
Article history:

Received: January 24, 2018
Revised: February 10, 2018
Accepted: March 14, 2018

Keywords:

brain, meta-analysis, 
stroke, therapeutic, 
visual perception

https://doi.org/10.24171/j.phrp.2018.9.2.04
pISSN 2210-9099 eISSN 2233-6052

Osong Public Health Res Perspect 2018;9(2):59−65

Original Article 

Therapeutic Intervention for Visuo-Spatial Neglect after Stroke: 
A Meta-Analysis of Randomized Controlled Trials
Jae-Sung Kwon *

Department of Occupational Therapy, Cheongju University, Cheongju, Korea

A B S T R A C T

   Osong Public Health and Research Perspectives
Journal homepage: http://www.kcdcphrp.org

Objectives: The aims of this meta-analysis were to examine intervention methods of qualitatively, well-
designed studies from the past 10 years for treating visuo-spatial neglect (VSN) in patients who had 
suffered a stroke, and to evaluate the combined effects of intervention. 
Methods: Studies published between 2008 and 2017 on the theme of VSN were collected from PubMed, 
CINAHL, and MEDLINE, representative academic databases and search engines. The PEDro scale was 
used for evaluating the quality of methodology. The sample size, mean, and standard deviation of 
identified studies were used for meta-analysis.
Results: Eight studies were selected for analysis. The PEDro scores of the selected studies were ≥ 7, with 
237 subjects analyzed. The results of intervention were classified into "mental function" and "activity 
and participation" based on the International Classification of Functioning, Disability and Health. The 
analyzed effect sizes for combined outcomes, mental function and, activity and participation, were 0.728 
(medium effect size), 0.850 (large effect size), and 0.536 (medium effect size), respectively. 
Conclusion: Intervention methods for treating VSN had a short-term effect on cognitive function (visual 
perception). In particular, non-invasive brain stimulation therapy showed a large effect size for VSN 
treatment.

©2018 Korea Centers for Disease Control and Prevention. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Visuo-spatial neglect (VSN) is a common symptom associated 
with unilateral brain damage and has been frequently observed 
in individuals with right hemisphere brain injury [1]. In acute 
stroke, VSN occurred in 43% of patients with right hemisphere 
damage and 17% of patients with left hemisphere damage [1]. 
It has also been reported that VSN remained after 3 months 
in 17% of right hemisphere stroke victims, and 5% of left 
hemisphere stroke victims [2].

The VSN symptoms that remain after a stroke make it hard 
for patients to recognize objects on the side they are paralyzed, 
and be independent in daily life [3]. Furthermore, stoke 

rehabilitation studies show that patients with VSN-associated 
symptoms have a slower physical recovery than those patients 
whose stroke was not accompanied with VSN symptoms [4, 5].

Various interventions have been employed to treat VSN of 
individuals who have suffered a stroke. Previous studies have 
used individual behavioral training, assistive devices, sensory 
stimulation, brain stimulation, virtual reality, and drug therapy 
[6]. Individual behavioral training included interventions 
to improve the awareness and attention of the neglect side, 
voluntary trunk rotation, limb activation (LA), constraint-
induced therapy, and smooth pursuit eye movement training 
[7-10]. Ipsilateral eye patching and prism adaptation training 
(PAT) were implemented as an assistive device of intervention 
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for the neglect symptoms [11, 12]. Neck muscle vibration and 
galvanic-vestibular stimulation (GVS) were used as sensory 
stimulation [13, 14]. Noninvasive brain stimulation therapies 
included transcranial direct current stimulation (tDCS), 
repetitive transcranial magnetic stimulation (rTMS), and 
theta-burst stimulation (TBS) [15-17]. Currently, as technology 
evolves, virtual reality and medication have been used to treat 
VSN [18, 19]. It is clear that numerous treatment interventions 
have been developed over time to treat VSN of stroke victims.

In stroke rehabilitation, it is necessary to examine the 
interventions currently being applied and to assess which 
VSN treatments are effective. Therefore, the aims of this study 
were to investigate the treatment methods of VSN applied to 
patients in well-designed, qualitative studies from the past 10 
years, and to analyze the effects of those interventions using 
meta-analysis. To do this trial outcomes were classified into 
“mental function” and “activity and participation” according to 
the domains of the International Classification of Functioning 
and Disability and Health (ICF) [20]. 

Materials and Methods

1.Research design

This meta-analysis targeted randomized, controlled, 
clinical trials that provided VSN treatments to stroke patients. 
Various types of VSN treatment methods were considered as 
independent variables. The outcomes extracted as dependent 
variables of each study were classified into “mental function” 
and “activity and participation” according to the domains of 
the ICF.

2. Literature search

This study targeted trials published in international journals 
in English between January 2008 and September 2017. Three 
representative academic databases and search engines (i.e., 
PubMed, CINAHL, and MEDLINE) were used to find appropriate 
literature. Medical subject heading (MeSH) and keywords were 
used as the search strategies to collect appropriate literature: 
specifically, the syntax of (neglect OR inattention) AND 
(rehabilitation OR therapy OR intervention) AND stroke (MeSH) 
was used. Two researchers conducted the selection process 
for searched and collected studies independently and the 
discrepancy was compromised through discussion. As a result, 
8 publications were used for the study (Figure 1).

3. Criteria for selection

The following criteria were applied to select publications for 
final analysis; (1) the study measured mental function, activity 
and participation levels using a standardized evaluations and 

reported at least 1 outcome; (2) the study was an experimental 
study, not animal study, case study, review, or systematic 
literature review; (3) the study was a randomized controlled 
clinical trial; (4) the study provided a mean, standard deviation, 
and number of subjects in order to calculate effect size; (5) the 
study used intervention for treating VSN; (6) the study ensured 
homogeneity between the control group and the treatment 
group, and subjects were individual stroke victims; (7) the 
study had a PEDro score ≥ 6; (8) the study was published in 
English; and (9) the studies original text was available in full.

4. PEDro scale for assessment of quality of methodology 

Two researchers estimated the PEDro scale independently to 
rate the quality of methodology of the studies. If the estimated 
PEDro scores were not in agreement, the final PEDro scores 
were agreed after consultation between the researchers. 
The PEDro scale has 10 items that can be used to analyze the 
internal validity of a publication, and a publication can be 
classified into 10 grades. Grades 9 and 10 were classified as 
very high quality studies, Grades 6, 7, and 8, were considered 
high quality studies, Grades 4 and 5 were seen as fair quality 
studies and Grades ≤ 3 were classified as studies of poor 
quality. [21]. This meta-analysis study only used publications 
of studies classified as very high or high quality.

Figure 1. Inclusion and exclusion research flow diagram to identify 
studies for meta-analyses. 
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5. Characteristics of included studies 

8 studies were selected and analyzed for the study. There 
were 237 subjects analyzed; 117 subjects in the treatment 
group and 120 subjects in the control group. All subjects were 
acute stroke patients diagnosed within 6 months of onset. 

VSN treatments were divided into several types; intervention 
combining rTMS, intervention merging right hemi-field eye 
patching (RHEP), computer-based cognitive training (CBT), 
intervention linking limb activation and sensory cuing (SC), 
TBS, PAT, GVS, and visuo-motor feedback training (VFT), a new 
intervention method. 

Studies were classified by measurement outcomes to 
calculate the effect size. There were 8 studies testing the visual 
perception of the “mental function” domain, and 7 studies 
evaluating behaviors and activities of daily living (ADL) in the 
“activity and participation” domain. All analyzed publications 

were randomized, controlled, clinical trials with PEDro scores 
of ≥ 7 (Table 1). 

6. Quantitative analysis

A quantitative, meta-analysis was conducted to examine the 
integrated effect size, statistical homogeneity, and publishing 
bias of the selected studies. Comprehensive Meta-Analysis 3.0 
was used for the analysis.

Q-value was used for evaluating the homogeneity of effect 
sizes. It was determined that the heterogeneity of effect size 
between studies was small when statistical significance of the 
Q-value was p ≥ 0.1. However, determining the heterogeneity 
between studies with Q-value, and deciding the effect model 
do not have a robust statistical basis. Therefore, this study 
determined the heterogeneity of effect size through Q-value 
and selected the fixed effect model or the random effect model 

No Study
Exp/ 

Con(n)
Onset 

duration
Age 

(M±SD)
Intervention

Time of 
intervention

Outcome measure 
(Classification)

PEDro 
score

1
Aparicio-Lopez et 

al. (2016) [22]
13
15

85.3±67.3* D
80.3±39.7* D

50.5±7.6
45.7±8.1

CBT+RHEP
CBT

1 Hs  
2-5 Ss/W  
total 15 Ss

BCT FCO LBT (MF) 
BTT CBS RT (A&P)

7

2
Cha & Kim (2016) 

[23]
15
15

4.1±1.1* M
3.9±0.8* M

64.1±12.1
63.3±12.2

CRT+rTMS
CRT+sham

50 Ms  
5 Ss/W 4 Ws

AT LBT (MF) 
BBT (A&P)

9

3
Fong et al. (2013) 

[24] 
19
16

24.3±18.5* D
22.3±12.0* D

66.2±14.8
68.6±10.6

CR+LA/SC
CR+LA

3 Hs 5 Ss/W  
3 Ws

BIT-CT (MF) 
BIT-DT FIM (A&P)

7

4 Fu et al. (2015) [25]
10
10

50.3±33.3* D
34.9±14.6* D

55.1±14.0
59.5±12.7

CRT+cTBS
CRT+sham

30 Ms 3 Ss/W
2 Ws

LBT SCT (MF) 8

5
Mizuno et al. (2011) 

[26]
15
19

67.1±18.4* D
64.4±20.9* D

66.0±11.5
66.6±7.7

CRT+PAT
CRT+ATnoP

20 Ms 2 Ss/D
5 Ds/W 2 Ws

BIT-C (MF) 
BIT-B CBS (A&P)

9

6
Rossit et al. (2017) 

[27]
9

10
3.1±0.9* M
3.2±0.5* M

65.9±2.8
64.9±2.5

VFT
VTnoF

 6-8 Rep/S 
12 Ss for 2 Ws

BIT BaT (MF) 
SIS-ADL/SP (A&P)

8

7
Wilkinson et al. 

(2014) [28]
16
15

94(39-534) † D
68(39-229) † D

65.7±8.7
66.9±10.6

VST+GVS
VST+sham

10 Ss for 4 Ws
BIT (MF) 
BI (A&P)

7

8
Yang et al. (2016) 

[29]
20
20

37.5±26.0* D
42.5±30.6* D

54.6±11.8
58.7±12.7

CRT+rTMS
CRT

45 Ms 5 Ss/W
2 Ws

BIT-C (MF) 
CBS MBI (A&P)

8

*Mean±Standard Deviation, †Median (Interquartile Range)
A&P=activity and participation; AT=Albert Test; ATnoP=adaptation training without prism; Bat= alloons Test; BBT=Box and Block Test; BCT=Bell 
Cancelation Test; BI=Barthel Index; BIT=Behavioral Inattention Test; BIT-B=Behavioral Test; BIT-C=Conventional Test; BIT-CT=Cancellation Task; 
BIT-DT=Drawing Task; BTT=Baking Tray Task; CBS=Catherine Bergego Scale; CBT=computer-based cognitive rehabilitation; CG=control group; 
CRT=conventional rehabilitation therapy; cTBS=continuous theta-burst stimulation; D=days; EG=experimental group; FCO=Figure Copying of 
Ogden; FIM=Functional Independence Measure; GVS=galvanic vestibular stimulation; Hs=hours; LA= limb activation; LBT=Line Bisection Test; 
M=months; MBI=Modified Barthel Index; MF=mental function; Ms=minutes; PAT=prism adaptation training; Rep=repetition; RHEP=right hemi-
field eye patching; RT=reading task; rTMS=repetitive transcranial magnetic stimulation; S(s)=session(s); SC=sensory cueing with wristwatch 
vibration device; SCT=Star Cancellation Test; SIS-ADL/SP=Stroke Impact Scale-Activities of Daily Living/Social Participation; VFT=visuomotor 
feedback training; VTnoF=visuomotor training without feedback; W(s)=week(s).

Table 1. Characteristics of selected studies included for meta-analyses.
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when considering the study design, participants, intervention 
methods, and the temporal difference in measuring variables 
[30]. 

The number of study participants, mean, standard deviation, 
and statistical t- and p-values were used to estimate the 
combined effect size of the analyzed papers. The dependent 
variables used to calculate the effect size were analyzed by 
calculating the effect size combined with mental function 
and that with, activity and participation. The effect size was 
interpreted as a small effect size, a medium effect size, and a 
large effect size when Cohen’s d was < 0.4, 0.4 to 0.7, and ≥ 0.8, 
respectively, according to Cohen's criteria [31]. The combined 
effect size and confidence interval were visualized through the 
forest plot.

Funnel plots and fail-safe number values   were used to test 
publication bias. The funnel plot was used to evaluate if the 
points were symmetrically and evenly distributed on both 
sides around the effect size. When fail-safe number value was 
small and p > 0.05, it was considered that publication bias 
existed [32].

Results

1. Quantitative analysis

Statistical heterogeneity
Q-value was used to test the homogeneity of analyzed 

studies. It was found that the Q-value for the effect size of 
combined outcomes was 26.213 (df = 7, p 0.000). That of 
mental function was 25.768 (df = 7, p 0.001) and that of activity 
and participation was 9.073 (df = 6, p 0.169). The calculated 
Q-values indicated that the heterogeneity of combined 
outcomes and mental function effect sizes were high, and that 
of activity and participation effect sizes were low. However, the 
random effect model was selected because the homogeneity of 
the study design and subjects could not be guaranteed, and the 
effects were measured by various methods such as score, time, 
and length (Table 2).

Effect on combined outcomes and mental function
There were 117 study participants in the experimental group 

and 120 in the control group to analyze the effect of VSN 
treatments on the combined outcomes and mental function. 
The effect size was 0.728 (95% CI 0.336 to 1.119), indicating 
a medium effect size (Figure 2). Analysis of mental function 
showed that the effect size was 0.850 (95% CI 0.308 to 1.392), 
indicating a large effect size (Figure 3).

Effect on activity and participation
There were 107 study participants in the experimental group, 

and 110 in the control group to determine the effect of VSN 
treatments on, activity and participation. The effect size was 
0.536 (95% CI 0.196 - 0.877), indicating a medium effect size 
(Figure 4).

2. Publication bias

The publication bias was examined using funnel plots 
and fail-safe numbers. In the 8 studies used to analyze the 
effect sizes of combined outcomes and mental function, 
the fail-safe numbers were high at 89 (p < 0.05) and 57 (p 
< 0.05), respectively. However, the points in the funnel plot 
were widely spread and were not symmetrical. Therefore, 
publication bias can’t be ruled out. Seven studies evaluating 
the effect size of activity and participation distributed in the 
area of the funnel plot, had values that were symmetrical and 
the fail-safe number was 22 (p < 0.05). Therefore, it can be 
interpreted that there is no publication bias for these 7 studies 
(Figure 5).

Discussion

In this study, dependent variables were classified into 
“mental function” and “activity and participation” for analysis. 
The effect size of mental function was 0.850, indicating a 
large effect size and that of activity and participation was 
0.536, a medium effect size. Even if the similar interventions 
were provided for similar participants, there was a difference 
in the effect sizes between mental function and, activity 
and participation [23, 29]. This finding could be due to 
the duration of an intervention, and the characteristics of 
outcome measurements. First, the duration of analyzed 
studies’ interventions was mostly a short period between 2 
and 4 weeks, and mental function outcome measurements 
were mainly pencil and paper works, that could be sensitive 
to immediate effects [33]. On the other hand, the outcome 
measurements classified as activity and participation may 
not be sensitive to short-term effects because they reflected 
changes in behavior. Second, the outcome measurements of 

Studies T2 Q df p

CO 8 0.221 26.213 7 0.000

MF 8 0.430 25.768 7 0.001

A&P 7 0.071 9.073 6 0.169

A&P=activity and participation; CO=combined outcomes; MF=mental 
function.

Table 2. Statistical heterogeneity.
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Figure 2. Effect of intervention for visuo-spatial neglect on combined outcomes.

Figure 3. Effect of intervention for visuo-spatial neglect on mental function.

Figure 4. Effect of intervention for visuo-spatial neglect on activity and participation.

mental function directly reflect changes in behavior, because 
test scales such as time and distance were sensitive items, 
while that of activity and participation was on an ordinal scale 
reflecting the results of a pattern of activity. Lastly, it could be 
possible that participation in complex activities was limited 
because selected study subjects were all acute or subacute 
stroke patients diagnosed within 6 months from onset and 
insight of earlier symptoms is generally poor due to the 

characteristics of early VSN symptoms [22].
The analyzed studies offered various interventions to treat 

VSN. Amongst them, we paid attention to the immediate 
effects of non-invasive brain stimulation; rTMS and cTBS. 
It was noteworthy that the effect size of non-invasive brain 
stimulation therapy was large. The effect size was especially 
large for mental function [23, 25, 29]. This result supported a 
previous study showing that the non-invasive brain stimulation 
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caused neurological changes by reducing the interhemispheric 
imbalance of the brains of patients with acute stroke and this 
had a positive effect on recovery of simple visual perception 
activities [16]. However, the possibility of neurological 
spontaneous recovery could not be ruled out because most of 
the patients were acute or subacute stroke victims.

This study highlighted the effectiveness of VFT which has 
been neglected in the rehabilitation field [27]. However, it 
showed large effect sizes in both mental function and, activity 
and participation even though the selected study had only 

a 2 week intervention period. It was noteworthy that other 
interventions showed a large effect size although only in the 
fragmentary visual perception test, whilst VFT revealed a large 
effect size in the behavioral test and the daily activity test. 
It may be possible that patients could learn how to correct 
errors if continuous feedback is received and a learned strategy 
may have changed the level of activity and participation 
consistently, even though it was a short period of time [34].

The limitation of this study was the absence of analysis of 
individual intervention because there were only a few selected 
studies for each VSN intervention treatment and only the 
short-term effects of treatment were analyzed. Therefore, 
future meta-analyses will need to examine the detailed 
therapeutic effects of each intervention and analyze both long-
term and short-term effects.

In summary, the results of this analysis showed that the 
effects of interventions for treating VSN on mental function had 
a large effect size and those on activity and participation had 
a medium effect size. The effect on the combined outcomes 
could be interpreted as a medium effect size. In particular, non-
invasive brain stimulation amongst various interventions was 
more effective for short-term VSN treatment.
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