Made available by Hasselt University Library in https://documentserver.uhasselt.be

Navigational difficulties after stroke: A systematic review and meta-analysis

Peer-reviewed author version

Bosmans, Joyce; Moyaert, Julie; VAN EETVELDE, Julie & Gillebert, Celine R.
(2025) Navigational difficulties after stroke: A systematic review and meta-analysis.
In: Neuropsychology, development, and cognition. Section D, The clinical neuropsychologist,.

DOI: 10.1080/13854046.2025.2498044
Handle: http://hdl.handle.net/1942/46056



Title: Navigational difficulties after stroke: A systematic review and ...

Article Information

Article Type: Review Article

Section Heading:

Journal Title: The Clinical Neuropsychologist

Publisher: Routledge

DOI Number: 10.1080/13854046.2025.2498044

Volume Number: 0

Issue Number: 0

First Page: 1

Last Page: 34

Copyright: © 2025 Informa UK Limited, trading as Taylor & Francis Group
Copyright Holder: Informa UK Limited, trading as Taylor & Francis Group
License:

Received Date: 2024-11-21

Accepted Date: 2025-4-21

1

IST: 2025-04-25: 3:28:19 FM | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. | Page 1 of 49



Title: Navigational difficulties after stroke: A systematic review and ...

Navigational difficulties after stroke: A systematic review
and meta-analysis

Left running head: J. BOSMANS ET AL.

Right running head: The Clinical Neuropsychologist

Joyce Bosmans?, Julie Moyaert?:S, Julie van Eetvelde®¢f and Céline R. Gillebert>9AQ1|

aDepartment of Brain and Cognition, Leuven Brain Institute, KU Leuven, Leuven, Belgium;

bDepartment of Translational Neurosciences, Faculty of Medicine and Health Science,

University of Antwerp, Antwerp, Belgium;

CUniversity Department of Otorhinolaryngology-Head and Neck Surgery, Antwerp University
Hospital, Edegem, Belgium;

JdREVAL—Rehabilitation Research Center, Faculty of Rehabilitation Sciences, Hasselt

University, Diepenbeek, Belgium;

®Research Group MOVANT, Department of Rehabilitation Sciences and Physiotherapy
(REVAKI), University of Antwerp, Wilrijk, Belgium;

fPain in Motion International Research Consortium (PiM), Brussels, Belgium;

9Centre for Translational Psychological Research (TRACE), KU Leuven — Hospital East-
Limbourgh, Genk, Belgium

Footnotes

Supplemental data for this article can be accessed online at

IST: 2025-04-25: 3:28:19 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. Page 2 of 49



Title: Navigational difficulties after stroke: A systematic review and ...

https://doi.org/10.1080/13854046.2025.2498044.

Corresponding Author

CONTACT Joyce Bosmans joyce.bosmans@kuleuven.be Department of Brain and Cognition,

Leuven Brain Institute, KU Leuven, Leuven, Belgium.

ABSTRACT
Objective

Navigation, the ability to find one’s way from one place to another, is an important cognitive skill for
maintaining autonomy in daily life. Several findings indicate that navigational ability can be impaired
after stroke. However, navigation is rarely assessed in clinical practice, and evidence-based
recommendations for suitable diagnostic tools are lacking. Furthermore, the scientific literature does
not provide a meta-analytic estimation of the prevalence of post-stroke navigational impairments.
This systematic review aims to provide an overview of the tools to assess navigational difficulties
after stroke, including their psychometric properties, and determine the prevalence of post-stroke

navigational difficulties.
Method

Three investigators independently and systematically searched publications performing assessments
of navigation in the stroke population, with a fourth independent investigator consulted when
discrepancies were present. References of the retrieved articles were hand searched for relevant

articles.
Results

The systematic review included 19 studies, reporting on 19 different approaches to assess objective
and/or subjective navigation skills, each with different psychometric properties. The pooled effect
size, using a random-effects model including data from a subset of 8 out of the 19 included studies,
demonstrated a prevalence of post-stroke navigation impairments of 35% (95% CI: 0.29-0.42).

However, this model was significantly heterogeneous.
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Conclusions

Navigational difficulties are a common neuropsychological deficit after stroke. However, navigation is
a broad construct and a subdivision to reduce heterogeneity in navigation ability is recommended,
e.g. by categorizing navigation into landmark-, location-, and path-based navigation impairment. The

inclusion of objective and subjective assessments of navigation is recommended in clinical practice.
Registration

The protocol was registered at the PROSPERO international prospective register of systematic

reviews (PROSPERO ID: CRD42023491346).
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Introduction

Navigation is an important skill in our daily lives. It allows us to visit friends and family, commute to
work, stop by the local bakery, and return home safely, but also to discover new places and learn
new routes. Navigation is a complex multi-dimensional concept, requiring an intricate interplay
between multiple cognitive processes, motor coordination, and sensory systems. For example,
navigating through an unknown environment does not solely rely on spatial cognition but requires the
integrity of multiple cognitive functions such as perception, attention, memory, and acting on this
information (Marshall & Fink, 2001). Different terminology such as orientation, wayfinding, or

heading are often used but are considered synonyms to spatial navigation here.

Given the complexity of navigation it is not surprising that brain disorders can impair an individual’s
ability to navigate. Claessen and van der Ham (2017) performed a systematic literature search on

neuropsychological case studies and assorted patterns of navigation difficulties into three main
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classification categories: landmark-, location-, and path-based navigation impairment (Claessen &
van der Ham, 2017). Landmark-based navigation impairment includes difficulties with landmark or
environmental scene processing (e.g. difficulties with recognizing familiar landmarks). Location-
based navigation impairment refers to difficulties in recalling or acquiring knowledge about the
locations of landmarks and their spatial relationships, even when the ability to recognize these
landmarks remains intact. For example, individuals may struggle to describe routes between
landmarks despite recognizing them. Finally, path-based navigation impairment relates to the paths
that connect location to location, both in familiar and in new environments. In addition, patients with
path-based navigation impairment are unable to utilize the metric features of paths, resulting in both
route (i.e. the sequence of landmarks and the paths connecting them) and survey knowledge (i.e. a
map representation of the environment) deficits. Patients will present with defective transfer of map
representations to real-world navigation. For an extensive overview on these three categories of
navigation difficulties based on neuropsychological case studies, please consult the original article

(Claessen & van der Ham, 2017).

Stroke is the second leading cause of death worldwide. Because of the increase in stroke incidence
and the growing global burden, reducing this burden by evidence-based interventions needs to be
prioritized (Feigin et al., 2023). In particular, more than 50% of stroke patients experience cognitive
difficulties following stroke, which affects daily life functioning and quality of life (Barbay et al., 2018;
Feigin et al., 2023; Quinn et al., 2021). To provide accurate advice regarding treatment or
rehabilitation, it is recommended to evaluate cognition after stroke. However, navigation is not
routinely evaluated in stroke patients. Suitable neuropsychological tests assessing navigation are
not commonly known nor being applied in clinical practice, and navigational performance is often
neglected during neuropsychological evaluation and anamnesis. Furthermore, scores on cognitive
domains from formal objective neuropsychological assessments are difficult to link to self-reported

subjective navigation difficulties (van der Ham et al., 2013).

As stroke patients with a high functional outcome are often discharged home within a few days and
return back home to live autonomously and take care of themselves, potential navigational difficulties

impacting daily life and mobility may remain undetected. It can be hypothesized that cognitive
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dysfunction, such as navigation, is associated with more fatigue after stroke (Dillon et al., 2023).
Furthermore, spatial anxiety, i.e. the level of anxiety experienced when navigating independently, has
been linked to altered navigational strategies in a healthy population and may affect daily life and
mobility as well (Lawton, 1994; van der Ham et al., 2013). Spatial anxiety plays an important role in
navigation, partially mediating the relationship between environmental load and spatial performance,
particularly for egocentric and allocentric tasks. Individuals with high spatial anxiety tend to favor
egocentric navigation strategies over allocentric ones (Nori et al., 2023). In addition, exploration
behavior and GPS reliance mediate the link between spatial anxiety and navigation, as higher
spatial anxiety is associated with reduced exploring and greater dependence on GPS (He &
Hegarty, 2020). While spatial anxiety is associated with less efficient navigation, the direction of
causality remains unclear. It is possible that individuals with high spatial anxiety avoid navigation,
limiting practice and navigation skill development. Conversely, spatial anxiety may develop as a
result of poor navigation abilities (Weisberg & Newcombe, 2018). Given its impact on navigation,

spatial anxiety should be considered when evaluating navigational ability.

A comprehensive summary of the available literature on subjective and objective navigation problems
in stroke patients is currently lacking, and neuropsychological practice does not yet have
standardized guidelines for assessing navigation deficits following stroke. T his review aims to
address these gaps by systematically synthesizing existing research, with a primary focus on
determining the prevalence of post-stroke navigation impairments. Additionally, we aim to provide a
detailed overview of the diagnostic tools used to assess navigational performance after stroke,
including their psychometric properties and methodological variability. Given the expected
heterogeneity in prevalence rates across studies, we will critically examine potential contributing
factors, including differences in assessment approaches and sample characteristics. Furthermore,
this review seeks to provide evidence-based recommendations for the most appropriate and clinically
relevant assessment methods for navigation deficits in stroke patients, with the ultimate goal of
improving diagnostic accuracy and clinical management of navigation impairments in stroke
survivors. Identifying key gaps in the literature can guide directions for future research to enhance

the understanding and rehabilitation of post-stroke spatial navigation difficulties.
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Materials and methods

This systematic review was performed in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) checklist (Page et al., 2021). The protocol was
registered at the PROSPERO international prospective register of systematic reviews

(PROSPERO ID: CRD42023491346).
Eligibility criteria

Studies were included when adult participants had a stroke, acute or chronic. All stroke severities
were included, regardless of treatment. The study must include a subjective or objective assessment
of navigational abilities, orientation, wayfinding, heading, or generally “getting lost”. Regarding
outcomes, studies were included when they reported on the prevalence of navigational difficulties
after stroke or when including tools to assess navigation after stroke. Any types of original research,

observational or interventional were accepted. Articles had to be written in Dutch or English.

Studies were excluded when participants had brain tumors, dementia (in particular studies in which
participants had vascular dementia where no specific reference to stroke was made), epilepsy, or
brain injury not due to stroke. Case studies were excluded due to a recently published systematic
review on navigation impairment in neuropsychological case studies (Claessen & van der Ham,

2017).
Search strategy

The search query was defined and ran in PubMed and Cochrane on December 20, 2023. The
following search string was used: (navigation OR “spatial orient*” OR wayfinding OR heading) AND

stroke. References of relevant articles were hand searched for additional papers.

The selection procedure consisted of a thorough search first on title and abstract and second on full
text. Three investigators (JB, JM, and JVE) independently searched publications. JB searched all
publications, whereas all publications were also evenly split between JM and JVE. Discrepancies in
the selection of studies were solved by consulting an independent, fourth investigator (CG). All steps

of the screening procedure are presented in Figure 1.
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Figure 1. Flow diagram of study inclusion.
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Inclusion

The following information was extracted from included articles: First author; publication year; journal;
geographical region (continent, country); study design (longitudinal/cross-sectional,
observational/interventional); number of stroke patients; participant characteristics: age, sex,
handedness; type of stroke: ischemic/hemorrhagic stroke; vascular territory; stroke side:
left/right/both hemisphere(s); time since stroke; control group present: no/yes (number of controls);
spatial navigation objective tests/subjective assessment (methodology); prevalence of spatial

navigation impairment after stroke; severity of spatial navigation impairment after stroke.
Data analysis

Risk of bias was assessed using the Mixed Methods Appraisal Tool (version 2018) (Hong et al.,

2018). Publication bias was assessed by a funnel plot using the funnelR package in R (version
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4.3.2) (R Core Team, 2023).

Neuropsychological assessment tools were evaluated based on parameters chosen on agreement
between all authors, including the ability to assess the navigation categories of Claessen and van
der Ham (2017), construct validity (convergent, i.e. how closely a test is related to other tests that
measure the same construct, and divergent, i.e. whether two tests that should not measure the same
construct are indeed unrelated), ecological validity (verisimilitude, i.e. the degree to which the tests
performed resemble those performed in daily life, and veridicality, i.e. the degree to which test scores
correlate with measures of real-world functioning), the availability of normative data, test-retest
reliability, standardization, cost, and time. For evaluating the validity criteria, preference was given to
appraisals based on published literature. When no published literature was available, an appraisal

was made on agreement between all authors.

Meta-analysis on prevalence numbers was conducted using the meta package in R (version 4.3.2)
(R Core Team, 2023). A random-effects model was chosen (Borenstein, 2013). For articles reporting
data on multiple navigation measures and/or multiple subtasks within a navigation test within the
same group of subjects, results were expected to be correlated. As such, the total score was
included in the meta-analysis and a narrative synthesis was undertaken including the data of the
subtasks. For those studies only reporting median values and ranges, mean and standard deviation
values were estimated according to Hozo et al. (2005). For those studies reporting on different
subgroups of stroke (e.g. left and right hemisphere stroke, stroke patients with neglect and stroke
patients without neglect...), data were combined to report one mean and one standard deviation for
the combined stroke group. When comparing stroke patients with healthy controls, an independent-
samples t-test was performed, and the pvalue was reported. When the stroke patients were a
subgroup of a larger population, e.g. acquired brain injury, the proportion of stroke patients were
reported and navigational results of the stroke population were included, when possible, unless
described otherwise. A narrative synthesis was undertaken to report on navigation in selected

groups of stroke patients.

Results
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Risk of bias

The risk of bias of the 19 included studies is presented in Figure 2 and Appendix A. Overall, risk of

bias of the included studies was low.

Figure 2. Risk of bias of the 19 included studies as evaluated by the Mixed Methods Appraisal Tool
(Hong et al., 2018). Given the lack of clear guidelines on correcting for multiple comparisons, all
studies that did not apply such corrections were labeled as “unclear”.
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Neuropsychological assessment of spatial navigation

The 19 included studies used 19 different neuropsychological approaches to assess spatial
navigation, of which 17 used objective assessments of navigation and 2 assessments of subjective
(self-reported) navigation skills. Objective assessments of navigation included virtual tasks (6/17

tasks) or real-world navigation tasks (6/17 tasks), and alternative approaches in which participants
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had to complete pen and paper mazes (Carelli et al., 2011), perform a real-life Morris water maze
(De Nigris et al., 2013), perform a topographical orientation test (Nadolne & Stringer, 2001), or walk
through a 2D-maze (Hamre et al., 2020). Descloux and Maurer (2018) constructed a unique familiar
environment per participant, after which the participants had to complete navigation questions
regarding distance and direction. The construct and ecological validity of this test certainly was good
(see Table 1) and preliminary normative data were available. Furthermore, after proper training of
the examiner, this process took only 10 min to complete (Descloux & Maurer, 2018). In general,
normative data were available for four tasks: the WISC-R Paper and pencil maze (Wechsler, 1976),
the cognitive map recall test (Descloux & Maurer, 2018), the Leiden navigation test (van der Kuil

et al., 2022), and the Route learning test (Barrash et al., 2000), whereas for the other objective
assessments of navigation no normative data were available. Regarding assessments of self-
reported navigation skills, two questionnaires were available: the Wayfinding questionnaire
(Claessen, Visser-Meily, de Rooij, et al., 2016a; Claessen et al., 2017; de Rooijj et al., 2019; van der
Ham et al., 2013; van der Kuil et al., 2022) and the Spatial orientation screening (Hamre et al.,
2020). Both questionnaires take around 5 min to complete. Normative data are available for the
Wayfinding questionnaire. A schematic overview of the spatial navigation assessments used in

stroke research can be found in Table 1.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version.
This html display is to enable content corrections to the table. To preview the printed/pdf
presentation of the table, please view the ‘PDF’ tab.

Table 1. Spatial navigation assessments applied in stroke research.

e PR . Test-
Navigation Short Navigation . . . Normative o . .
Study task description  categories’ Validity ™~ - ) e:I?atgisI:ty Standardization Materials Time

Objective assessments of navigation
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1A task received a “yes” for landmark-based navigation if it assessed landmark or scene processing, including recognition,
learning, or processing abilities. Location-based navigation required assessing knowledge of landmark positions and their
spatial relationships. Path-based navigation involved evaluating path knowledge connecting locations. Each navigation tool
was evaluated based on parameters chosen on agreement between all authors. In case the task set-up in the included study
deviates from the task as it was designed originally, the task was evaluated in the manner as which it was conducted in the
study included in this systematic review. The classification of navigation categories is based on the systematic review by
Claessen and van der Ham (2017). (Sub)tasks were categorized according to their primary focus, acknowledging that some
tasks may engage multiple navigation components. Validity could either be poor, adequate, or good. An asterisk (*) in the
validity criterium indicates an appraisal based on published literature, of which the references can be found in the Study or
Navigation task column. Verisimilitude indicates the degree to which the tasks performed during testing resemble those
performed in daily life. Veridicality indicates the degree to which test scores correlate with measures of real-world functioning.
Time refers to the duration needed to complete the assessment in one participant.

Navigational abilities in stroke patients

The search resulted in 19 included studies, of which 6 exclusively reported on prevalence numbers
(Claessen et al., 2017; Claessen, Visser-Meily, Jagersma, et al., 2016; de Rooij et al., 2019; Hamre
et al., 2020; Kevdzja, 2022; van der Ham et al., 2013), 9 exclusively compared navigation scores
between stroke patients and a control group (Carelli et al., 2011; Claessen, Visser-Meily, de Rooij,
et al., 2016a, 2016b; Cogné, Violleau, et al., 2018; Cogné et al., 2020; De Nigris et al., 2013;
Descloux & Maurer, 2018; Palermo et al., 2010; Wu et al., 2016), 2 exclusively described navigation
performance in stroke patients without a control group (Nadolne & Stringer, 2001; Van Asselen et al.,
2006), one included both prevalence numbers as well as a comparison between stroke and a control
group (van der Kuil et al., 2022), and one study included both prevalence numbers and a description

of navigation in stroke patients without a control group (Barrash et al., 2000).
General navigation publication bias

Publication bias was investigated for all studies reporting on general navigation prevalence using a
funnel plot and can be seen in Figure 3. No evidence for publication bias was found for the

prevalence of post-stroke spatial navigation difficulties.
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Figure 3. Funnel plot of subset of eight included studies reporting on prevalence rates of general
navigation difficulties in stroke patients. The red vertical line represents the overall estimated
prevalence rate based on these studies. Blue and yellow lines indicate the 98% and 95% confidence
interval, respectively. Note that both navigational tests of Hamre et al. (2020) are included in this
analysis and this study is thus represented by two data points. As these data points form a generally
symmetrical funnel, it is assumed that publication bias is absent (Light & Pillemer, 1984).
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General navigation prevalence in stroke patients

Of the included 19 studies, only eight reported prevalence data and were therefore included for the
meta-analysis on the prevalence of post-stroke navigational difficulties. These studies reported on

total and subtask navigation scores. The total scores are referred to as general navigation
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performance and are described in detail here. The next section will summarize the subtask

navigation scores, ordered per type of navigation impairment.

On average, 106 stroke patients were included per study, ranging from 62 to 196 patients.
Demographic details and stroke information of included participants of each study can be found in
Appendix B. Noteworthy, Barrash et al. (2000) included 127 individuals with focal brain lesions, of
which 103 patients had cerebrovascular accident lesions as etiology. As prevalence numbers were
only available for the entire focal brain lesion group and not for the cerebrovascular accident
subgroup in particular, these results have to be interpreted with caution (Barrash et al., 2000). As
Hamre et al. (2020) used two tests (Floor Maze Test and Spatial Orientation Screening) to evaluate
spatial navigation in the same stroke patients, only the results from the Floor Maze Test at 12 month
follow-up were included in the results from the meta-analysis on general navigation because
information to compute covariances was not available and thus to avoid the inclusion of unwanted
correlated outcomes. Inclusion of the Floor Maze Test was preferred over the Spatial Orientation
Screening because the Floor Maze Test has shown good validity and test-retest reliability when
used in community-dwelling older adults (Sanders et al., 2008), and the Spatial Orientation

Screening was under validation at the time of publication.

The pooled effect size using a random-effects model resulted in a prevalence rate of post-stroke

navigational impairment of 0.3526 (95% CI: 0.2890-0.4218). However, this model was significantly

heterogeneous (I2 = 74.6%; p = .0003). As subgroup analyses could explain this significant
heterogeneity, studies were categorized in objective versus subjective measurements of navigation (
Figure 4, Panel A and B, respectively). In these analyses, both tests of Hamre et al. (2020) were
included as one was an objective navigation measurement (Floor Maze Test) and one was a
subjective navigation measurement (Spatial Orientation Screening). Four studies reported on
objective assessments of navigation, resulting in a prevalence rate of post-stroke navigational

impairment of 0.3333 (95% CI: 0.2245-0.4633). Again, this model was significantly heterogeneous

(I2 = 85,0%; p = .0002). Five studies reported on subjective navigation tasks, resulting in a

prevalence rate of post-stroke navigational impairment of 0.3386 (95% CI: 0.2644—-0.4217). This

model was also significantly heterogeneous (I2 = 73.8%; p = .0041). It appeared that a subdivision in
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objective and subjective navigation assessments did not explain the significant heterogeneous
results as underlying target parameters still differ and as such, a subgroup analysis based on types

of navigation impairment was conducted in the following section.

Figure 4. Forest plot of post-stroke navigational impairments. Panel A summarizes general
navigation assessed via objective assessments, whereas Panel B summarizes general navigation

assessed via subjective assessments.

A General navigation: objective assessments

Study Events Total Proportion 95%-Cl Weight
Claessen et al. (2016) 16 65 ; 0.25 [0.15;0.37] 23.1%
Hamre et al. (2020) 24 97 —E—+ 0.25 [0.17;0.35] 25.1%
Kevdzija et al. (2022) 24 70 - 0.34 [0.23;0.47] 24.5%
Barrash et al. (2000) 64 127 L — 0.50 [0.41;0.59] 27.3%
Random effects model 359 —==:::::.‘:::==—— 0.33 [0.22; 0.46] 100.0%

Heterogeneity: /> = 85%, t° = 0.2537, p < 0.01 | ' ' !
02 03 04 05

B General navigation: subjective assessments

Study Events Total Proportion 95%-Cl Weight
Claessen et al. (2017) 3 77 E 0.43 [0.32; 0.55] 19.1%
De Rooij et al. (2019) 49 155 = 0.32 [0.24; 0.40] 22.1%
van der Ham et al. (2013) 18 62 i 0.29 [0.18;0.42] 16.7%
van der Kuil et al. (2022) 84 196 P 0.43 [0.36; 0.50] 23.6%
Hamre et al. (2020) 2 97— —— | 0.23 [0.15;0.32] 18.5%
Random effects model 587 - 0.34 [0.26; 0.42] 100.0%

f T T 1
0.2 0.3 0.4 0.5

Heterogeneity: /° = 74%, > = 0.1173, p < 0.01

Prevalence of types of navigation impairment in stroke patients

Claessen and van der Ham (2017) proposed a model of three main categories of navigation
impairments: landmark-based, location-based, and path-based navigation impairment. As such,
outcome measures from the previously included studies on the prevalence of post-stroke navigation

impairment are structured according to the model of Claessen and van der Ham (2017). In addition,
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prevalence results on spatial anxiety are also reported.
Prevalence of landmark-based navigation impairment

There was only one study reporting on the prevalence of landmark-based navigation impairment in
stroke patients: the Scene recognition subtask of the Virtual T lbingen Test (Claessen & van der
Ham, 2017). Atotal of 60 stroke patients participated in this study, of which 12 (20.0%) demonstrated

landmark-based navigation impairment.
Prevalence of location-based navigation impairment

One study including the Virtual Tbingen Test reported on the prevalence of location-based
navigation impairment in stroke patients (Claessen et al., 2017). The subtasks Pointing to start and
Pointing to end both included 57 stroke patients and reported location-based navigation impairment

in 5 (8.8%) and 6 (10.5%) stroke patients, respectively.

Prevalence of path-based navigation impairment

Three studies reported prevalence numbers of post-stroke path-based navigation impairment
(Claessen et al., 2017; van der Ham et al., 2013; van der Kuil et al., 2022). Claessen et al. (2017)
used the Virtual Tilbingen Test. Results indicated path-based navigation impairment based on the
Route continuation subtask (12/60 patients impaired; 20.0%), Route sequence subtask (3/60
patients impaired; 5.0%), Route order subtask (9/60 patients impaired; 15.0%), Route progression
subtask (16/60 patients impaired; 26.7%), Route distance subtask (6/59 patients impaired; 10.2%),
Distance estimation subtask (9/60 patients impaired; 15.0%), Duration estimation subtask (5/60

patients impaired; 8.3%), and Route drawing subtask (8/60 patients impaired; 13.3%).

Van der Ham et al. (2013) used the Wayfinding Questionnaire. Results indicated path-based
navigation impairment based on the Navigation subscale (15/62 patients impaired; 24.2%), Mental
transformation subscale (6/62 patients impaired; 9.7%), Sense of direction subscale (1/62 patients

impaired; 1.6%), and Distance estimation subscale (0/62 patients impaired; 0.0%).

Van der Kuil et al. (2022) also used the Wayfinding Questionnaire. Results indicated path-based
navigation impairment based on the Navigation subscale (42/196 patients impaired; 21.4%) and

Distance estimation subscale (47/196 patients impaired; 24.0%).
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Prevalence of spatial anxiety

Two studies reported on the prevalence of post-stroke spatial anxiety using the Wayfinding
Questionnaire, the Spatial anxiety subscale (van der Ham et al., 2013; van der Kuil et al., 2022).
Results of van der Ham et al. (2013) included 62 stroke patients, of which 6 patients (9.7%) reported
an impaired spatial anxiety score. Results from van der Kuil et al. (2022) included 196 stroke

patients, of which 43 patients (21.9%) reported an impaired spatial anxiety score.
Navigation in stroke patients in comparison with a control group

In Table 2 an overview of all group studies reporting on stroke patients and healthy controls is
provided, including the navigation test used, the sample size, mean, and standard deviation of the
outcome measures for the stroke and control population, and the pvalue comparing stroke patients
and controls. As all studies included multiple outcome measures based on the same participants,
outcomes within studies and within tests were expected to be correlated and information to compute

covariances was not available for all tests. As such, no meta-analysis was performed on these data.

Note: The table layout displayed in ‘Edit’ view is not how it will appear in the printed/pdf version.
This html display is to enable content corrections to the table. To preview the printed/pdf
presentation of the table, please view the ‘PDF’ tab.

Table 2. Overview of all group studies reporting on stroke patients and healthy

controls.
O Nuonfiuer Mean Number Mean p-
Study Title Test (SD) of (SD)
measure  stroke Value
patients stroke controls controls
Objective assessments of navigation
Carell | The transfer from survey (map-like) to | Pen and Total number | 8 6.6 40 8(0) 0.00
i etal. | route representations into Virtual Reality K paper maze | of mazes (2.5) 06
(2011 | Mazes: effect of age and cerebral lesion | test completed (0—
) (Wechsler, 8)
1976
) Total 8 19.8 |39 10.78  0.00
execution (10.4 (6.84) 32
time )
(minutes)
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VR maze test Total number |8 09 40 3.52 0.00
of mazes (1.72 (2.56) |83
completed (0— )

8)
Total 8 58.8 39 60.48 | 0.76
execution 17.2 (14.04) 73
time 5)
(minutes)
Claes | Adirect comparison of real-world and Virtual Scene 68 16.8 |44 18(2) 0.00
sen | virtual navigation performance in Tlbingen recognition (2.4) 69
etal. | chronic stroke patients Test (van (0-22)
2016 Veen et al.,
continuation (1.9) 45
(0-11)
Route 68 35 44 3.7 0.58
sequence (0— (1.9) (1.9) 75
7)
Route order | 68 15 44 18.3 0.01
(0-33) (6.6) (7.2) 41
Distance 68 1468. | 44 1294.3 1 0.48
estimation 7 (1209.9 | 69
(meters) (1342 )
.3)
Duration 68 427.7 | 44 103.2  0.01
estimation (796) (471.1) |63
(seconds)
Route 68 4(3) |44 5.3 0.03
drawing (0— (3.2) 13
11)

Real-world Scene 68 186 44 18.5 0.80

navigation recognition (2.2) (1.8) 17

test (0-22)

Route 68 8 44 8.4 0.16
continuation (1.6) (1.3) 81
(0-11)
Route 68 47 44 5.3 0.05
sequence (0— (1.7) (1.4) 36
7)
Route order | 68 256 44 252 0.76
(0-33) (6.8) (7.2) 7
Distance 68 535.7 44 174.7 0.08
estimation (1320 (373.9) | 02
(meters) .5)
Duration 68 319.5 44 1172  <.00
estimation (274. (194.9) | 01
(seconds) 4)
Route 68 8(3) 44 8.8 0.13
drawing (0— (2.3) 52
11)
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Cogn | Influence of non-contextual auditory Virtual action | Composite 40 243.8 30 112.73 1 0.02
é, stimuli on navigation in a virtual reality planning- performance 6 (230.22 | 97
Kneb | context involving executive functions supermarket | score (time (254. )

el, among patients after stroke (Cogne, per product in 61)

etal. Knebel, et al., | seconds)

(2018 2018)

)

Cogn | Association between prism adaptation | Virtual Time of 36 130.6 12 110.45 <.00

é and auditory cues on spatial navigation | navigation navigation 3 (9.179) | 01

etal. | inindividuals with unilateral neglect assessment | (seconds) (8.16

(2020 )

) Number of 36 214 12 0(0) <.00
trajectory (0.69 01
mistakes (0— )

6)

De Role of visuo-spatial working memory in | Human Immediate 13 128.6 15 43.79 1 0.00

Nigris | path integration disorders in neglect Morris Water | reaching A 5 (23.37) 05

etal. Maze (seconds) (78.3

(2013 (Guariglia 9)

l, 2

) otal. 2009 I edate |13 | 77.90 15 5427 | 021
reaching B (541 (43.78) | 29
(seconds) 3)

Delayed 13 49.15 | 15 65 0.56
reaching (46.8 (87.08) 3
(recall, 1)

seconds)

Descl | Cognitive map recall test: A new Cognitive Number of 531 175 133 194 <.00

oux & | specific test to assess topographical map recall correct (2.6) (2.1) 01

Maur | disorientation test responses

er (0-12)

2018

g Number of 531 9.4 133 9.8 0.08
correct (1.65 (1.35) |92
responses )

(distance, 0—

12)

Number of 531 8.1 133 9.55 <.00
correct (1.9) (1.54) |01
responses

(direction, 0—

12)

Wu Presence of lacunar infarctions is Amunet Average total | 13 33.80 | 14 3422 |0.94

etal. | associated with the spatial navigation (Human error: Allo-ego (18.5 (15.67) 97

(2016 | impairment in patients with mild Morris Water | vision (pixels) 6)

itive i i t:a DTl stud M

) COINMVS Impalrment: 2 stucy aze) Average total | 13 4567 | 14 4941 1 0.77
error: Ego (29.5 (37.71) | 79
vision (pixels) 9)

Average total | 13 36.65 14 41.09 057
error: Allo (18.4 (21.63) | 28
vision (pixels) 6)
Average total | 13 27.75 14 2293 0.30
error: Delayed (15.0 (8.44) |96
vision (pixels) 4)
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Average 13 10.02 14 10 (3.1)  0.98
duration: Allo- (2.4) 53
ego vision (7?)
Average 13 10.59 14 9.84 0.68
duration: Ego (5.09 (4.25) 04
vision (?) )
Average 13 13.13 14 104 0.1
duration: Allo 4.77 (3.77) |02
vision (?) )
Average 13 9.93 14 7.68 0.12
duration: (4.01 (3.3) 28
Delayed )
vision (?)
Average 13 7.06 14 7.44 0.84
angular (5.01 (4.9) 37
deviation: Allo- )
ego vision (7?)
Average 13 8.58 14 13.38 1 0.18
angular (4.9) (11.84) | 71
deviation: Ego
vision (?)
Average 13 747 14 8.26 0.56
angular (4.56 5.11) 51
deviation: Allo )
vision (?)
Average 13 13.73 14 2196 0.02
distance (7.67 (10.5) |94
deviation: Allo- )
ego vision (?)
Average 13 17.91 14 221 0.25
distance (6.32 (11.36) | 26
deviation: Ego )
vision (?)
Average 13 19.54 14 23.63 0.34
distance (8.61 (12.74) 28
deviation: Allo )
vision (?)
Paler | Does hemineglect affect visual mental | Real-life Landmark 28 23.18 17 2547 0.00
mo imagery? Imagery deficits in navigation recognition (2.67 (0.72) 13
etal. | representational and perceptual neglect | task (0-26) )
2010
g Egocentric 28 12.79 17 14.06 1 0.00
navigation (1.42 (0.83) 17
questions (0— )
15)
Allocentric 28 921 17 10 0.08
navigation (1.59 1.22) 71
questions (0— )
12)
Direct-route | 28 643 17 6.71 0.27
pathway (0.88 0.77) |79
direction )
questions (0—
7)
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e (van der
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pathway
direction
questions (0—
8)

Landmark
recognition
(0-8)

Location:
Egocentric
(0-4)

Location:
Allocentric (0—
4)

Path: Routes
(0-4)

Path: Survey
(0-4)

Navigation &
orientation
(11=77)

Distance
estimation (3—
21)

Spatial
anxiety (8-56)

Navigation &
orientation
(11-77)

Distance
estimation (3—
21)

Spatial
anxiety (8-56)

28

196

196

196

196

196

ABI:
4352

ABI:
4352

ABI:
4352

158

158

158

6.79
(1.39

6.68
(1.15

1.12
(0.93

1.69
(1.04

2.34
(1.01

2.25
(1.12

NA

NA

NA

4.45
(1.41

)

4.06
(1.69

)

4.38
(1.68
)

17

435

435

435

435

435

435

435

435

356

356

356

7.53
(0.94)

6.84
(1.05)

1.23
(0.93)

1.92
(1.09)

2.56
(0.93)

240
(1.03)

NA
NA

NA

4.90
(1.25)

4.44
(1.36)

4.99
(1.38)

0.05

0.08
61

0.16

0.01
31

0.00
76

0.10

<.00

<.00

<.00

0.00
03

0.00
67

<.00
01

TIn the study by Descloux & Maurer (2018), 80% of the patient group were stroke patients. Non-stroke patients are included

in this study as well, more specifically patients with a right unilateral cerebral lesion (17% tumors, 3% neurosurgery). 2In the
study by van der Kuil et al. (2022), results from the Wayfinding Questionnaire are based on acquired brain injury patients, of
which 45.1% were stroke patients (other etiologies of acquired brain injury in this study were 23% traumatic, 6.9% brain
tumor, 1.8% intoxication, 4.8% infection, 5.1% epilepsy, 4.1% multiple sclerosis, 3.2% hypoxia, and 6% other/unknown).
Additionally, the percentage of people impaired on the Wayfinding Questionnaire was reported per acquired brain injury type.
For the stroke population, 42.9% was impaired on at least one of the Wayfinding Questionnaire scales, 21.4% was impaired
on the navigation and orientation scale, 24.0% was impaired on the distance estimation scale, and 21.9% was impaired on
the spatial anxiety scale. A question mark between brackets (?) notes when no unit or range of possible values is described
for an outcome measure. Significant p-value (<.05) are shaded in gray. ABI, acquired brain injury; NA, not available.

Results indicate that stroke patients often perform worse on navigational tasks than healthy controls.
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Out of the 57 included outcome measures, 26 of those (45.61%) indicate a significantly worse
performance of stroke patients in comparison with healthy controls. All 6 subjective outcome
measures of navigation (100%) demonstrated a significant difference between stroke patients and
healthy controls. When looking at the objective outcome measures, 20 out of 51 outcome measures
(39.22%) indicated a significantly worse performance of stroke patients compared to healthy

controls.
Navigation in selected groups of stroke patients

Two more studies fitted the inclusion criteria of this systematic review but did not report on
prevalence data nor were they candidates for computing navigation performance in one stroke group
versus a control group. In addition, Barrash et al. (2000) reported on prevalence numbers and
included a section on navigation performance in stroke patients as well. As these three studies
provide additional insights into navigation performance in stroke patients, they are thus here

described in detail.

Nadolne and Stringer (2001) evaluated the ecologic validity of wayfinding in neuropsychological
assessment. The goal was to compare clinical and ecologic simulation measures to predict
wayfinding performance in stroke patients. They included 31 unilateral stroke patients (23 males, 8
females; 16 left-sided, 15 right-sided stroke). Ecologic simulations of environmental wayfinding
included the Topographical Orientation Test and Slide Route Recall, environment-specific criterion
tasks included Environmental Route Recall and the Euclidian Task (for more information on the
tasks used, please consult the original article (Nadolne & Stringer, 2001)). One-way ANOVA with
Bonferroni correction demonstrated no significant differences on neither the ecologic simulation of
environmental wayfinding nor the environment-specific criterion tasks when comparing right and left

hemispheric stroke patients.

Van Asselen et al. (2006) reported on the neural correlates of human wayfinding in stroke patients.
They included 31 stroke patients (between 21 and 75 years of age; tested at least six months post-
stroke; 16 with a left-hemisphere lesion, 14 with a right-hemisphere lesion, and 1 with a large right-

hemisphere and small left-hemisphere lesion) and 36 age- and education-matched healthy controls.
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Their wayfinding task consisted of real-life navigation through the first floor of the university building,
with as outcome measures landmark recognition, landmark ordering, route reversal, and route
drawing. A lateralization effect was present on the route reversal outcome, where a significant
difference was observed between patients with a right-hemisphere lesion and healthy controls (p <
.0001), and no significant difference was observed between patients with a left-hemisphere lesion
and healthy controls. No other lateralization effects were observed. According to the authors, the
heterogeneity of the patient group was a plausible factor explaining the lack of overall lateralization

effects (Van Asselen et al., 2006).

Finally, Barrash et al. (2000) reported on the neuroanatomical correlates of route learning
impairment. They included 127 individuals with focal brain lesions, of which 103 patients had
cerebrovascular accidents as etiology. All participants were evaluated at least three months post-
lesion onset, resulting in participants with chronic lesions. T heir neuroanatomical analysis was
based on MR data, and if not available, CT data. Brain lesion subjects were classified as targets if
their lesions involved target regions in either hemisphere which they predicted to be associated with
route learning difficulty, i.e. inferior medial occipital lobe (lingual gyrus, fusiform gyrus, and medial
occipitotemporal junction) and medial temporal region (hippocampus and parahippocampal gyrus).
The target group encompassed 45 patients. The remaining 82 patients all had brain lesions
completely sparing the target regions, and were considered to be control patients. All participants
performed the Route Learning Test: a + 530 m long route through a medical center where the route
was showed by the examiner once, whereafter the participants were instructed to lead the way for
three test trials (Barrash, 1994; Barrash et al., 1993). The total number of errors made across these
three test trials were of interest. Raw scores were converted to age-corrected Z scores. Scores 1.5
SD or lower than the mean were considered to be impaired. Results showed that 82% of subjects
with lesions in target areas demonstrated an impaired Route Learning Test score, compared to 33%
of brain-damaged control subjects. This difference was significant (p < .0001). Furthermore, the
mean performance of target subjects was significantly lower than that of brain damaged controls (p <
.0001). Regarding the neuroanatomical correlates of defective route learning, a strong association
with lesions of the medial occipitotemporal cortices in either hemisphere and with the right medial

temporal lobe and right inferotemporal region was observed. Deficits following damage to the left
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medial temporal region may be associated more with damage to the posterior parahippocampal
gyrus rather than to the hippocampus. Furthermore, an association between defective route learning

and the right posterior parietal lobe was not supported in this research (Barrash et al., 2000).

Even though these additional three studies each evaluated navigation in the stroke population, the
scope of each study was different, underscoring the breadth of this topic. Furthermore, the neural
and neuroanatomical correlates of navigation impairment are touched upon in some of the former
studies. Although summarizing these results was not the primary aim of this review, making the

connection between behavioral results and neural outcomes remains paramount.

Discussion

This study aimed to systematically review the literature on neuropsychological navigation testing in
the stroke population. Eight studies reported on the prevalence of navigational difficulties in stroke
patients, ten studies reported on navigation in stroke patients in comparison with a control group,
and three studies evaluated navigation in stroke patients without comparing them to a control group.
Two studies included multiple analyses relevant for this systematic review: van der Kuil et al. (2022)
reported on prevalence numbers and a comparison with a control group; Barrash et al. (2000)

reported on prevalence numbers and stroke patients without comparing them to a control group.

Overall, the estimated prevalence of navigational difficulties after stroke was 35%. However, results
were significantly heterogeneous and a distinction between objective and subjective assessments of
navigation was made. The estimated prevalence of post-stroke objective navigation impairment was
33%, and subjective navigation impairment was 34%. These results were again significantly
heterogeneous. This suggests that the current distinction between objective and subjective
assessments of navigation might not adequately capture the underlying target parameters, and a
different distinction approach is recommended, such as a subgroup analysis based on types of

navigation impairment.

In this context, specific subtypes of navigational impairment have been reported in only a few
studies. For instance, the prevalence of landmark-based navigation impairment was assessed in

only one study (Claessen & van der Ham, 2017), with 20% of stroke participants demonstrating
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impairment. While landmark recognition is crucial for spatial navigation, other studies assessing
landmark recognition did not provide prevalence data, highlighting a gap in the literature. Given its
role in wayfinding, future research should systematically examine landmark-based deficits using
standardized assessments. Similarly, the prevalence of location-based navigation impairment was
assessed in one study, in which 9 to 11% of the stroke participants demonstrated impairment. The
prevalence of path-based navigation impairment was assessed in three studies, in which 0 to 27% of
the stroke participants demonstrated impairment. Furthermore, two studies reported on the
prevalence of post-stroke spatial anxiety, with a prevalence rate of 10 to 22%. Although spatial
anxiety is not a direct navigation impairment, its presence in the stroke population shows its
relevance to navigational difficulties. Furthermore, evidence suggests that spatial anxiety is distinct
from general anxiety, rather than a situation-specific derivative. Individuals with high general anxiety
are not necessarily high in spatial anxiety, and vice versa (Walkowiak et al., 2015). This distinction
underscores the need for further research on the role of spatial anxiety in post-stroke navigation

challenges.

To further understand the observed heterogeneity, other causes for the variation in prevalence
numbers could be explored. The prevalence of the three categories of navigation impairment was
also evaluated in a recent study by Claessen et al. (2017). They observed general navigation
impairment in 33 out of 77 chronic stroke patients, which was defined as at least one impaired
subscale score on the Wayfinding Questionnaire. These 33 patients were selected for further
analyses and their navigational performance was additionally assessed with the Virtual T bingen
test. Results showed an isolated landmark impairment in 3 patients and path impairment in 12
patients. No patients demonstrated an isolated location impairment. Furthermore, 6 patients showed
a combined landmark-path impairment, and 3 patients showed a combined location-path impairment.
No patients showed a combined landmark-location impairment. Finally, 2 patients demonstrated a
combined landmark-location-path impairment, thus showing navigational difficulties on all three
categories. As the authors discuss, these results demonstrated that isolated impairments can occur,
but multiple types of navigational difficulties may co-occur as well (Claessen et al., 2017).
Additionally, we acknowledge that navigation tasks often engage multiple processes simultaneously.

For example, landmark recognition can contribute to location-based navigation. Therefore, while the
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classification by Claessen and van der Ham (2017) provides structure, some tasks do not fit neatly
into a single category. Future research should refine assessment tools to better isolate specific

navigation components while recognizing their interdependence.

Another factor contributing to the heterogeneity in prevalence numbers may be the variability among
stroke patients. While they share a common underlying vascular etiology, significant differences exist
in lesion size, location, and the functional consequences of the brain damage. For an overview of
stroke types and vascular territories of the included studies, see Appendix B. Stroke lesions can
affect spatial navigation through different mechanisms, depending on whether they disrupt key
cortical or subcortical structures involved in spatial processing. For instance, Van Asselen et al.
(2006) reported a lateralization effect on route reversal performance but observed no such effects for
other outcomes. Additionally, Barrash et al. (2000) observed a strong association between lesion
location (the medial occipitotemporal cortices in either hemisphere, the right medial temporal lobe,
and the right inferotemporal region) and impaired route learning. These studies exemplify the

relationship between vascular territory and navigation deficits.

Moreover, while right-hemisphere lesions, particularly those affecting the parietal and temporal
lobes, are often linked to spatial navigation impairments (Aguirre & D’Esposito, 1999; Ciaramelli

et al., 2010; Claessen & van der Ham, 2017), it is important to note that left-hemisphere damage
may also play a role, particularly in tasks requiring verbal or strategic spatial processing (Langdon &
Warrington, 2000; Paulraj et al., 2018). The extent of damage, whether focal or diffuse, may further
contribute to individual differences in impairment severity. Additionally, pre-morbid individual
differences in navigation ability and compensatory mechanisms could further modulate the impact of
brain damage. Taken together, these factors suggest that the heterogeneity in vascular territories
and individual patient characteristics among the included studies in this systematic review may partly

account for the variability in prevalence rates.

In addition, the wide range of time since stroke onset across studies may contribute to the observed
variability. Our review included studies with stroke patients in the acute, subacute, and chronic

phases of recovery. Yet, to date, the evolution of navigation behavior across time after stroke has not
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been systematically examined. This represents a valuable direction for future research.

Variability in assessment tools should also be considered. As summarized in Table 1, a myriad of
navigation tests exists in stroke research, each with their own advantages and limitations. Regarding
subjective navigation tests, the Wayfinding Questionnaire (de Rooij et al., 2019; van der Ham et al.,
2013) is often used and would be recommended because it is a validated, normed, and standardized
self-report questionnaire with good construct validity, freely available for free, and time-efficient. The
inclusion of spatial anxiety in this questionnaire appears to be of added value for both research and
in clinical practice. However, challenges may arise when stroke patients present with neglect or

aphasia, requiring extra attention to reliably complete the questionnaire.

Regarding objective measurements of navigation, two main methodological approaches are present:
one where participants re-travel a predefined real-life route, and another where participants watch a
virtual route and answer navigational questions. The real-life route includes proprioceptive and
vestibular input, offering high ecological validity, but is time-consuming and difficult to standardize
and norm. Conversely, virtual route tasks are easier to implement in clinical practice and scientific
research, but lack proprioceptive and vestibular input. Nevertheless, some studies suggest that
navigation performance in real and virtual environments can be comparable (Lloyd et al., 2009;
Richardson et al., 1999). With this in mind, the increasing integration of Virtual Reality into stroke

research (Lin et al., 2023) may offer a promising way to bridge this gap.

Further methodological considerations include the scale of the environments used in navigation
tasks, ranging from figural (small), to vista (medium), to environmental (large) scales (Hegarty et al.,
2006). Figural-scale tasks include the WISC-R Paper and pencil maze (Carelli et al., 2011), Virtual
Reality maze (Carelli et al., 2011), Topographical orientation test (Nadolne & Stringer, 2001), and
Floor maze test (Hamre et al., 2020). Vista-scale tasks included the Human Morris Water Maze (De
Nigris et al., 2013), and Amunet (Wu et al., 2016). Environmental-scale tasks (the most commonly
used, with 14 tasks) included the Virtual TUbingen Test (Claessen et al., 2017; Claessen, Visser-
Meily, de Rooij, et al., 2016a; Claessen, Visser-Meily, Jagersma, et al., 2016; de Rooijj et al., 2019),
Real-world navigation (Claessen, Visser-Meily, de Rooij, et al., 2016a; Palermo et al., 2010; Van

Asselen et al., 2006), Virtual Action Planning—Supermarket (Cogné, Violleau, et al., 2018), Virtual
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navigation (Cogné et al., 2020), Cognitive map recall test (Descloux & Maurer, 2018), Environmental
route recall (Nadolne & Stringer, 2001), Shadowing (Kevdzija, 2022), Leiden navigation test (van der
Kuil et al., 2022), and Route learning test (Barrash et al., 2000). Another distinction is whether
participants were required to learn a new environment or recall a familiar one. While most studies
focused on learning a novel environment, only two studies assessed recall-based navigation

(Descloux & Maurer, 2018; Kevdzija, 2022).

Understanding potential explanations for heterogeneous prevalence rates is essential. Equally
important are insights into the types of navigational impairment, so future research can investigate
deficit-tailored rehabilitation procedures. Navigational difficulties may arise when a deficit is present
in a neurocognitive domain underlying navigation. First of all, memory and navigation share some
commonalities (Ekstrom & Hill, 2023). For example, when you are learning a new route, you can
remember the important landmarks and when to turn left of right. Or if you are already familiar with
certain parts of a city, remembering the spatial geometry can help to connect these parts and
develop new routes. Furthermore, attention and executive function are important for successful
navigation, such as selecting and maintaining navigational goals, route planning, and updating
spatial perspectives (Wolbers & Hegarty, 2010). In addition, adequate visuospatial processing at the
perceptual level is necessary for navigation, and many more. Alternatively, a core deficit in
navigational skill without difficulties in other cognitive domains may exist, such as in developmental
topographical disorientation (laria, 2013). T he diversity of possible deficits across domains likely

contributes to the heterogeneous patterns of navigational difficulties.

In this context, lesion studies in stroke research are particularly valuable. While the posterior parietal
lobe is well-known for its role in spatial processing (Aguirre & D’Esposito, 1999; Ciaramelli et al.,
2010; Stark, 1996; Stein, 1992), Barrash et al. (2000) surprisingly found no evidence for an
association between right posterior parietal damage and route learning deficits. However, the
authors suggest that lesion variability may have obscured the role of specific subregions. They also
suggest that posterior parietal damage may impact spatial layout learning more than route learning,
particularly in environments with few landmarks. Another possible explanation is that Barrash et al.

(2000) used a stringent cutoff. They defined impairment as a Route Learning Test Z-score of —1.5 or
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lower. A more lenient cutoff might have revealed a stronger association between posterior parietal
damage and route learning deficits. Future research should reassess these findings with a less
stringent impairment threshold and examine lesion location specificity within the posterior parietal

cortex.

An intriguing finding is that both objective and subjective assessments report a prevalence of
approximately 33%, which could be coincidental but may suggest that stroke patients have a
relatively accurate perception of their own navigation difficulties. However, spatial anxiety could also
influence self-perceptions. Individuals with higher spatial anxiety often perceive their navigation
abilities as worse, contributing to lower subjective scores. This perception could, in turn, influence
actual navigation behavior, potentially leading to worse performance on objective measures as a
self-fulfilling prophecy. While evidence from two studies suggests that spatial anxiety is present in up
to 22% of stroke patients (van der Ham et al., 2013; van der Kuil et al., 2022), it does not fully
account for the 33% prevalence observed in both assessments. Still, it is likely that spatial anxiety
contributes to some extent and should be considered in future studies. Thus, while self-report tools

may be valuable screening instruments, combining them with objective measures remains essential.

Given the prevalence rates observed, it is essential that neuropsychological evaluations include
navigation assessments. Van der Ham and Claessen (2022) provides a structured three-step clinical
guide. Step one involves explicitly asking patients about navigation difficulties. If complaints are
reported, step two recommends evaluating the severity of these difficulties, for instance using the
Wayfinding Questionnaire to assess subjective navigation abilities. If difficulties are identified, step
three involves an objective assessment of navigation performance, such as the Leiden Navigation
Test (van der Ham & Claessen, 2022). These recommendations align closely with the findings of this
systematic review, further reinforcing the need to integrate navigation assessments into routine

clinical practice.

This review excluded case studies to focus on group-level prevalence rates. Nevertheless, case
studies can provide valuable insights into individual variations in navigation deficits. However, many
case studies rely on clinical observations and (hetero)anamnesis rather than standardized testing

(e.g. Han et al., 2011; Nagamine, 2022; Osawa et al., 2008), limiting comparability. Future research

IST: 2025-04-25: 3:28:19 AV | This track pdf was produced fromthe online proofing tool and is intended to be used as a reference. | Page 38 of 49



Title: Navigational difficulties after stroke: A systematic review and ...

could integrate high-quality case studies, with group-level analyses to better understand lesion-

deficit patterns and support personalized assessment strategies.

Finally, although this review focused on stroke, navigation impairments in the included studies were
not always limited to this population. Some included studies assessed broader groups with acquired
brain injuries, including traumatic brain injury, hypoxia, and others, making comparisons more
difficult. Where possible, future research should isolate stroke subgroups or provide stratified results

to allow clearer interpretation.

Conclusion

This systematic review observed a prevalence of post-stroke navigational difficulties in 35%.
However, results are highly heterogeneous and further clarification of navigational deficit patterns is
warranted. Furthermore, the neuropsychological assessment of navigation is not straightforward and
many different tests are being used, each with their own psychometric advantages and
disadvantages. A combination of subjective and objective navigational testing is favored, of which
those with good construct and ecological validity in addition to available normative data are

recommended.
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