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A B S T R A C T

Objectives: Visuospatial neglect (VSN) is a common cognitive disorder after stroke. The primary aim of

this systematic review was to provide an overview of the impact of VSN in 3 aspects: (1) activities of daily

living (ADL), (2) participation, and (3) caregiver burden. The second aim was to investigate the

differences in studies focusing on populations with mean age < 65 versus � 65 years.

Methods: PubMed, EMBASE, Web of Science, Cochrane Library, Emcare, PsychINFO, Academic Search

Premier and CENTRAL were searched systematically. Quality was assessed with the Mixed Methods

Appraisal Tool.

Results: Of the 115 included studies, 104 provided outcomes on ADL, 15 on participation (4 studies with

mean age � 65), and 2 on caregiver burden (1 study with mean age � 65). Quality assessment yielded

scores ranging from 0 to 100%. VSN had a negative impact on ADL (i.e., independence during ADL and

performance in self-care, household tasks, reading, writing, walking, wheelchair navigation) and

participation (i.e., driving, community mobility, orientation, work). The impact of VSN on fulfilling social

roles was unclear. VSN had a negative effect on caregiver burden. We found no clear age-related

differences.

Conclusions and implications: VSN has a negative impact not only on patients’ independence but

particularly on the performance of ADL. Despite the far fewer studies of VSN as compared with ADL, VSN

also seems to hamper participation and increase caregiver burden, but further research is needed.

Because of the large impact, VSN should be systematically and carefully assessed during rehabilitation. A

considerable number of different instruments were used to diagnose VSN. Diagnosing VSN at more than

one level [function (i.e., pen-and-paper test), activities, and participation] is strongly recommended.

Consensus is needed on how to assess VSN and its negative impact for research and rehabilitation

practice.

Systematic review Registration No.: PROSPERPO Registration No. CRD42018087483.
�C 2019 Elsevier Masson SAS. All rights reserved.

Available online at

ScienceDirect
www.sciencedirect.com
1. Introduction

Visuospatial neglect (VSN) is a common cognitive disorder after
stroke. Patients with VSN have problems reporting and responding
or orienting to visual stimuli in the contralesional hemispace that
cannot be attributed to sensory or motor impairments [1]. Esti-
mates of the incidence of VSN after stroke differ, ranging from 20%
to 82%, largely dependent on the patient sample, time post-stroke
* Corresponding author at: Department of public health and primary care, Leiden
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onset, and number and types of tests used for assessment [2]. VSN
can easily become a chronic disorder; half of the stroke patients
with VSN still have VSN at 1 year after stroke onset [3].

The impact of VSN can be far-reaching for patient’s everyday
life. Stroke patients with VSN show slower recovery and less
recovery in activities of daily living (ADL) as compared with non-
VSN patients [4–8] and remain more dependent on their
environment during (basic) ADL [4]. Considering this negative
impact, VSN may also have severe consequences for informal
caregivers (hereafter called caregivers) of VSN patients.

Previous reviews have mainly focused on the consequences of
VSN for body function and body structure [9,10] or on the impact of

http://crossmark.crossref.org/dialog/?doi=10.1016/j.rehab.2019.05.006&domain=pdf
https://doi.org/10.1016/j.rehab.2019.05.006
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VSN mainly measured by independence during ADL [5,8]. The aim
of this review was to provide a systematic overview of the impact
of VSN on (1) ADL, (2) participation, and (3) informal caregiver
burden. In contrast to previous studies, the present review focuses
on the quality of ADL and participation. We include all types of
study designs, not just randomized controlled trials (RCTs) or large
cohort studies, to provide a wider overview of the current
situation. As well, although stroke is common and VSN occurs
with increasing frequency and increasing severity in the geriatric
population [11], many studies address younger populations.
Therefore, to gain more insight into potential differences by age,
the second aim was to provide a descriptive overview of
differences between studies (i.e., amount of data available,
outcomes examined) including younger versus older patients
(mean age < 65 vs. � 65 years).

2. Materials and methods

2.1. Protocol and registration

The protocol for this systematic review was pre-registered in
the PROSPERPO Database (registration no. CRD42018087483). This
review followed the standard guidelines of Preferred Reporting
items for Systematic Reviews and Meta-Analyses (PRISMA) [12].

2.2. Search strategy and article selection

We conducted a systematic literature search on May 1, 2018 in
the electronic databases PubMed, EMBASE, Web of Science,
Cochrane Library, Emcare, PsychINFO, Academic Search Premier
and CENTRAL by using the terms visuospatial neglect, stroke,
activity, participation and caregiver burden (Appendix). We had no
restrictions on publication date or research design. After removing
duplicates, we excluded study reports that were:

� not in English;
� not related to humans;
� not original research (e.g., an editorial or review);
� intervention studies;
� focusing on other levels than activity or participation;
� not related to stroke;
� not related to VSN;
� not describing a relation between VSN and outcome measure

(non-relation);
� not available in full text.

In case of ambiguity in article selection with respect to the
exclusion criteria related to activity and participation, activity and
participation level were defined according to the International
Classification of functioning, Disability and Health Framework
(ICF) of the World Health Organization [13]. Activity was
considered the execution of a task or action by an individual
[14]. Only ADL within this framework were included (e.g., self-care
and household task). Reading was included only when it involved
more than single words. Reaching was included only if it was goal-
directed grabbing or holding; otherwise it was considered a
‘‘function’’ according to the ICF. Virtual reality (VR) was included
when it was used to measure an activity in daily life (e.g., walking)
in a protected environment. According to the ICF, participation is
defined as involvement in a life situation (e.g., driving) [14].

The first author (MB) screened titles and abstracts; in case of
uncertainty, the second author (TN) was consulted to reach
consensus. Among the included abstracts, full-text articles (when
available) were screened. Two reviewers (MB and TN) indepen-
dently assessed the full-text articles. The reviewers’ selection and
arguments were compared, and any differences regarding the
inclusion of an article were discussed to reach consensus.

2.3. Data extraction and analyses

After the final selection, data were extracted by the first author
(MB). In case of uncertainty, the second author (TN) was consulted.
The following study characteristics were extracted: authors, year,
study design, number of patients, proportion of VSN, mean age,
mean time post-stroke onset, setting, country, diagnostic instru-
ment used to assess VSN, outcome measures in ADL, participation
or caregiver burden, main findings in (sub)categories of ADL and
participation (e.g., self-care and household tasks by ADL, or driving
by participation), and total methodological quality score. The
primary outcome was the impact of VSN on ADL, participation and
caregiver burden. The secondary outcome was the overview
related to age (mean population age < 65 vs. � 65 years). The
widespread differences in study characteristics precluded the
possibility to directly compare results; therefore, a meta-analysis
was not possible. A narrative synthesis of the findings is presented.

2.4. Quality assessment

The Mixed Methods Appraisal Tool (MMAT v2011) was used to
assess the methodological quality of studies [15]. The MMAT was
designed for appraising complex systematic literature reviews that
include domains of qualitative, quantitative and mixed-methods
studies. Scores on the MMAT range from 0% (no criteria met) to
100% (all criteria met). Each study included in this review was
defined by a research design of the MMAT and assessed within its
methodological domain [15]. The included studies were assessed
by the first 2 authors separately (MB and TN), then discussed in
detail. Any disagreement was discussed until consensus was
reached. If no consensus was reached, advice was sought from the
third author (MC).

3. Results

3.1. Study selection

The search yielded 4,669 citations. After removing duplicates,
we screened 1,931 articles on the basis of the title and abstract and
excluded 1,657. The 274 remaining studies were analyzed in full
text. Finally, reports for 115 studies met the inclusion criteria and
were included in this review (Fig. 1).

3.2. Study characteristics

Study characteristics are presented in Tables 1–3 based on ADL,
participation, and caregiver burden. The studies had considerable
diversity regarding study design; number of included patients;
proportion of VSN; mean age of participants; mean time
post-stroke onset; setting; diagnostic instrument used to assess
the presence of VSN; outcome measure in ADL, participation or
caregiver burden; categories of ADL; and participation in various
activities.

Most studies were performed in Europe (n = 51); 10 were from
the United States/Canada, 9 from Asia, 5 from Oceania, and 1 study
covered both Europe and North America. For 39 reports, the study
location of inclusion and assessment were not specified. Most
studies were conducted in a rehabilitation setting (n = 50) and
10 were community-based. In another 35 studies, patients were
selected from a hospital setting. Not all reports differentiated
between in/outpatients. In 4 studies, patients were recruited from
a Center for Evaluation of Fitness to-Drive and Car Adaptations
[16–19]. The settings of 16 studies were unclear or not specified.



Fig. 1. Flowchart of study selection.
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All included studies used measurement tools to first assess VSN
within the study population. These tools were used independent of
the outcome measures. Tables 1–3, column 8 (VSN tests), shows
that many different tests were used to diagnose VSN. As a
diagnostic measurement for VSN, a pen-and-paper test was used in
98 studies. A cancellation task (n = 92) was mostly used, either in
isolation or in a test battery (e.g., the Behavioral Inattention Test
[BIT]). The line bisection task was used 57 times, also in isolation or
in a test battery. For assessing VSN during ADL, tests used were the
Catherine Bergego Scale (CBS) (n = 11), Kessler Foundation Neglect
Assessment Process (n = 4) and Dublin Extrapersonal Neglect
Assessment (n = 1). Most studies used more than one (diagnostic)
assessment to identify VSN, independent of the outcome measure.
In 13 studies, a single test was used (test battery such as BIT
excluded). The (subtest of the) BIT was used in 36 studies.

Mean age of the population ranged from 50 to 84 years. We
distinguished between study populations with mean age � 65 years
(n = 51 studies) and < 65 years (n = 55 studies). Nine reports did not
include the mean age or the age could not be calculated from the
data available. Overall, 104 reports provided data on ADL, 15 on
participation level, and 2 on caregiver burden. These outcomes
could be studied in isolation or combined.
3.3. Quality assessment

An overview of the quality assessment (based on MMAT total
scores) is presented in Tables 1–3 (last column). We found a large
variation in research designs and methodological quality. Total
MMAT scores for the 115 included studies ranged from 0% (n = 2) to
100% (n = 34).

Most studies had a ‘‘Quantitative non-randomized design’’
(n = 88). Within this category, 45 cohort studies, 22 case–control
studies, and 21 cross-sectional studies were specified. Their quality
ranged from 0 to 100%. Of the 88 studies, 63 scored � 75%, with
26 scoring 100%. In this category, the quality of the studies
scoring < 100% was limited in terms of recruitment of participants,
appropriate measurements, comparable groups, and complete
outcome data.

In the MMAT category ‘‘Quantitative descriptive studies’’,
15 studies were specified: 9 incidence or prevalence studies,
5 case series, and 1 case report. The quality ranged from 25% to
100%. Of the 15 studies, 12 scored � 75%, with 6 scoring 100%. In
this category, the quality of the studies scoring < 100% was limited
in terms of sampling strategy, representative population, appro-
priate measurement and response rate.
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Eight studies met the criteria of the MMAT category
‘‘Qualitative design’’: 3 had a phenomenology design and 5 were
case studies. In this category, 7 studies scored 75%. Only 1 study
[20] obtained a score of 100%. The quality of the studies
scoring < 100% was limited in terms of sources of qualitative
data (n = 2) and how the findings were related to researchers’
influence (n = 5).

Finally, 4 studies met the criteria of the MMAT category ‘‘Mixed
method design’’: 2 had a sequential explanatory design and 2 a
triangulation design. The quality ranged from 25% to 100%.

3.4. Results of individual studies

We divided ADL into independency in ADL, self-care and
household tasks, reading/writing and walking/wheelchair naviga-
tion. Participation was divided into the subcategories driving,
community mobility/orientation, social roles and work.

3.5. Impact of VSN on ADL

A total of 104 studies had ADL as an outcome: 6 qualitative
designs, 84 quantitative non-RCTs, 11 quantitative descriptive
studies, and 3 mixed-methods studies. The methodological quality
ranged from 0% (n = 2) to 100% (n = 32) (Table 1).

A total of 51 studies focused on (in)dependency during (basic)
ADL; 25 used the Barthel Index (BI) and 17 the Functional
Independence Measure (FIM) as a single measurement or
combined with other measurements. Overall, 27 studies showed
that VSN patients were more dependent in ADL than non-VSN
patients [4,7,21–45]. The severity of VSN was related to the
magnitude of functional independency (n = 14) [2,23,46–57]. How-
ever, 4 studies found no relation between (severity of) VSN and
level of independency in ADL [58–61]. Nine studies measured VSN
over time; VSN was a poor predictor of independence of functional
recovery [7,62–65] or independence of mobility [66]. The severity
of VSN at 24 hours after stroke was a significant predictor of
independent activities at 6 months [7,67]. Although patients with
VSN had lower independence scores than those without VSN, the
difference became smaller over time [7,31]. VSN patients showed a
significant improvement during the first year for independence in
personal ADL [68].

A total of 31 studies provided results on performance in self-
care and household tasks. The BIT (n = 6) and CBS (n = 8) were
mostly used, either as the sole outcome measure or combined with
other measures. VSN patients had more problems in performing
self-care and household tasks than non-VSN patients [20,26,33,69–
87]. For example, VSN patients forgot or could not find objects at
one side when dressing or in the kitchen [69,74] and had difficulty
eating [74] or using devices [81]. VSN severity had a negative
impact on the performance of ADL [88–95]. Dissociations were
found between mild neglect in visual screening tasks and
moderate or severe neglect in behavior, although for most patients,
neglect was equally evident in both tests [96]. One study found no
relation between VSN and performance of ADL (e.g., face washing,
tray wiping); however, the measurements used were found
inadequate [97].

Thirteen studies assessed reading and writing. The presence of
VSN was negatively related to reading performance [20,23,33,70,
86,98–104]. VSN patients were less accurate [98], omitted left
words [70,99–101,103] or columns on paper [33], misread words
[102], needed several promptings to read or could not absorb the
information [70,103] as compared with non-VSN patients. VSN
severity was significantly related to functional outcomes for
reading [23,76]. Only one study showed that both the presence of
VSN and its severity were significantly related to functional
outcomes for writing [18].
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Fifteen studies included activities in walking and wheelchair
navigation. VSN had a negative impact on walking [69,86,105–107]
and wheelchair navigation [20,33,69–71,74,106–109]. VSN
patients collided while walking [69,86,106,107] or when navigat-
ing their wheelchair [20,33,69–71,74,106–109].

One study found no significant associations between success-
fully stepping over an obstacle and presence of VSN [110]. VSN had
a negative impact on exercise such as walking and jogging
[111,112]. VSN severity was related to bumping into objects with a
wheelchair [113].

Another 8 studies used VR as a simulation for ADL. VSN had a
negative impact on VR navigation tasks in walking and wheelchair
navigation [83,114–119]. VSN patients were at risk of colliding
[114–118,120], could not detect objects [83,116,117,119] or failed
to adapt their strategies [120]. Under dual-task conditions,
patients with VSN experienced less avoidance strategies and
reduced minimum distances to obstacles [115].

3.6. Impact of VSN on participation

In 15 studies, participation was identified as an outcome
measure: 4 had a qualitative design, 6 were quantitative non-RCTs,
4 were quantitative descriptive studies, and 1 had a mixed
methods design. The methodological quality ranged from 50% to
100% (n = 4); [16,20,69,74]) (Table 2).

Four studies discussed the negative impact of VSN during
driving. Poor driving performance was visible in lane changing,
understanding, and traffic participation [17,18]. Even among
patients showing no VSN on conventional pen-and-paper tests,
their driving performance was hampered [19].

Six studies provided data on community mobility and orienta-
tion. VSN had a negative impact on regaining functional mobility in
the community [25,121]. Patients with VSN had difficulties
orienting themselves in the environment and identifying where
they were located [20,69,70,74].

Four studies examined the impact of VSN on fulfilling social
roles: 3 used the LIFE-H (questionnaire used to estimate the level of
participation). VSN was correlated with categorical independent
variables but was not the best predictor at 6 months post-stroke
[122]. When returning to the community after a stroke, positive
changes in participation over time were possible, even with
cognitive deficits [123,124]; this study showed that patients with
and without VSN have the same level of participation and fulfilling
social roles. The fourth study indicated that the change in
relationship to other people was the main source of concern for
most VSN patients [20].

Only 2 studies described the impact of VSN on returning to
work. One study reported that 11% of the patients with neglect or
aphasia had resumed working at 1 or 3 years after stroke [68]. The
other study reported that a patient could sing and play the piano
again but was unable to write a new musical [125].

3.7. Impact of VSN on caregiver burden

Only 2 of the 115 studies discussed caregiver burden.
[126,127] The study of Buxbaum et al. (2004) had a quantitative
descriptive design and a quality score of 100%. The study of Chen
et al. (2017) had a mixed-methods design and scored 75% for
quality (Table 3).

VSN independently contributed to predicting family burden
[126]. Caregivers of VSN patients were more likely to describe
economic stressors and undesirable changes in career and vacation
planning than caregivers of non-VSN patients [126]. VSN in stroke
survivors was associated with greater burden and stress in
caregivers and involved allocating more caregiving as compared
with caregivers of non-VSN patients [127].
3.8. Differences between study populations with mean age younger/

older than 65 years

Here, we provide according to the second aim, a descriptive
overview of differences between studies focusing on populations
with mean age < 65 versus � 65 years (Tables 1–3, column 5). Of
the 104 studies that reported on ADL (Table 1, column 5), 48 studies
had a population with mean age < 65 years versus 47 with mean
age � 65 years. Mean age was not reported for 9 studies. Only 1 of
8 studies on VR had a mean age � 65 years. Because overall the
main findings did not differ, no difference is expected regarding the
impact of VSN on independency and performance during ADL
between younger and older persons with VSN.

Of the 15 studies reporting on the impact of VSN on
participation (Table 2, column 5), 9 studies had a population with
mean age < 65 years versus 4 with mean age � 65 years. In
2 studies, the mean age was not specified. The studies with mean
age of the population � 65 years provided data on work (n = 1),
community mobility and orientation (n = 1), and fulfilling social
roles (n = 2, but from the same authors/population). No studies
about driving had a population with mean age � 65 years. Studies
on fulfilling roles with population mean age � 65 years showed no
relation between VSN and fulfilling social roles, in contrast to
studies with population mean age < 65 years (n = 2).

Of the 2 studies that provided findings on the impact of VSN on
caregiver burden (Table 3, column 5), for 1, the population mean
age was � 65 years. From these preliminary findings, there is no
indication that these outcomes would differ between younger and
older populations.

4. Discussion

The results of this review of 115 studies (quality ranging from
0% to 100%) indicate that VSN had a negative impact on patients’
independence and in particular the performance of ADL (self-care,
household tasks, reading, writing, walking, wheelchair navigation).
Additionally, VSN had a negative impact on participation (driving,
community mobility, orientation, work). The impact of VSN on
fulfilling social roles remains unclear. VSN had a negative effect on
caregiver burden. We found no clear age-related differences. Few
studies focused on participation (especially among older patients)
and caregiver burden.

4.1. Impact of VSN on ADL

Our findings on independence and performance of ADL are
consistent with the review of Jehkonen et al., who concluded that
VSN had a negative influence on independence of activities [8]. In
contrast, Stein et al. reported no important relationship between
hemi-inattention status and functional outcome in patients with
right hemisphere stroke because of significant methodological
limitations of the relatively few studies published in this field in
the last decade [5].

Measuring independence in ADL is useful (e.g., FIM of BI) to
produce an overall image regarding functioning, functional
recovery and progress. However, an independence measure does
not allow for analyzing the problems people experience or to
indicate the problems in performance. When VSN is examined
with a performance scale (e.g., CBS) better insight in the actual
performance of activities is gained as well as an overview of real
experienced needs in treatment of VSN or in compensation
strategies. With more insight in ADL performance, personal goals
can be better described, and treatment can be more adequate,
coordinated and adjusted accordingly. A performance measure will
help give more information to the patient and caregiver about the
treatment, the needs, modifications and preparation both during
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rehabilitation and when returning home. We suggest that when
assessing VSN, a measurement tool that gives insight in the impact
of VSN on performance of activities is needed as well.

Many studies reported a discrepancy between the various VSN
diagnostic measurements, particularly when using tests on different
levels of outcomes (levels of body function, ADL and participation).
For example, pen-and-paper test results differed from results of a
measurement for ADL [69,86,108], VR [119], and dynamic
measurement [106]. In general, many studies reported that patients
who showed VSN during an ADL task did not show VSN on a regular
pen-and-paper task. To prevent missing VSN and underrecognizing
it, VSN should be assessed at more than one level (i.e., levels of
isolated [cognitive] function as well in more dynamic situations).

Overall, a considerable number of different instruments were
used to diagnose VSN, which makes comparison and interpretation
of the studies difficult and does not benefit research and practice.
Therefore, future VSN studies will require consensus on outcome
measures for both research and general practice. This requirement
applies to all levels of measurements to diagnose VSN in terms of
function (i.e., pen-and-paper test) and at the level of activities and
participation.

4.2. Impact of VSN on participation

To our knowledge, no other review has examined the impact of
VSN on participation. Our findings show that VSN had a negative
influence on different aspects of participation and also show
considerable variety regarding which aspect of participation
showed related problems. The impact of VSN in fulfilling social
roles was unclear. Further research is needed to gain more insight
into the association between VSN and participation.

4.3. Impact of VSN on caregiver burden

Although we expected to find more studies on the impact of
VSN on caregiver burden, only 2 met the inclusion criteria, both
associated VSN with a greater burden on caregivers of VSN patients
than caregivers of non-VSN patients. The effect of VSN on caregiver
burden is underexposed, and more research is needed to explore
caregivers’ problems and to better guide VSN patients and
caregivers in preparation for a return home.

4.4. Difference between study populations with mean age younger/

older than 65 years

We found no clear age-related differences in the aspects
investigated. The results concerning age differences by level of
participation and caregiver burden should be interpreted with
caution. Our results indicate that more research in this field is needed.

Although VR is a relatively new instrument to detect problems
in VSN activities in a safe environment, we found 8 studies using
this instrument. However, 3 were from the same authors
[114,115,120], 2 of which included the same population
[115,120]. Since only one study had a population with mean
age � 65 years, [83] more studies are needed on the usability and
diagnostic criteria in this older age group.

VSN is a common disorder after stroke in older adults (mean
age � 65 years), but we found few studies of this population
according to level of participation. Further research is needed to
gain more insight into the association between VSN and
participation, especially among older patients.

4.5. Strengths and limitations

A limitation of this study was the restriction in search strategy.
First, our search strategy concerned only studies written in English.
Second, because of the large amount of included studies, we did not
use a snowball method or include grey literature (e.g., theses).

One strength of this systematic review is the inclusion of both
quantitative and qualitative study designs. By using the MMAT for
methodological quality assessment, we could assess various types
of study designs with one measurement tool within their own
category. In addition, using the MMAT could also be considered a
limitation. The MMAT can be used for every study design but is
therefore also a coarse tool to measure quality. The quality score
could differ when using another instrument for quality assessment.

Another strength is that we examined the impact of VSN on
three different aspects (ADL, participation and caregiver burden);
moreover, the outcome ADL was split into independence and
performance. Although many studies have examined indepen-
dence measures, these instruments do not assess actual perfor-
mance. Measurements of performance are important for actual
insight into the problems people with VSN really experience. More
insight can ensure better individual treatment (goals) and better
guidance for patients and caregivers for returning home. In the
present review, both the inclusion of all study designs and
examination of the impact of VSN provided a more comprehensive
overview of the impact of VSN on patients and caregivers.

5. Conclusion

VSN has a negative impact not only on patients’ independence
but particularly on the performance of ADL. Despite the far fewer
studies of VSN as compared with ADL, VSN also seems to hamper
participation and increases caregiver burden, but further research
is recommended. Because of the large impact, VSN should be
systematically and carefully assessed during rehabilitation. A
considerable number of different instruments were used to
diagnose VSN. Diagnosing VSN at more than one level (function
[i.e., pen-and-paper test], activities and participation) is strongly
recommended. Consensus is needed for research and practice on
how to assess VSN and its negative impact.
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