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Abstract: Background: Vestibular schwannoma is the most common benign tumor in the pontocerebellar horn re-
gion. As the tumor grows, it often causes severe hearing loss due to compression of nearby nerves, resulting in a 
lower quality of life. This study examined vestibular schwannoma-related research through a bibliometric and visu-
alization analysis, and it explored current trends and research hot spots. Methods: Research related to vestibular 
schwannoma published from 2002 to 2021 was searched using the Web of Science Core Collection. The processing 
and visualization analysis of the data were conducted using R software, VOSviewer, and CiteSpace. Results: A total 
of 3,909 publications were included in this study, and an overall increasing trend in the annual output of publica-
tions was found. The United States, Germany, and the United Kingdom were the most prolific countries, publishing 
the most articles. Germany had the most frequent international cooperation and the highest centrality score. The 
Mayo Clinic, University of California, and Harvard University were the three most productive institutions. Otology 
& Neurotology was the most prolific journal, and MJ Link was the most productive and highest scoring author for 
centrality. Current frontier topics mainly focused on “hearing preservation” and “radiosurgery”. A map of trends in 
topics and a thematic graph revealed that “hearing loss”, “vertigo”, “magnetic resonance imaging”, “radiosurgery”, 
“stereotactic radiosurgery”, and “gamma knife” were the topics of focus of current discussions. Conclusion: Hearing 
preservation is a current frontier topic in this area. Radiosurgery has a promising future in the field of vestibular 
schwannoma, and stereotactic radiosurgery is a focus of global attention. Bibliometric and visualization analysis 
offer a unique and objective perspective of the field of vestibular schwannoma and may assist scholars in the iden-
tification of new research directions. 

Keywords: Bibliometrics, visualization analysis, VOSviewer, CiteSpace, vestibular schwannomas, acoustic neu-
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Introduction

Vestibular schwannomas are the most com-
mon benign tumors of the cerebellar horn, origi-
nating in Schwann cells produced by the myelin 
sheath of the vestibular nerve. The progressive 
loss of hearing and balance and eventual com-
pression of the brainstem caused by vestibular 
schwannomas result in serious neurological 
sequelae [1, 2]. This tumor accounts for approx-
imately 8-10% of newly diagnosed intracranial 
tumors and 90% of all cerebellopontine angle 
neoplasms [3]. The average age of patients is 
about 50 years at the time of diagnosis, and 
over 95% of all diagnosed vestibular schwan-

nomas are sporadic and unilateral, with an 
annual prevalence of approximately 1 per 
100,000 persons, without any gender differ-
ences [4]. Patients with a vestibular schwanno-
ma usually present with asymmetric sensori-
neural hearing loss, asymmetric tinnitus, and/
or vertigo. Approximately 10-20% of people 
diagnosed with vestibular schwannoma report 
sudden hearing loss at some time in their  
lives [5]. Notably, the prevalence of vestibular 
schwannoma among patients treated for sud-
den sensorineural hearing loss (SSNHL) may 
differ considerably, with some studies reporting 
rates ranging from 1.9% to 10.2% [6]. Currently, 
no clinical characteristics have been estab-
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lished to formulate a definite distinction be- 
tween vestibular schwannoma and SSNHL [1]. 
Various types of audiometric patterns and the 
recovery of normal hearing may be observed in 
patients with SSNHL suffering from vestibular 
schwannoma. 

Although magnetic resonance imaging (MRI) is 
regarded as the gold standard for establishing 
a diagnosis of vestibular schwannoma [7], 86% 
of MRIs are negative, making it an inefficient 
utilization of resources causing unnecessary 
uncertainty for the individual [8]. Thorough and 
efficient examinations have the ability to avoid 
the use of unnecessary MRI in the diagnosis of 
vestibular schwannoma, thereby improving 
cost-effectiveness. A test of the auditory brain-
stem response, which is highly sensitive to ves-
tibular schwannomas > 10 mm in size, has 
been recommended for the preliminary as- 
sessment of patients with SSNHL [7]. Current 
microsurgery and radiosurgery are highly effec-
tive procedures that have reduced patient mor-
tality and tumor recurrence significantly. In the 
last two decades, surgeons have been able to 
access different tumor sites using surgical 
microscopes and various methods, along with 
neurophysiologic monitoring of multiple cranial 
nerves intraoperatively, as well as a better 
understanding of microsurgical anatomy. Hen- 
ce, major improvements in surgical techniques 
have improved their efficacy and reduced mor-
bidity [1, 2]. As a minimally invasive procedure, 
radiosurgery can greatly improve hearing pres-
ervation. However, comparing outcomes of dif-
ferent treatments is difficult at present be- 
cause microsurgery is often preferred when a 
tumor is large, whereas radiosurgery is usually 
performed when a vestibular schwannoma is 
relatively small [3]. Currently, the best possible 
treatment for patients with vestibular schwan-
noma remains unclear.

Bibliometric analysis is a novel method based 
on mathematics and statistics for analyzing a 
large number of heterogeneous publications 
[9]. Combined with visualization software, bib-
liometric analysis facilitates the collection of 
data on the contributions of specific fields from 
multiple perspectives, as well as detailed 
trends in research or foci [10]. Bibliometric 
analysis uses citation counts as a surrogate 
measure for the quality of the research, which 
is a valid approach to statistical and qualitative 

assessments of trends in the field [11]. This 
method not only helps academic teams detect 
trends in a specific research field, but also pro-
vides a way to for them to understand the 
trends and rankings of research teams and 
individuals by evaluating the contributions of 
academic groups and individual researchers 
objectively through a systematic analysis of the 
authors, countries, journals, and citations of 
the included publications [12, 13]. 

This study analyzed keywords occurring more 
frequently in publications and recent emerging 
buzzwords to provide supporting data for cur-
rent trends that have been identified [14]. 
Bibliometric analysis has been used in several 
fields, such as disease management, pharma-
cology, nursing information, financial big data, 
energy, environment, climate change, and 
transportation systems [15-19].

Several reviews have described the epidemio-
logical features, pathophysiological mecha-
nisms, and clinical treatment of vestibular 
schwannomas [1]. However, no systematic bib-
liometric analysis combined with a visual analy-
sis of research trends and frontier hotspots, 
providing an overall framework of vestibular 
schwannoma, has been published in past 
decades. Visualization methods can promote 
an understanding of key points among teams  
of researchers of relevant research in a more 
intuitive way than can traditional systematic 
reviews and meta-analyses. Thus, this two-lev-
el method of bibliometric analysis combined 
with visual analysis has been used extensively 
to close this gap. 

The aim of this study was to conduct a compre-
hensive analysis of the developing trends in 
vestibular schwannoma and provide a thorough 
description and visual representation of the 
current state and foci of the field. Exploring 
research frontiers will provide a reference for 
research teams who are, or will be involved in 
the field, so that they can choose their direction 
of research.

Methods

Sources of data and search strategy

The Web of Science Core Collection (WoSCC) is 
a database including over 10,000 high-quality 
journals, and it is the most frequently used 
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database for medical bibliometric analyses 
[20]. In this study, we selected the Social 
Sciences Citation Index and the Science 
Citation Index-Expanded of the WoSCC as 
retrieval repositories for this study. The search 
formula was set to Topic = Vestibular schwan-
noma OR acoustic neuroma. To avoid bias 
caused by database updates, the researchers 
completed the search and data collection  
within one day on July 1, 2022. Only English-
language articles published between 2002 and 
2021 were included in this study. Subsequently, 

only original articles were included; other arti-
cle types were excluded. Figure 1A depicts the 
inclusion and exclusion of identified publica-
tions and the data analyzed in bibliometric 
analysis.

Visualization and statistical analyses 

A bar graph with annual publications was cre-
ated using Microsoft Excel 2019. In general, 
the research productivity of countries, institu-
tions, teams, and journals were evaluated 

Figure 1. A. Flow chart describing the search strategy and protocol; B. Categories of publication
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based on the total number of publications, 
while the total number of citations of authors, 
journals, and references indicated overall 
scholarly influence [21]. We also collected sev-
eral indicators from Journal Citation Reports 
2021, including the impact factor, H-index, and 
quartiles of journals. The H-index is a mixed 
quantitative index used to assess the number 
and level of academic achievements of authors 
[22]. A higher H-index of an author indicates a 
greater overall impact of the author’s publica-
tions. Moreover, the H-index has been used 
extensively in many previous studies to assess 
the productivity and academic influence of 
countries, institutions, and research teams 
[23]. Visualization was conducted using several 
visual tools.

The Bibliometrix package in R software (version 
4.0.3) and an online bibliometric analysis plat-
form (http://bibliometric.com) were used to 
analyze collaborations between countries or 
regions. Bibliometrix is an R package with a set 
of functions designed for use with quantitative 
and scientometric studies to analyze the includ-
ed publications and generate trending topics 
and thematic maps.

VOSviewer software was used to analyze in- 
tuitively the collaborative networks among 
authors, institutions, and countries, and co-
occurrences of keywords, co-citations of refer-
ences, and citations of journals. The size of the 
circle represents the number of publications or 
the frequency of keywords occurrences, and 
the thickness of the connecting lines indicates 
the strength of the links. On the network map, 
different clusters are marked by different col-
ors, and co-occurrences or collaborations are 
represented by connecting lines. VOSviewer 
generates three types of visualization graphs: 
network visualization maps, overlay visualiza-
tion maps, and density visualization maps. In 
the present study, VOSviewer (version 1.6.10) 
was used to analyze co-authorships and key-
word co-occurrences.

CiteSpace (version 5.8.R3) was used to per-
form cluster analysis, identify burst references 
and keywords, and build a timeline view. Cluster 
analysis was used to identify important topics 
in vestibular schwannoma-related fields by 
classifying keywords and cited references. 
Examining keyword and reference bursts can 
be used to identify developing trends in vestib-

ular schwannoma-related research. The higher 
the intensity of the burst, the more frequently 
the keyword occurs in the observed time peri-
od. The centrality of a node is a critical evalua-
tion metric in a network map, which quantifies 
the importance of the nodes’ locations [24]. 
Centrality is a criterion for the interaction 
between individual clusters: a higher centrality 
indicates a greater central tendency of the  
cluster in a certain research area and more fre-
quent interactions and cooperation of a coun-
try or institution with other countries or institu-
tions [25]. In the present study, we calculated 
the centrality scores of all countries, institu-
tions, and research teams. CiteSpace was 
mainly used to conduct a visual analysis of 
institutions and cited references, and to identi-
fy the keywords and cited references with the 
largest citation bursts, thereby creating a dual 
map overlay of journals.

Results

Summary of publications

A total of 3,909 publications on vestibular 
schwannoma were included in the analysis 
based on the study’s search strategy and in- 
clusion criteria. These publications were classi-
fied into 80 subject categories based on the 
criteria for data classification (Figure 1B). Of all 
the topics, Clinical Neurology was the largest 
proportion of the studies retrieved. The top 5 
disciplines with the highest number of articles  
were Clinical Neurology (2,031, 51.96%), 
Otorhinolaryngology (1,549, 39.63%), Surgery 
(1,356, 34.69%), Oncology (329, 8.42%), and 
Neurosciences (302, 7.73%). The annual pro-
duction of related publications increased, from 
143 (3.7%) in 2002 to 302 (7.7%) in 2021, with 
an average annual production of 195 publica-
tions per year (Figure 2A). These articles were 
cited 78,818 times, with an H-index of 99, and 
each document was cited an average of 20.17 
times. Research on vestibular schwannoma 
increased dramatically during 2017-2021, with 
global scholars publishing 1,332 articles dur-
ing this five-year period, accounting for 34.1% 
of all relevant publications. 

Productive countries or regions and institu-
tions

A total of 76 countries or regions contributed 
publications in the field of vestibular schwan-
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noma. The top-10 most prolific countries are 
reported in Table 1 and Figure 2B. More than 
100 publications were published in each of the 
10 countries. Figure 3A presents the distribu-
tion of the number of publications by country 
worldwide. The USA (1,523) published the  
most articles, accounting for 39.0% of the 
world’s publications, followed by Germany  
(397, 10.2%), UK (316, 8.1%), Japan (315, 
8.1%), and France (241, 6.2%). International 
collaborations among countries or regions are 

shown in Figure 3B. Although the USA ranked 
first for the number of publications, it had a low 
centrality score, which was probably related to 
lack of international cooperation. Germany 
exhibited close cooperation with other coun-
tries or regions (centrality = 0.38), followed by 
Italy (0.25), France (0.18), Japan (0.16), and the 
Netherlands (0.14). 

A total of 2,799 research institutions contribut-
ed to vestibular schwannoma-related publica-

Figure 2. A. Growth trends in publications on vestibular schwannoma from 2012 to 2021; B. Number of annual 
publications of the top-10 most prolific countries from 2012 to 2021. 
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tions. The network of institutional cooperation 
is presented in Figure 3C. Three of the top-10 
institutions were from Europe and seven were 
located in the USA (Table 2). The Mayo Clinic 
ranked first (197, 5.0%) for the number of publi-
cations, followed by the University of California 
(183, 4.7%), Harvard University (169, 4.3%), 
Udice French Research Universities (156, 
4.0%), and the University of Manchester (92, 
2.4%). Among these productive institutions, the 
top-3 rankings for centrality were the University 
of Manchester (0.37), Massachusetts General 
Hospital (0.34), and the House Research 
Institute (0.14), respectively. 

Influential authors

A total of 15,692 authors contributed to ves-
tibular schwannoma-related publications. The 
collaborative network of the authors is depict-
ed in Figure 4A, with a minimum number of 10 
publications per author. Table 3 presents the 
10 most prolific authors with publications on 
vestibular schwannoma within in the last 20 
years. MJ Link was the most productive author, 
with 126 articles (H-index = 30), followed by  
ML Carlson (124 publications with an H-index = 
29), and BA Neff (52 publications with an 
H-index = 20). The relative scarcity of links 
between the different teams of authors in the 
network collaborations suggests there was not 
sufficient collaboration between the research 
groups or labs conducting vestibular schwan-
noma-related studies. All of the authors’ cen-
trality scores were lower than 0.10, indicating 
inadequate collaboration among the research 
teams in this area of medicine. A timeline of 

authors who had published vestibular schwan-
noma-related publications was also mapped 
(Figure 4B). Among the top 20 most prolific 
authors, ML Carlson had been publishing stud-
ies in this area for more than 10 years (the first 
publication was in 2010). Although his research 
team started late, it has accumulated the larg-
est number of publications.

Analysis of keywords

The contents of the titles and abstracts of the 
3,909 publications were used to generate a 
graph with 266 keywords (8,604 in total) that 
occurred at least 20 times and were grouped 
into five clusters (Figure 5A). Figure 5B shows 
the overlay visualization of keywords. The earli-
er appearing keywords are indicated in blue 
and the most recently appearing keywords are 
indicated in yellow. The main early hot spots 
were keywords, such as “brain-tumor”, “caloric 
test”, and “severity”. In contrast, keywords  
such as “cochlear implant”, “single-sided deaf-
ness”, “facial-nerve outcomes”, and “retrosig-
moid approach” have been frontier topics in 
recent years. The construction of a density map 
of keywords was based on their frequencies. 
Radiosurgery and hearing conservation were 
core parts of the study, in addition to the sub-
ject terms (Figure 5C).

Figure 5D shows the top 15 largest bursts of 
keywords; “tumor surgery” (2002-2004), “re- 
moval” (2003-2006), and “acoustic neuroma 
surgery” (2003-2006) received greater atten-
tion in the previous period. Recent themes  
that were more popular included “clinic arti-
cles” (2015-2018) and “hearing” (2018-2021). 
Figure 6A shows a map of trends in topics gen-
erated when the keywords were analyzed. As 
can be seen from the graph, the main hot  
spots after 2017 were “skull base”, “cochlear 
implant”, and “translabyrinthine”. The map  
of the keyword themes consisting of a two-
dimensional matrix can identify the current 
focus and predict the direction of research in 
recent years (Figure 6B). Quadrant 4 (bottom 
right) shows basic topics that were meaningful 
to the field but not fully developed. Notably, one 
cluster located in quadrant 4 (the keyword 
“hearing preservation”) corresponds to the last 
item in the map of the results of the analysis 
showing the keyword burst, indicating they 
were potential research topics.

Table 1. Contributions of the top-10 most 
productive countries to research on vestibu-
lar schwannomas
Rank Country Count Centrality
1 USA 1523 0.05
2 Germany 397 0.38
3 UK 316 0.00
4 Japan 315 0.16
5 France 241 0.18
6 China 227 0.05
7 Italy 222 0.25
8 Canada 155 0.05
9 South Korea 133 0.05
10 Netherlands 112 0.14
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Cited references with citation bursts

Cited references were analyzed for the detec-
tion of bursts to track and capture the evolution 
of research hot spots. Figure 6C shows the  
top-10 cited references with the largest burst 
from 2002 to 2021. The red line indicates a 
sudden increase in citations of that reference 
during this period, and the blue line represents 
relative unpopularity. Among the references 
cited in recent years, “Management of sporadic 
vestibular schwannomas”, by Carlson et al. [26] 
had the largest burst.

Most cited references

A total of 44,051 cited references were extract-
ed from 3,909 publications to analyze the co-
citations, and a cluster graph was built based 
on the topics. The network map of the cited ref-
erences consisted of 132 nodes and 129 links; 
the time slice was set to 1 year and the period 
was set to 2012-2021 (Figure 7). Table 4  
shows the top 10 most frequently cited refer-
enced; all of them were published after 2000 
and were cited more than 300 times. A study by 
Stachler et al. [7] published in Otolaryngology-

Figure 3. A. Map of contributions of countries by number of publications; B. Cooperation between countries or 
regions regarding vestibular schwannoma; C. Networks of institutional cooperation and contributions to vestibular 
schwannoma-related publications.
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Head and Neck Surgery was the most cited 
article (654 times). To avoid the influence of 
year of publication, the effects of time and co-
citation were taken into account in the co-
occurrence analysis, and the timeline of the 
clusters were mapped (Figure 8). The results 
showed that “surgery” (Cluster #1) was a rela-
tively early hot spot. “Radiosurgery” (Cluster 
#0), “hearing preservation” (Cluster #1), and 
“diffusion tensor imaging” (Cluster #7) repre-
sented the current research focus.

Higher impact journals

Figure 9A is a dual overlay diagram of journals, 
showing the classification of journal themes 
and citation relationships among journals. The 
right and left sides represent the citings and 
the cited journals, respectively. The map shows 
four main routes of citation (one in orange, two 
in gray, three in pink, and three in green). The 
orange route indicates articles published in 
molecular, biology, and immunology journals 
that are often cited in molecular, biology, and 
genetics journals. The gray routes indicate arti-
cles from dentistry, dermatology, and surgery 
journals that are cited in molecular, biology, 
genetics, and health, nursing, and medicine 
journals. The green paths show studies pub-
lished in medicine, medical, and clinical jour-
nals that are often cited in health, nursing, 
medicine, molecular biology, genetics, and psy-
chology, education, and social journals. The 
pink paths represent studies published in 
molecular, biology, and genetics journals, often 
citing articles published in neurology, sports, 
and ophthalmology journals. 

A total of 3,909 publications were retrieved 
from 201 journals, of which 8 published more 

than 100 articles. We ranked the top-10 most 
popular journals with 1,811 published articles 
during the past two decades, accounting for 
46.3% of total publications (Table 5). It is worth 
noting that the publisher with seven of the top-
10 journals is located in the USA and the 
remaining three are in Europe. The top-5 jour-
nals with the most publications were Otology & 
Neurotology (548, 14.0%), the Journal of 
Neurosurgery (267, 6.8%), Laryngoscope (169, 
4.3%), World Neurosurgery (156, 4.0%), and 
Neurosurgery (153, 3.9%), all of them from the 
USA (Figure 9B).

Discussion

Vestibular schwannoma is a benign, extra-axial, 
slow-growing tumor [27], which, if left untreat-
ed for a long time, may grow to a size resulting 
in serious neurologic complications, such as 
hydrocephalus, brainstem compression, or 
brain herniation, which are the main causes of 
death [28]. In recent years, the mortality and 
disability rates of vestibular schwannoma have 
been controlled; that is, they have been reduc- 
ed from a rate higher than 50% in 1913 (as  
reported at the London International Medical 
Conference) to less than 1% currently [29]. 
However, there is no standardized system for 
the diagnosis or the prognostic evaluation of 
vestibular schwannoma. Outcomes, such as 
hearing preservation and postoperative recon-
struction of auditory function in some patients 
are unsatisfactory, and many issues remain to 
be addressed. It is necessary to provide a com-
prehensive overview of the current state of 
research in this area and to identify hot spots 
and research frontiers. These are the first quali-
tative and quantitative analyses of vestibular 

Table 2. Contributions of the top-10 most productive institutions to research on vestibular schwan-
nomas
Rank Institution Count Country Centrality
1 Mayo Clinic 197 USA 0.05
2 University of California 183 USA 0.12
3 Harvard university 169 USA 0.10
4 Udice French Research Universities 156 France 0.01
5 University of Manchester 92 UK 0.37
6 Massachusetts General Hospital 91 USA 0.34
7 Assistance Publique-Hopitaux de Paris 78 France 0.00
8 House Research Institute 78 USA 0.14
9 Pennsylvania Commonwealth System of Higher Education 75 USA 0.00
10 Johns Hopkins University 71 USA 0.09
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Figure 4. A. Visualization of authors’ cooperative networks for vestibular schwannoma; B. Top-20 most prolific authors’ productivity related to vestibular schwan-
noma.
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schwannoma-related publications using biblio-
metric methods combined with visual analysis 
of research articles published during the past 
two decades and retrieved from databases.

Our results show that vestibular schwannoma 
is gaining academic attention as the number of 
vestibular schwannoma-related research arti-
cles worldwide has steadily increased over the 
last two decades. Based on the distribution of 
countries in Table 1, it was evident that the 
country with the most published articles was 
the USA (1,523, 39.0%), followed by Germany 
(397, 10.1%), accounting for 49.1% of the total 
number of publications. These findings suggest 
that these two countries are leading contribu-
tors to the field of vestibular schwannoma.  
The academic capacity of a country is mainly  
determined by the country’s economic status. 
Government spending on health care may be 
another critical indicator of medical research 
output [30]. The USA outpaces other countries 
in health expenditures, with an annual average 
of $10,202 per resident, which may explain its 
high number of publications [31]. Among these 
countries, Germany undertakes international 
cooperation most frequently, which is reflected 
in its high centrality score. Although Germany 
had the second highest number of publica-
tions, none of its institutions reached any of the 
top 10 rankings, whereas two French institu-
tions published nearly 150 studies on vestibu-
lar schwannoma, which is inconsistent with 
that country’s ranking for the total number of 
publications. Many of these publications were 
based on collaboration, which suggests that 
inter-country collaboration is an important way 
to increase the number of publications and that 

developing broad inter-country collaboration 
might be more important than inter-institution-
al collaboration.

An analysis of the characteristics of highly pro-
ductive journals can contribute to the under-
standing of current trends [32]. Otology & 
Neurotology has published the most vestibular 
schwannoma-related studies in recent years, 
indicating its high level of concern about the 
field, and it provides an effective publishing 
platform for scholarly exchange. Among the top 
10 journals with the most published research 
on vestibular schwannoma, all of them were 
located in the USA and western European coun-
tries. In contrast, no publishers were located in 
East Asia, although China and South Korea 
were also two crucial countries contributing to 
the field of vestibular schwannoma. This finding 
highlights the urgent need to establish an influ-
ential international journal in Asia. The dual-
map of journals suggests that vestibular 
schwannoma has developed from a single dis-
cipline to a cross-disciplinary field. 

We found a gradual upward trend in the publi-
cations of many countries, which might be due 
to the development of national economies and 
increased financial support for academic 
research [33]. To reduce the gap between ad- 
vanced and emerging countries, we suggest: 1) 
an emphasis on relevant knowledge and new 
technologies in the social environment; 2) an 
increase in the investment in natural research 
by the government; 3) improving the evaluation 
system for researchers, emphasizing the quan-
tity and quality of publications, and increasing 
the percentage of core journals; and 4) encour-

Table 3. Productivity of the top 10 most prolific authors of research on vestibular schwannoma

Rank Author Count Country Country Centrality Total number of 
citations

Mean number 
of citations H-index

1 Link MJ 126 USA 0.08 0.00 2,857 22.67 30
2 Carlson ML 124 USA 0.07 0.00 2,406 19.40 29
3 Neff BA 52 USA 0.03 0.00 1,469 28.25 20
4 Caye-thomasen P 51 Denmark 0.00 0.00 1,922 37.69 23
5 Driscoll CLW 51 USA 0.03 0.00 1,184 23.22 19
6 Sanna M 49 Italy 0.00 0.00 1,539 31.41 23
7 Strauss C 46 Germany 0.00 0.00 689 14.98 15
8 Evans DG 44 UK 0.01 0.00 1,442 32.77 23
9 Kalamarides M 44 France 0.01 0.00 842 19.14 18
10 Lunsford LD 44 USA 0.01 0.00 2,198 49.95 23
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Figure 5. A. A graph of keyword clustering; B. A time-series map of keyword co-occurrence; C. Construction of a density map for visualization of keyword was based 
on keyword co-occurrence; D. The largest bursts of citations of research on vestibular schwannoma (2002-2021). 
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Figure 6. A. Trends in topics are mapped by occurrences of terminology; B. Thematic graphic of occurrences of keywords; C. The top-20 cited references with the 
largest citation bursts.



Bibliometric analysis of vestibular schwannoma

770 Am J Transl Res 2023;15(2):755-778

Figure 7. A. A network visualization map of co-cited references; B. A cluster of co-cited references related to vestibular schwannoma. 
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Table 4. Top 10 most co-cited research articles on vestibular schwannoma
Rank Title Journal First Author Year Citations
1 Clinical Practice Guideline: Sudden Hearing Loss Otolaryngology-Head and Neck Surgery Stachler, RJ 2012 654

2 A simple dose gradient measurement tool to complement the conformity index Journal of Neurosurgery Paddick, I 2006 356

3 Radiosurgery of vestibular schwannomas: summary of experience in 829 cases Journal of Neurosurgery Lunsford, LD 2005 307

4 Patient outcomes after vestibular schwannoma management: a prospective comparison of microsurgical resection and 
stereotactic radiosurgery

Neurosurgery Pollock, BE 2006 301

5 Hearing Improvement after Bevacizumab in Patients with Neurofibromatosis Type 2 New England Journal of Medicine Plotkin, SR 2009 294

6 Improved preservation of hearing and facial nerve function in vestibular schwannoma surgery via the retrosigmoid  
approach in a series of 200 patients

Journal of Neurosurgery Samii, M 2006 277

7 The natural history of vestibular schwannoma Otology & Neurotology Stangerup, SE 2006 276

8 New and modified reporting systems from the consensus meeting on systems for reporting results in vestibular  
schwannoma

Otology & Neurotology Kanzaki, J 2003 251

9 Diagnostic criteria for schwannomatosis Neurology MacCollin, M 2005 238

10 Incidence of vestibular schwannoma and neurofibromatosis 2 in the North West of England over a 10-year period: higher 
incidence than previously thought

Otology & Neurotology Evans, DGR 2005 223
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aging interdisciplinary cooperation to produce 
high quality articles.

The analysis of the keyword bursts and the dis-
tribution of keyword co-occurrences are impor-
tant research foci of this field. Asymmetric 
hearing loss is one of the most common symp-
toms of vestibular schwannoma, accounting for 
approximately 51-88% of all symptomatic pre-
sentations, with sudden deafness as the first 
symptom in approximately 8-18% of cases [34]. 
The exact mechanism of sudden hearing loss 
due to auditory neuroma is unclear. Most schol-
ars suggest that it is related to compression of 
the internal auditory artery and the cochlear 
nerve by vestibular schwannoma [35]. It is 
speculated that the sudden hearing loss asso-
ciated with auditory neuroma may be due to 
acute ischemia, obstruction of venous return 
caused by the tumor’s compression of vessels 
in the inner ear, direct compression of the 
cochlear nerve with edema and degeneration, 
or a combination of both factors leading to 
inner ear hair cell dysfunction. A relationship 
between auditory neuroma and the degree of 
hearing loss has been reported, but the results 
are inconsistent. Some scholars have suggest-
ed there is no correlation between the size of 
an auditory neuroma and the degree of hearing 
loss, whereas others have suggested that small 
tumors are more likely to cause sudden deaf-

ness than medium or large tumors, and that 
hearing loss is more severe with a relatively 
poor prognosis [36, 37]. A study found that 
long-term hearing stability ranged from 41% to 
57% among patients with untreated vestibular 
schwannomas and conservative management 
[38]. Hearing preservation rates 3 and 10 years 
after radiation therapy have been found to be 
approximately 74% and 44.5%, respectively 
[39, 40]. Paek et al. [41] conducted an 8-year 
follow-up study that showed a 46% rate of ser-
viceable hearing preservation 5 years after 
radiosurgery treatment. Another study showed 
that the rate of hearing persistence of patients 
with vestibular schwannoma more than 5 years 
after surgery was 70% [38]. These studies indi-
cate that some patients with vestibular schwan-
noma have effective hearing preservation after 
surgical intervention.

The timeline view of the cited references in this 
study shows that radiosurgery is a frontier topic 
in this field. Within the last few decades, the 
treatment of auditory neuroma has undergone 
tremendous developmental advances. These 
major shifts from preserving life and reducing 
lethality to preserving facial nerve function and 
hearing and to performing auditory function 
reconstruction, illustrate the advances in the 
knowledge of this disease and the treatment 
and rehabilitation tools in modern medicine. 

Figure 8. A timeline view of co-cited references with corresponding tags.
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Figure 9. A. The dual-map overlay of journals publishing and citing research on vestibular schwannoma; B. Cumulative trends in the number of publications of the 
top-5 most productive journals from 2002 to 2021. 
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Table 5. Top 10 most productive journals in the field of vestibular schwannoma

Rank Journal Count Country Journal citation 
reports (2021)

Impact factor  
(2021)

Total number 
of citations

Mean number 
of citations H-index

1 Otology & Neurotology 548 USA Q3 2.619 11,217 20.47 52
2 Journal of Neurosurgery 267 USA Q1 5.408 10,404 38.97 55
3 Laryngoscope 169 USA Q3 2.970 4,245 25.12 36
4 World Neurosurgery 156 USA Q4 2.210 1,494 9.580 20
5 Neurosurgery 153 USA Q1 5.315 6203 40.54 45
6 Journal of Neurological Surgery Part B-Skull Base 111 USA Q4 1.407 702 6.320 14
7 Otolaryngology-Head And Neck Surgery 111 USA Q1 5.591 3,133 28.23 32
8 Acta Neurochirurgica 105 Austria Q3 2.816 1,379 13.13 22
9 European Archives of Oto-Rhino-Laryngology 97 Germany Q2 3.236 1,161 11.97 20
10 Acta Oto-Laryngologica 94 Norway Q4 1.698 1,461 15.54 23
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The treatment of vestibular schwannoma 
requires individualized strategies based on 
multiple factors, such as the location, size, and 
growth rate of the tumor and the age and hear-
ing status of the patient. Most researchers now 
emphasize that small auditory neuromas 
require follow-up observation [42]. Surgical 
treatment, such as stereotactic radiosurgery 
(SRS) and combined microscopic and endo-
scopic surgery can be used to treat fast-grow-
ing or large tumors. With an accumulation of 
long-term clinical practice and a large amount 
of clinical data, the efficacy and safety of SRS 
in the treatment of vestibular schwannoma has 
been widely recognized. It has become an 
effective treatment for this disease, showing a 
high tumor control rate and fewer side effects 
[43, 44]. Considering patient comfort, quality of 
life, treatment costs, and potential procedural 
complications (bleeding, cerebrospinal fluid 
leakage, meningitis, hearing, and nervous sys-
tem injury), SRS has shown a significant advan-
tage as an alternative to surgical treatment 
[45]. Treatment with SRS is more suitable for 
patients who do not want to undergo surgical 
treatment, are elderly, or are physically unable 
to tolerate general anesthesia. There is no 
standardized system for the diagnosis or prog-
nostic evaluation of vestibular schwannoma. 
Therefore, the length of follow-up reported in 
retrospective studies is insufficient for a com-
plete and adequate assessment of the efficacy 
of SRS in the treatment of vestibular schwan-
noma, and criteria for the length of follow-up 
vary widely among studies. For the treatment of 
vestibular schwannoma, future efforts should 
focus on strengthening international coopera-
tion, promoting the development of uniform 
standards, standardizing follow-up data collec-
tion, and designing prospective studies to more 
accurately evaluate SRS technology in the 
treatment of vestibular schwannoma.

Limitations

This study has some limitations. First, consider-
ing that WoSCC is the most frequently used 
database for bibliometric analysis, we did not 
search other databases, which might have led 
to overlooking some of the research literature. 
Second, we included only English language 
publications; non-English articles were ignored, 
which may have led to some bias. Last, new 
high-impact publications might not have been 
included in the scope of our analysis because 

of their low citation rate. Despite these limita-
tions, we believe our findings provide a compre-
hensive overview of vestibular schwannoma 
research, which may offer guidance and a 
clearer perspective of the current research on 
vestibular schwannoma. 

Conclusion

Our findings indicate that vestibular schwanno-
ma is of interest to academics, as evidenced by 
the increasing number of articles each year. 
Cooperation between countries, institutions, 
and teams is insufficient and needs to be 
strengthened to facilitate the progress of 
research in this field. Hearing conservation has 
been the focus of research for the last few 
years. The application of radiosurgery, espe-
cially SRS in the treatment of vestibular sc- 
hwannoma, has become a research hotspot 
and deserves closer attention. In conclusion, 
researchers, especially those new to the field, 
can profit from our study. Our results will 
enhance their understanding of the current hot 
spots and research frontiers of vestibular 
schwannomas.
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