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Background: Visual perception is a dynamic process of perceiving the environment through sensory input and transforming sensory input into meaningful concepts related to environmental visual knowledge. Many studies focusing on the role of visual perception after stroke have been published in various journals. However, a bibliometric analysis in the domain of visual perception after stroke is still lacking. This study aimed to deliver a visual analysis to analyze the global trends in research on the role of visual perception after stroke in the last 10 years.

Methods: The literature was derived from the Web of Science core collection database from 2012 to 2021. The collected material was limited to English articles and reviews. CiteSpace and Microsoft Excel were used for bibliographic analysis.

Results: A total of 298 articles were included in the analysis. The annual number of publications increased from 23 to 42 in the last decade. Rehabilitation was the main research hotspot (n = 85). Journal of Physical Therapy Science published the largest number of papers (n = 14). The most influential author, institution, and country were Rowe FJ (n = 17), League of European Research Universities (n = 45), and England (n = 54), respectively. The keywords with the longest burst period are field defect, hemineglect, disorder, and quality of life.

Conclusion: This study analyzes the papers on the role of visual perception after stroke in the past 10 years and provides a new perspective for research in this field. At present, the number of articles in this field is not large and the cooperation network is not close enough. In the future, it is necessary to strengthen the cooperation among various countries, institutions, and authors. In addition, large samples and randomized controlled trials are needed to identify the potential treatments and pathophysiology for visual perceptual impairment after stroke.
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Introduction

Visual perception is a dynamic process of perceiving the environment through sensory input and transforming sensory input into meaningful concepts related to environmental visual knowledge, such as visual reception and visual cognition (decision-based analyses combining prior knowledge with retinal input to generate representations) (1, 2). After the stroke, different visual perception disorders will appear due to injury to different brain regions, such as impaired visual memory, visuospatial disturbances, and agnosia (3). In an acute adult stroke population, Rowe et al. reported that 73% of stroke survivors had visual problems, such as impaired central vision (56%), eye movement abnormalities (40%), visual field loss (28%), visual inattention (27%), and visual perceptual disorders (5%) (4). In addition, Rowe and colleagues reported that 20.5% of stroke survivors with a suspected visual difficulty have visual perception deficits (5). Siong et al. indicated that the percentage of visual problems in Hong Kong post-stroke patients was generally lower than in Western countries. However, a high prevalence of patients had deficits in oculomotor (53.1%) and visual acuity (29.8%) (6). In clinical work, clinicians often underdiagnosed visual perceptual deficits in stroke survivors due to reliance on subjective and non-standardized screening approaches (7). Inadequate diagnosis of vision problems can seriously affect the quality of life, functional outcomes, community participation, and independence of stroke survivors (8–10).

Because the emphasis of clinical work often focuses on limb dysfunction after stroke, the visual perceptual problems of patients are often ignored. With the development of modern medicine, the deficits of visual perception after stroke have recently attracted the attention of clinical work (11). With the deepening of research, many studies have focused on visual perception in stroke, and related articles have been published in academic journals. These studies have studied the visual perception of stroke from the basic, clinical, and rehabilitation (12). However, a quantitative analysis of publications focused on the role of visual perception in stroke has not yet been conducted.

Bibliometric analysis is a quantitative statistical method that uses computer image processing technology to convert data into graphics and display them on the screen. Based on the co-citation analysis theory and pathfinding network algorithm, CiteSpace software can analyze literature of specific disciplines or fields from multiple perspectives and draw visual maps to explore the critical paths, research hotspots, and frontiers of the evolution of this discipline or field (13–15). Studies have shown that the CiteSpace software can help scholars to understand the current situation and hotspots of a certain research field more quickly. At present, visual analysis based on the CiteSpace software has been used in various research fields (16, 17).

To address the weakness of quantitative analysis for studies focused on the role of visual perception after stroke, the objective of this study is to use CiteSpace software to perform bibliometric analysis for the global scientific research on studies involved in the role of visual perception after stroke in the past decade.



Methods and materials


Data source and search strategy

This bibliometric analysis included published articles and reviews that focused on the role of visual perception after stroke. The core collection database in the Web of Science (WoS) from 1 January 2012 to 31 December 2021 was used as the source for retrieval. Searches were conducted using the following MeSH terms: (((((TS=(visual perception)) OR TS=(visual cognition)) OR TS=(visual*)) OR TS=(vision*)) OR TS=(neglect)) AND TS=(stroke).



Inclusion and exclusion criteria

The previous studies focused on the role of visual perception after stroke were selected after screening the title and abstract. Only articles and reviews that studied visual perception after stroke were included. Other document types, such as letters, commentaries, and meeting abstracts, were excluded. In addition, the publication language was limited to English. Two researchers independently screened titles and abstracts manually for potential eligibility. Doubtful records were discussed and an independent third reviewer decided whether doubtful records should be included. The flow chart of the inclusion is shown in Figure 1. Finally, 298 records were identified for bibliometric analysis.


[image: Figure 1]
FIGURE 1
 Flowchart of studies inclusion.




Software parameter settings

CiteSpace V (version: 5.8.R7; Drexel University, USA) and Microsoft Excel 2019 were used for bibliographic analysis. The “Time Sliding” value was set to 1 year. The type of node was selected according to the purpose of the analysis.



Interpretation of main parameters
 
Node circle and the link between nodes

The radius of a node circle indicates the number of papers published in the author or institutional co-authorship network, and also indicates the frequency of keywords in the co-occurrence network. A link indicates the presence of co-authorship or a co-occurrence relationship.



Betweenness centrality

Betweenness centrality is an index that measures the importance of nodes in the network.



Burst detection

The function of Burst detection is to detect the situation where there is a great change in the number of citations in a certain period. Thus, it can be used to find the decline or rise of keywords.



Dual-map overlaps

Dual-map overlaps are a new method to display the distribution and citation trajectory of papers in various disciplines. As a result, there is a distribution of citing journals on the left side and a distribution of cited journals on the right side. The curve is the citation line, which completely shows the context of the citation.



H-index

H-index is the number of publications whose citations are larger than H, which is used to evaluate academic achievements.





Results


Publication outputs analysis

A total of 298 publications were included in our study. Figure 2A shows the distribution of annual papers on the role of visual perception after stroke from 2012 to 2021. We use a linear regression equation to fit and analyze the data, and a positive value of x indicates that the data show positive growth. The R2 represents the degree of correlation, and the larger the number, the stronger the degree of correlation. Two stages have been found in the past decade. The annual literature publication shows an unstable trend from 2012 to 2015, and increases year by year from 2016 to 2021. However, the overall trend shows an upward trend with the increase in the number of years. Figure 2B shows the distribution of annual citations of included studies. The overall trend is positive and the time trend of citations indicated a significant correlation (R2 = 0.9313).


[image: Figure 2]
FIGURE 2
 The number of publications and citations. (A) The number of annual publications on included studies. (B) The number of annual citations on included studies.


As shown in Figure 3, the most published articles (n = 42) and open access (n = 27) were recorded in 2020. The highest citations (n = 852) and H-index (n = 16) were occurred in 2013.


[image: Figure 3]
FIGURE 3
 The number of articles, open-access articles, citations, H-index, citations per paper, and citations in 2021 for each year.




Authoritative journals analysis

A total of 119 journals contributed to the 298 papers included in this study. Table 1 shows the top 15 journals ranked by the number of publications. Journal of Physical Therapy Science contributed the most number of publications (n = 14), the highest open access (n = 13), and the greatest H-index (n = 8), followed by Neurorehabilitation and Neural Repair (n = 12), and Topics in Stroke Rehabilitation (n = 11). Neurorehabilitation and Neural Repair had the greatest citations (n = 241). Annals of Physical and Rehabilitation Medicine presented with the highest Impact Factor (IF 2020 = 4.919).


TABLE 1 The top 10 journals ranked by the number of publications.

[image: Table 1]

Dual-map overlaps of journals are displayed in Figure 4. The 298 publications included in our study were mostly published in journals dedicated to neurology, sports, and the ophthalmology field. Cited journal publications were mainly from the psychology, education, and social field.


[image: Figure 4]
FIGURE 4
 Visualization of dual-map overlays of citing journals and cited journals of 298 studies published from 2012 to 2021. The colored curve indicates the path of citation, which originates from 16 fields of the citing journals on the left and points to 18 fields of the cited journals on the right.




Subject categories analysis

Among the 43 subject categories, we analyzed the top 15 published disciplines (Figure 5). Neurosciences ranked the largest number of publications (n = 114), open-access value (n = 63), citations (n = 1147), and H-index (n = 21). Sport Sciences had the highest number of citations per paper (n = 23.45).


[image: Figure 5]
FIGURE 5
 The number of articles, open-access articles, citations, H-index, and citations per paper of the top 15 subject categories of Web of Science.




References analysis

Figure 6 shows the timeline view of references in the included 298 papers. The clusters were decided based on keywords and the abstract of included studies. The clustered research categories of reference co-citation analysis were divided into 15 groups (#0–14). The largest cluster (#0) has 32 members which are labeled as usn rehabilitation. The most relevant citer to the cluster is “Non-pharmacological interventions for spatial neglect or inattention following stroke and other non-progressive brain injuries” (12). The second-largest cluster (#1) labeled as visual extinction has 30 members. The most relevant citer to the cluster is “Multi-tasking uncovers right spatial neglect and extinction in chronic left-hemisphere stroke patients” (18).


[image: Figure 6]
FIGURE 6
 A timeline view of reference co-citation analysis.




Authoritative countries, institutions, and authors analysis

In total, 34 countries, 586 institutions, and 1,182 authors contributed to the related research. The top 15 countries based on the number of publications were shown in Figure 7. England had the greatest number of papers (n = 54), open-access value (n = 42), citations (n = 837), and H-index (n = 15). Ranked the highest number of citations per paper (n = 20.95). CiteSpace uses “Affiliation” of included studies to analyze authoritative institutions. Each affiliation represents an institution. Figure 8 shows the top 15 institutions in terms of the number of papers. The highest amounts of publications (n = 45), open-access value (n = 28), citations (n = 850), and citations per paper (n = 16) were reported at the League of European Research Universities Leru. The top 15 authors and co-cited authors were ranked based on the number of papers published (Table 2). Rowe FJ ranked first (n = 17) in terms of publications published, followed by Hepworth LR (n = 10) and Pollock A (n = 10).


[image: Figure 7]
FIGURE 7
 The number of articles, open-access papers, citations, H-index, and citations per paper of the top 15 countries.
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FIGURE 8
 The number of articles, open-access papers, citations, H-index, and citations per paper of the top 15 institutions.



TABLE 2 The top 10 authors, co-cited authors, and co-cited references.

[image: Table 2]

Figure 9 shows the collaboration maps in different countries, institutions, and authors. In terms of centrality, the top three countries are the USA (n = 0.48), Germany (n = 0.44), and England (n = 0.39). The top three centrality institutions are Glasgow Caledonian Univ (n = 0.03), Univ Glasgow (n = 0.02), and Univ Strathclyde (n = 0.02). The top three centrality authors are Fiona J Rowe (n = 0.01), Christine Hazelton (n = 0.01), and Verity Longley (n = 0.01).


[image: Figure 9]
FIGURE 9
 The cooperative network analysis of countries, institutions, and authors. (A) Network map of countries. (B) Network map of institutions. (C) Network map of authors. A link indicates the presence of co-authorship or a co-occurrence relationship.




Keywords analysis

Figure 10 shows the top 25 keywords with the strongest citation bursts. The keyword with the highest burst value is movement (n = 3.18), and the keywords with the longest burst period are field defect, hemineglect, disorder, and quality of life. By the end of 2021, the keywords with the most outbreaks of cited publications included disorder (2017–2021) and quality of life (2018–2021).


[image: Figure 10]
FIGURE 10
 The top 25 keywords with the strongest citation bursts.




Features of the 10 most frequently cited papers

The production table of the top 10 most frequently cited papers is shown in Table 3. The top 10 papers are cited 888 times, accounting for 24.76% of the total cited numbers (n = 3,586). The most cited paper (143 citations) by Bowen et al. with the title “Cognitive rehabilitation for spatial neglect following stroke Evidence-Based Cognitive Rehabilitation: Systematic Review of the Literature From 2009 Through 2014” was published in 2013 in the Cochrane Database of Systematic Reviews (19). Two of the top 10 papers were published in journals with IF ≥ 10 (Brain and Nature Reviews Neurology).


TABLE 3 The top 10 articles with the most citation frequency.
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Discussion


Global research trends on the role of visual perception after stroke

In this study, we performed a bibliometric analysis of studies focused on the role of visual perception after stroke in the past 10 years. The results show that the number of publications represents a continuous but unstable growth trend yearly, with the most obvious growth trend from 2016 to 2021. In addition, the amount of citations shows a continuous growth yearly from 8 to 774. These results indicate that studies focus on the role of visual perception after stroke attracting more and more attention from all over the world.

In terms of authoritative journals, Journal of Physical Therapy Science (n = 14), Neurorehabilitation and Neural Repair (n = 14), and Topics in Stroke Rehabilitation (n = 11) ranked the top three. Among the top 15 journals, only three journals were Q1. In addition, none of the top 15 journals had an IF of more than 5. These results indicate that the quality of studies focused on the role of visual perception after a stroke still needs to strengthen.

In the field of authoritative countries, England (n = 54), the USA (n = 52), and South Korea (n = 36) are the major countries contributing to research on the role of visual perception after stroke. These three countries published 142 papers, accounting for 47.65% of the total number of articles included in this study. In terms of authoritative institutions, the League of European Research Universities ranked first (n = 45) based on the number of publications, which is a consortium of leading research universities in Europe. In addition, this institution also had the highest open-access value (n = 28), citations (n = 850), and citations per paper (n = 16). In terms of authoritative authors, Rowe FJ is the most influential author, with the highest volume of articles (n = 17), open-access value (n = 12), and H-index (n = 9). In addition, this author also demonstrated the highest centrality (0.01). From the perspective of the cooperative network, the USA had the greatest centrality (0.48), followed by Germany (0.44) and England (0.39). Glasgow Caledonian Univ is the top institution with the highest centrality (0.03), followed by Univ Glasgow (0.02) and Univ Strathclyde (0.02). It is worth noting that the countries and institutions with the largest volume of publications do not have the highest intermediary centrality. These results indicate that future studies involved in the role of visual perception after stroke should strengthen the cooperation between different countries and institutions.



Research hotspots on role of visual perception after stroke

Among all the discipline categories of WoS, Neurosciences, Rehabilitation, Clinical Neurology, Psychology, and Behavioral Sciences are mainly concentrated, indicating that the study on the role of visual perception after stroke focuses on rehabilitation from the perspective of clinical neurology. In addition, reference analysis showed that the most relevant citer to the biggest cluster is “Non-pharmacological interventions for spatial neglect or inattention following stroke and other non-progressive brain injuries.” This review indicated that no rehabilitation approach can be supported or refuted for spatial neglect based on the current evidence from RCTs (12). Future studies need to carry out high-quality research on non-pharmacological interventions for spatial neglect after stroke.

The evolution of a knowledge domain can be reflected by keywords. In terms of count numbers based on keyword analysis, rehabilitation (n = 85) ranked first, followed by hemispatial neglect (n = 72) and recovery (n = 66). In terms of the top 25 keywords with the strongest citation bursts, the keywords with the longest burst period are field defect, hemineglect, disorder, and quality of life. These four terms indicate potential research hotspots. We give a detailed description as follows:


Field defect

Visual field defect is not a visual perceptual defect but can coexist. A study indicated that visual field defects (VFD) affect nearly 30% of patients with unilateral post-chiasmal brain damage (20). The study indicated that having a visual field defect after ischemic stroke is independently associated with increased mortality (21). A systematic review showed that an exception involving compensational strategies may have positive effects on VFD (22). In addition, the Cochrane database systematic review indicated that compensatory scanning training may be more beneficial for VFD (23). However, the evidence for the effect of interventions for VFD is mostly of very low quality, and the effects are uncertain (23–25). Therefore, further studies with high-quality methodology and large sample sizes involving stroke patients with VFD are needed.



Hemineglect

Hemineglect is a visual cognitive impairment typically occurring after damage to the parietal cortex, affecting 23% of stroke patients (26). In stroke patients, hemineglect produces a lower capacity for rehabilitation (27). The Cochrane database systematic review indicated that no rehabilitation approach can be supported or refuted based on current evidence from randomized controlled trials for hemineglect after stroke (12). However, a review suggested the beneficial effect of repetitive transcranial magnetic stimulation (rTMS) with moderate quality evidence for hemineglect (28). In addition, one study indicated that interaction patterns mediated by white matter tracts linking cortical nodes of attention-oriented networks, consolidated by further studies, may help develop and customize brain stimulation approaches for the rehabilitation of hemineglect (29). Therefore, future studies should focus on potential non-invasive brain stimulation paradigms for hemineglect after stroke.



Disorder

Visual perceptual deficits include apperceptive and associative agnosia, prosopagnosia, akinetopsia, and achromatopsia. Rowe et al. reported that 20.5% of stroke patients with a suspected visual difficulty have visual perceptual deficits (30). At present, various tools are available to screen for post-stroke visual impairment, such as Vision in Stroke Standardized Screening Form (30), Checklist for Vision Problems Post-stroke (31) et al. However, current tools employ non-standardized assessments and rarely cover higher visual perceptual deficits after stroke (11). In addition, most tools cannot be used for patients with aphasia or communicative deficits (32). Furthermore, these tools are not specific to visual perception disorders after stroke. Therefore, future recommended research should develop a single standardized comprehensive tool for visual perceptual impairments after stroke.



Quality of life

From the perspective of functional levels, visual perceptual impairments can significantly reduce the quality of life after stroke, such as being unable to live independently, or return to work (33, 34). Identifying visual perceptual impairment after stroke can strengthen rehabilitation and improve the quality of life for these patients (32). Existing studies have proved that the rehabilitation of visual field loss after stroke is mainly from the point of view of restitution, compensation, and substitution (35, 36). Whether these ways can be used to treat visual perceptual deficits after stroke is unclear. Therefore, multicenter, large sample clinical trials are needed to explore potential treatments from these three ways to improve the quality of life for patients with visual perceptual impairment in the future.




Future direction on role of visual perception after stroke

According to this bibliometric study, future studies on visual perception after stroke may be carried out from the following aspects. First, basic research is needed to explore the underlying mechanism of different conditions of visual perceptual impairments after stroke. In addition, it is necessary to develop a simple and comprehensive scale for the screening of visual perceptual impairments after stroke. Furthermore, multi-center and large-sample clinical trials are needed to verify potential efficacy treatments for visual perceptual impairments after stroke.




Strengths and limitations

To the best of our knowledge, this study is the first to use CiteSpace software to perform a bibliometric analysis of publications on the role of visual perception after stroke in the last decade. However, this research also has certain limitations. We only analyzed publications in the WoS database due to a limitation of the CiteSpace software. In addition, this study lacked an assessment of the overall quality of included studies. Additionally, not all types of visual perceptual defects were used as keywords for search strategy.



Conclusion

This study analyzes the papers on the role of visual perception after stroke in the past 10 years and provides a new perspective for research in this field. The most influential author, institution, journal, and country were Rowe FJ, League of European Research Universities, Journal of Physical Therapy Science, and England, respectively. The keywords analysis indicated that current studies related to visual perception after stroke focus on the impact, assessment, and rehabilitation of visual perceptual impairment. In the future, large sample and randomized controlled trials are needed to carry out to identify potential screening tools and efficacy treatments for visual perceptual impairments after stroke.
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