of target side will be measured.

Primary outcomes
The primary outcome constitutes the change of lateral eye movements from the acute to
chronic stages of stroke. The total time (seconds), number of fixations, number of saccades
and saccade amplitudes in the contralesional field relative to the ipsilesional side of space
will be used to measure lateral eye movements. We expect to find a relative increase of time
spent, fixations and number of saccades in the contralesional field over time.

Secondary outcomes
Secondary outcomes include changes of lateral eye movements over time as a function of
subgroup characteristics. We will determine whether side of VFD, stroke location, stroke
severity, macular sparing, presence of spatial neglect and cognitive functioning influence
changes of eye movements from the acute to chronic stages of stroke.

Statistical analyses
Begaze analysis software (SensoMotoric Instruments GmbH, Berlin, Germany) will be used
to calculate the following quotients of lateral eye movements for each patient: (1) total time
spent looking towards the blind side divided by the time looking towards the intact side
of space and (2) number of fixations towards blind side divided by number of fixations in
intact side. Statistical analyses will be performed using SPSS software (SPSS Inc, Chicago,
Illinois, USA).

For continuous variables (expressed as a mean and standard deviation) the patients with
VFD and patients without VFD will be compared using a mixed-design analysis of variance.
In the case of imbalanced group characteristics (e.g., age) we will include them as co-
variants in the analysis. An alpha of 0.05 will be considered significant.

Sample size estimates
The study is powered with respect to the primary outcome. Based on previous research [18],
we expect a large effect when comparing the relative time (i.e. cumulative fixation duration)
of left and right-sided space explorations in patients with VFD and control patients. A power
analysis (Cohen’s d > 1.00 [18], alpha = .05, and power = 0.8) suggests that a sample size of
34 participants is sufficient. Our sample of 100 participants is thus relatively large, allowing
for attrition in the follow-up studies and subgroup analyses.
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Conclusions
Stroke survivors, caregivers and health professionals consider the identification of effective
treatments for visual loss as one of the six top priorities relating to life post- stroke [3].
The results of this study will reveal the natural history of scanning behaviour in patients
with visual field loss. The repeated assessments will permit an examination of the degree
of natural recovery (restoration). A longitudinal comparison of patients who do and do
not learn compensatory scanning techniques may reveal prognostic markers of recovery
(functional compensation). Moreover, understanding the trajectory of natural eye movement
patterns may help to determine the most effective treatment window for visual rehabilitation
[4].

End notes
Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

CS, AL and TL conceptualized the study. All authors contributed to the study design and the development
of procedures for implementing the protocol. CS and TL procured funding. All authors read and approved
the final manuscript.

Acknowledgements
This study is funded by the Flinders Medical Centre Foundation.

References
1. Pollock A, Hazelton C, Henderson CA, Angilley J, Dhillon B, Langhorne P et al. Interventions for

visual field defects in patients with stroke. Cochrane Database Syst. Rev. 2011, Issue 10. Art. No.:
CD008388. doi:10.1002/14651858.CD008388.pub2.

2. Jones SA Shinton RA Improving outcome in stroke patients with visual problems Age Ageing 2006
35 6 560 5 10.1093/ageing/afl074 16820528

3. Pollock A St George B Fenton M Firkins L Top 10 research priorities relating to life after stroke -
consensus from stroke survivors, caregivers, and health professionals Int J Stroke 2014 9 3 313 20
10.1111/j.1747-4949.2012.00942.x 23227818

4. Zhang X Kedar S Lynn MJ Newman NJ Biousse V Natural history of homonymous hemianopia
Neurology 2006 66 6 901 5 10.1212/01.wnl.0000203338.54323.22 16567709

5. Pouget MC Lévy-Bencheton D Prost M Tilikete C Husain M Jacquin-Courtois S Acquired visual
field defects rehabilitation: critical review and perspectives Ann Phys Rehabil Med 2012 55 1 53
74 10.1016/j.rehab.2011.05.006 22209077

6. Roth T Sokolov A Messias A Roth P Weller M Trauzettel-Klosinski S Comparing explorative
saccade and flicker training in hemianopia A randomized controlled study Neurology 2009 72 4
324 31 10.1212/01.wnl.0000341276.65721.f2 19171828

7. Jacquin-Courtois S Bays PM Salemme R Leff AP Husain M Rapid compensation of visual search
strategy in patients with chronic visual field defects Cortex 2013 49 4 994 1000 10.1016/
j.cortex.2012.03.025 22626007

8. Pambakian ALM Wooding DS Patel N Morland AB Kennard C Mannan SK Scanning the visual
world: a study of patients with homonymous hemianopia J Neurol Neurosurg Psychiatry 2000 69
6 751 9 10.1136/jnnp.69.6.751 11080227



6 A study on the natural history of scanning behaviour in patients with visual field defects after
stroke

9. Zihl J Visual scanning behavior in patients with homonymous hemianopia Neuropsychologia 1995
33 3 287 303 10.1016/0028-3932(94)00119-A 7791997

10. Chen CS Lee AW Clarke G Hayes A George S Vincent R Thompson A Centrella L Johnson K Daly
A Vision-related quality of life in patients with complete homonymous hemianopia post stroke
Top Stroke Rehabil 2009 16 6 445 53 10.1310/tsr1606-445 20139047

11. Hsieh S Schubert S Hoon C Mioshi E Hodges JR Validation of the addenbrooke's cognitive
examination iii in frontotemporal dementia and alzheimer's disease Dement Geriatr Cogn Disord
2013 36 3-4 242 50 10.1159/000351671 23949210

12. Trauzettel-Klosinski S Dietz K Group tIS Standardized assessment of reading performance: the new
international reading speed texts IReST Invest Ophthalmol Vis Sci 2012 53 9 5452 61 10.1167/
iovs.11-8284 22661485

13. Rey A L'examen psychologique dans les cas d'encéphalopathie traumatique Arch Psychol 1941 28
215 85

14. Gauthier L Dehaut F Joanette Y The Bells Test - a quantitative and qualitative test for visual neglect
Int J Clin Neuropsychol 1989 11 2 49 54

15. Vangkilde S Habekost T Finding Wally: prism adaptation improves visual search in chronic neglect
Neuropsychologia 2010 48 7 1994 2004 10.1016/j.neuropsychologia.2010.03.020 20361988

16. Handford M Where’s Wally now? 1997 London Walker Books Ltd.

17. Verlander D Hayes A McInnes JK Liddle RJ Liddle GW Clarke G Clark MS Assessment of
clients with visual-spatial disorder: a pilot study Vis Impair Res 2000 2 129 42 10.1076/
vimr.2.3.129.4422

18. Pflugshaupt T von Wartburg R Wurtz P Chaves S Déruaz A Nyffeler T von Arx S Luethi M
Cazzoli D Mueri RM Linking physiology with behaviour: functional specialisation of the visual
field is reflected in gaze patterns during visual search Vision Res 2009 49 2 237 48 10.1016/
j.visres.2008.10.021 19022277


